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Abstract

The preparation and applications of reactive polymers as
suppoerts and reagents in organic synthesis;ére reviewed, as is
the preparation of polymers pOSSessing.main chain chirality.

A new polymeric reducing agent, bis(polystyry;ﬁ%phenyl—
phosphine) copper tetrahydroborate has.been é}épared on a

crosslinked polystyrene backbone by chemighl modification of

4
ring-brominated polystyrene using a reaction sequence involving
phosphination followed by copper binding thraugh a ligand
" exchange process, and reaction with sodium bérohydride. . The
ponmeric reagent has a highzcapacitgfand is useful in the
reduction of ‘acid chlorides to aldehgdgs. Essentially
quantitative yields can bé obtained using the reagent,which can
alsc be reigcled efficiently without apparent loss of activity.

The role of chelation in the formylation of Grignard
reagents and alkyl lithium compounas with N- formamides has
been studied. A number of new reégents have been érepared and
the'importance of the presence of-additional nitroéen ligands in
the reagent has been clearly demongtrated. An attempt was made
to extend these results to analogous polyﬁer-supported reagents (’
but.the polymers generally exhibited a lower reactivity than
their low molecular weight counterparts. Interestingly,
chelation seemed to play no important role in the reaction of

the polymer-bound reagents.
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(xiv)

An attempt was made to improve the chgmical and optical
vields in the asymmetric synthesis of a - substituted alkanbic
acids using a polymer supported chiral reagent.

\ . A new route to the preparaticn of poelymers possessing
main Ehain chirality by chemical modification with ésymmetric
induction has been explored\iavthe transformation of a copolymer

o N ce s
containing acrylonitrile units into a copolymer containing

methacrylic acid groups. The approach involved a variation of

. __Mefer's azoline synthesis and was also applied to the

 preparation of a polymer with chiral groups in the side chain.
In both cases optically active polymers were obtained, indicating

that the chemical medification had proceeded with asymmetric

induction.

t.-

e



e CHAPTER I

_
1. INTRODUCTION

Synthetic reéctivelmacrcmolecules have become increasingly”®
popular since the mid 1966;.<ﬁ1n 1963, Merrifieldl introduced
his solid phase method fér thj\synthesis of peptides, where an
insoluble crosslinked mécromolecﬁi} was used as a support for a
growing polypeptide-chain.l sindd then, functionél polymers have

found a wide range of applications in organic synthesis and

related fields. They have been used.as supports for polyﬁépti&ezr——

5,6

" and polysaccharide synthesis™'", as reagents,

polynﬁcleotiae3
as catalysts, as substrate cérriers in ion exchange and many
other applications.7_l7 ) -

A reaction or a seéqence of reactions when carriéd out
using a reactive polymerrbenefits'from several advantages.

i) Ease of Proce581ng. ///ﬁ\

This lsjone of the main con51deratlons in any organic
reaction. Purification of the product in any polymer-assisted
reaction is easy and often reduced to s;mple flltratlons.

1i) Recovery and_recéglablllty of the polymer.

In most. reactions the functional polymer can be designed

so that the spent material can be recovered quantitaE}vely andg.

regenerated ina simple fashion  without appreciable loss of

activity.I4



iii) Ease of handling.

Certain functionalities, wheﬁ present in low molecular
weight compounds, are assoéiated with significant toxicities and
noxious odors. Odofigss polymers containing the same functional
groups can be made\&ﬁchlmwe_reduced toxicities.

iv) Influence of the polymer backbone and of the local
environment within the polymer.14
- Reactions between species éttached to the same polymer
backbone may be enhanced or reduced considérably depending on
the local environment;reaction kinetics and steréoselectivity

L]

are also affected.

1.l. Preparation and characterization of functional polvmers.

1.1.1. Choice of the physical form of the polvimer.

Polygers are available in two different physical forms.
i) Linear polymers.

These aré soluble polymers which can be dissolved

-

v

in appropriate solvents.
ii) Crosslinﬁed gels or maéroreticular resins.
These are totally insoluble in all solvents.

Each type possesses its own distinct advantages and disadv-
antages. Therefore in any application of a polymer as a feagent,
a protecting gioup, eté., it is necessary to consider ;arefully
all the factors involved before deciding on the phvsical form of
the polymer. This will help to maximize the advantages of the

. .

polymer system and. minimize anv potential problenms.

-y



1.1.1.1. Linear vs. crosslinked polymers. - ~

Reactions associated with lineér
soluble peclymexrs wil%'usua;ly be carried out'inlsolution with
few diffusion problems. Therefore this will allow the other
reactants to have equél accessibility to all the functional
R groups of the polymer. This ﬁ;y be very important in a reaction

which involves bulky substrates that may not bg able to diffuse
into the pores of a crosslinked poi&mer. Although high conversionsl
are péssible, it may be difficult in scme cases to effect the
separation of the polymer from low molecular weight impurities;
and thus the primary advantage associated with the use of a
polymer may be partially lost. Another difficulty that one has to
face is the occurence of‘side reactions which give rise to
unwanted crosslinks during reaction and may result in the forma-

" tion of ge;s which are difficult to process.

Cn the other hand the processing will Eeccme much eésier
if crosslinked polymers are used; they can se made in the faorm -
of insoluble spherical beads which will not coalesce when placed
in organic solvents. The separation of the polymer from low
molecular weight contaminants is by simple filtration and washing
with various solvents. Polymer beads with low degrees of cross-
‘linking will swell extensively in suitable solvents, and inner
reactive groﬁps become accessible to the §oluble reagéhts. The
beads are highly solvated and will react much as if they were in

soluticn. Highly crosslinked polymers having very poxous struc-

tures which allow the solvents and reagents to penetrate without



prio; swelling‘can aléb be made. Except for the case where large
substrates are involved, the reactions in both cases can be expe-
cted to occur fairly homoéeneously throughout the beads. Large
substrates{being unable to'diffuse freely into the pores of thé
polymer,will react at a slower rate, or they may only be able to' =

- react at some of the more accessible sites, located on the surface

of the beads or within the larger pores. \\\yg/f\

I.1.2. Preparation of finctienal polymers.

Two approaches are possible for the preparation of

. functional polymers..

i) Polymerization or copolymerization of nonamers

containing the desired functional group. 1

&

ii) Chemical modification of preformed polymers. - |
In the first approcach, to obtain a good vield of the polymer
in a suitable form requires a considerable manipulation of the

polyrerization procedure,which may be somewhat difficult. The

chemical modification approach seems to be more simple and
straichtforward. a commercially available resin of high quality

is normally used and the functional groups are introduced by

et o n i n

using standard organic synthesis procedures. Reactions carried

dewat e fated b

out on small molecules and reactions on insoluble polymers have

two major differences. The first is the limited number of reactive

sites available in the polymer,due to inaccessibility of scme of the reactive

sites which will often necessitate the use of more drastic reactive !

conditions. The- second difference is +the purification; crosslinked :

polymers can be purified only by washing which will not remove -
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any unwelcome material attached to the polymer. In contrast

in the case of ldw mﬁlecular-weight materials, technicues such
as'crystalization,_§istillation, chromatography etc. are
available for purification after the reaction. Therefore the
functionalizéd polymer will sometimés have some unchanged
functionalities and impurities resulting from side reactions.

The amount of the§e/&mpurities will depend on the type of

reaction.

*

1.1.2.1. Chemical modification of polystyrene.

Crosslinked polystyren% resins ars widely used for the
preparation of functional polymers as they meet many of the
requirements of a solid support such as;

i)} They are available in bead form.with good mechanical
stability and well defined physiéal charactefistics. )

ii) The aliphatic polYmer backbone is stable and is
not overly suscepﬁible to degradative chain scission.
iii) The aromatié rings are very reactive and can be
functionalized easily.

Chloromethylated polystyrene (:)—CHZCI, ring-lithiated
polystyrenec:)-Li and ring-brominaéed polystvrene (:)—Br are the
three intermediaﬁes that are almost always used in tﬁe preparat-
ion of polymeric reagents, catalysts, supports etc. Among them
(:)—CH2Cl,also_referred tc®as Merrifield's resin,has been used
most extensively, both as a support and as a Precursor to numerous )

other functional ponméts}A’ls ) d
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L Chlorcmethylation can be carried out according to two
different routes:; réaction of styrene-divinylbenzene copolymer
with paraformaldehyde and hydrogen “chloridel’, or by reaction
of styrene-divinylbenzene copolymer with chloromethyl methyl

etherl + chloromethyl ethyl ether 9, or bis(1, 4—chloromethoxy) :

butane20 in the presence of a Friedel-Craft catalyst such as

4.21 .The degree of substitution depends

ﬁlcl3; ZnCl2 or SnCl
on the catalyst and reagent concentrations, reaction time and
tempe{ature.

The versatility of this functional polymer is due tc the
ease with which its chlorine atoms can be replaced in nucleo-

philic’ substitutions.22

Formylated polystyrene(:D-CHO, which is a ﬁseful intermed-
iate.in the synthesis of other functional polymers, can be
- obtained in good yield by DMSO oxidation of (:)—CHZC1.5’23’24
@-CHO can be oxidized with KZCIZO'J t? give -COOH.23’25
By reaction of (:)—CHZCI with KCN in DMSO the cyano derivative
(:)-CH2CN has been made.23 The reaction is often accompanied
by‘partial oxidation of (:)—C32Cl tolc:)-CHO. As will be seen ’
elswhere in this introduction this problem can be solved through
the use of a different sclvent such as DMF or by phase transfer . -
catalysis. Polymeric acid (:)—CH2COOH can be obtained‘byvacid
hydrolg%is of cvano polymer C)—CHZCN,Z3 » Or by reacting
'<:)“CHéC1 with an organolithium compound centaining a protected

. s . , .2
carboxylig acid group followed by ‘acid hydrolvsis. 5

e

et b e
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Hydroxymethyl polystyrene (:)—CHZOH can be produced by

23,27,28 ,13 alsc by reduction

saponification of polymeric esters
e 24 : , + 1"
of @-COOH. The polymeric sulfonium salt @-CHZS -(CH3)2C1 ,
used as an ion exchange resin and a protecting group in peptide

synthesis, is made by addition of dimethyl sulfide to (:)-C32Cl?9—31

T
Polymers useful as ligands in the formation of supported

transition metal catalysts have been synthesized. Polymeric X
phosphines  belong to this éatogery and are prepared by reaction of
C)_CHZCl with LiP(Ph)2.32 Another polymer ﬁhat can be included
in this group is (:)-C52~<::J/éhich has been‘synthesizéd by
reacting c:)—CHZCl with the cyclopentadienyl.anion.33

N '—CHZCl has also been used to make the methyl chloro- .
forméte resin (:)—CHZ—OéCl which is used as a solid support in

24,34 and then

peptide synthesis,by first comverting to @—CHZOH
reacting with excess phosgene.35

One of the major applicat%ons'of (:)—CH2C1 is for the
preparation of the anion exchange polymers of the type
(:)-CﬂzN+R3Cl—. Some of these widely used resins are commers
ciallylavailable and their synthesis has been reviewed.>° Another
usefgl class of ion‘exchange resin of the type (:)-Cﬁz-g(OH)z
is prepared by reacting (:)—CHzcl with trialkyl phosphite apd
then hydrolysing the product.37

Gibson and.Bailey38

in their study of chemical modification
of polvmers, were able to prepare several structurally different
polymers and cdpolymers successfully using soluble —CH2C1;.

Polymeric phenol ethers have been made in a manner analogous
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to the reaction of moncmeric benzyl chlorides with phenols in-

the presence of a base. {Scheme (1)).

(®-cr,c1 + .HO-©-R o Y @-CHZ-O-©-R

“

R = H, CHO, NOZ' oC . .m

675 .

Scheme (1)

-

The reaction is efficient when R is electron withdrawing. When
amino phenols are used, “crosslinking takes place by alkylé.tion :

\

> ©of the amino functions with unxreacted chloromethyl groups.

-

Alkylation of Reissert compound (a) has been done using
soluble -CE.2C1 and the conversion is found to be essentially

. quantitative.(Scheme (2)).3°40

@COC% + (®)-cu,c1 _ pase @NCOCH3

CN E N ca,-(B)
) .

- (a
Aaline hydrolysis
ce,-(2)

Scheme (2)
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(:)-CHZCI has also been used to synthesize pélymers of
the type (:)-CHZNHZ by reaction with, potassium phthalimide
followed by reaction with hydrazine?l(Scheme (3).

%
e
10
e 0
1 1 N_H,.H,O.
~CH,C1 > ®'C32‘N\c- _— @-CH2NH2
] .
© -
Scheme (3)

Because it 'is impossible to remove any impurities
introdﬁced to the polymer,iﬁ is important to choose reactions
with very high yields and few side products. Improvements can
be made using 'phase transfer conditions. Fréchet et. al. have
generated reactive interﬁediates en insoluble polymers using
this method and have demonstrated that reactions involving such three.
phase systems occur in a remarkably,éclean fashion to give
excellént yvields of prdaucts withdﬁt appreciable formation of

42,45 Nucleophilic substitution on(:)—CHZCl B

side products.
using variety of carbon,sulphur ané oxygen nucleophiles has
been done under phase transfer conditions with excellent results.

(scheme (4))
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(®)-cr,~s- (cH,) ,~SE
A
_can

(®)-cr,-s- (c8,) ;-CE, - @—CHZ-CH\
c=N

Il
C-OCsz

@—caz-c:N «—— @-—CHZCI _— .®- CH,-CH
/ i
-oC
@—CH2—0©X @—cnz—ca\'c ©C2%s
. B

C=N

Chemibcal modification of -CH Cl by phase transfer catalysis.42
) N\ 2

Scheme (4)
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The reaction involves a three phase system consisting of
two liquid phases, an organic swelling agent and an aqueous
solution of the nucleophile, and the solid éolymer in the presence

of a phase transfer catalyst.

-,(:)-cﬁzoa has been prepared from (:)-CHZCI by success-

ive addition of acetate and hydroxide ions under phase transfer

conditions.?3731 mhis reaction is interesting as OH alone is

;lmost unreactive.

. -~ Nucleophilic displacement of chloride from (:)—CHZCl by
oxygen nuc;eophiles under phase transfer conéitions has been
‘tested by reaction with phenolate icns derived from p-hydroxy
senzaldehyde and p-nitrophencl. In both cﬁses complete displace=

mentof chloride by the phenclate was observed.42'45
Various carbon nucleophiles have alsc been used to

displace chloride in (:)—Cﬁzcl under phase transfer conditions

42,43

with excellent results while conventicnal technigques lead

to low functional yields. For example,the preparation of
(:)-CHZCH(CN)2 using malcnonitrile in DMF and ethoxide ion as the

base results in the transformation of only 30% of the chloro-

methyl grcocups into the dinitrile.46 On the cother hand,phase

transfer catalysis gave complete conversion after 2-3 days of
I4

reaction at 80 C. 243,45

The preparation of cyanomethyl polymer (:)—CH2CN from

-CEZCJ. has been done by using cyanide :l'.on23 in DMSO.

Oxidation of —CHZCl to --CHO also occured as.a side

reaction. The transformation,when dene under phase transfer

=

T,
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conditions or in DMF as a solvent ,gave excellent y1elds42

The reaction of S-nucleophiles with (:>;CHZC1 under phase
transfer conditions gave results comparable to those obtained
with C—nucleophlles. Displacement of chloride with butanethlol
or methanethiol in the presence of aqueous hydroxide ion wusing
(n—Bu)4N OH as phase transfer catalyst,was complete and ;h;
pPolymeric sulphides (:)-CHZS(CH2)3CH3 and (:)-CHZSCH3 were
obtained in guantitative yields. fhey can be used as oxidizing
agents when converted'to sulfoxides with Hydrogen peroxide.47

. The secdnd important intermediate in

the chemical modificatiop of polystyrene , ring lithiated
) pblystyreqe,(:>-Li (Polystyrylliﬁhium)2?{can be made in one

of two ways.

i) Direct lithiation of the aromatic rings using -

n-butvllithium and N,N,N',N'-tetramethylethylenediamine (TMEDA). .

ii) The metal-haldgen‘exchange reaction between halogenated
polystyrenesand n~butyllithium. .

The first procedure,developed by Chalk,48 was applied to
the lithiation of soluble polystyrene. The reaction was besk
carried out in a nonpolar solvent such as cyclohexane. The
reaction was extended to crosslinked polystyrene by Leznoff and
Fyles49 aﬁd results in the substitution of the aromatic rings in
the meta and the para positioﬁs._‘;g’s2 XKinetic studies have shown

. that 1:1 TMEDA:n-Buli complex is the active species in the

. . 50 . . .
metalation reaction. n-Buli used alone is completely unreactive.

-

‘ SRS
ot . e o B,

O YO



The direct lithiation of insoluble polystyrenme by the

complexes of n-Buli with various amines was also studied by

52,53

Farrall and Fréchet. The procedure involved the reaction

-

qf an amine-n-Buli complex with a 1% crosslinked resin at

65-70 'C in a nonpolar solvent. The best results have been -
obtained using TMEDA complexes in a nonpolar hydrocarbon solvent
such as cyclohexane or heptané. Arqmatic solvents such as benzene
or polar solvents such as THF were unsuitable for this reaction.
The maximum degree of functionalization achieved was 0.23 which
is far bette; than the 0.11 value cbtained by other workers.49
The relatively low functional vields are probably due to'the
fact that the solvents which must be used for the reaction are
unable to swell the resin and the penetration of the relatively
bulky TMEDA-n-BuLi in the pores of the resin is restricted to

only the most accessible sites of the polymer. , "

Br

~—CH,~CE—+ 2 - ——CH ,~CE——
-
T1(III)
§“_ I
n-BuLi n~BulLi
TMEDA !
~4—CH,~CH—}~

Li

Scheme (5)
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The second procedure,22'53’54 althoﬁgh requiring an

additional step, is advantageous when a good control of the
degree and the position of lithiation is required. It is also
‘useful in cases where high loadlngs are required.

The lithiation of halogenated polystvrene with n-Buli was
first studied by Braun by using soluble poly(iodostyrene) .
(:)-I.SS'SS A number of polystyreng derivatives have been
Prepared using scluble (:)—Li. 35,57

The lithiation of halogenated polystyrene has been widely
applied to insoluble crosslinked polystyrenes using mainly
brominated polystyrenes. A number of methods are available for the
Preparation of a sﬁitable brominated polystyrene
precursor.l’22’53’59’6l'62 Satisfactory results can be obtained
by the method developed by Heitz and Michels61 which involves the
reaction of polystyrene with bromine in the presence of ferric
chloride as the catalyst. Farrall and Fréchet22’53‘have also
investigated tﬂe bromination of crosslinked polystyrene with the
aim of obtaining a reliable procedure for the preparation of a -
clean and homogeneous polymer with a predictable degree of
substitution of the aromatic ring. The best procedure involves
the use of bromine in carbon tetrachloride in the presence of
a catalytic amount of thallium(III) salt. It has also been shown
tha? it is possible to control the degree of functionalization
accurately by regulating the amount of bromine available.

| An extensive study of the preparation and Ehemical k
modification of crosslinked -Li was carried out by ‘J!E‘réchet

and Farra1122'53 who optimized conditions for the lithiation of

s crm i B i

| =P ES



crosslinked polystyrene resins and prepared a large number of
functional derivatives of polystyrene by quenching (:)-Li

with appropriate electrophiles.(Scheme (6)).

CHchZBr
! A
—CH~CH-}— _{_Cszé')—

© - ¥
p@\\ I Ho: :

., —CE ~CH~—
-

Y. _ _ - . SE
CH3 Tl CH3 i X E
Cl : ! \\\\\&
—~CH,-CH~}— ' —{~CH,~CH=}—
EN/C;"""O v S"CH3
. —.{_—cﬁz-—cs—)-- ~-CE2-CH 3—
~ . Ho—B~0x CHO

Scheme (6)
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Two functional Polymers@-QH and .-_SE . which__should be
very ﬁsefq&Pag polymeric swpports in view of their ability to
generate powerful nuclecphiles which could react with various
substrates under very mild conditions, have been made using

(:)—Li by Fréchet and Farrall. o+t o4

(:)-SH has been prepared
either via the direét lithiation or via the bromination-lithiation
procedure followed by reaction of the resulting (:)-Li with
elementgl sulfur. The resulting polﬁmer is reduced with LiAlH4 in

order to cleave di- and poly-sulfides to the desired thiol.

{Scheme (7).

(®-zi 58 5 (®-s.® o ®-5~ S @;sn
Scheme (7)

Hydroxy peolystyrene (:)-OH is nrepared by adding oxygen to a

suspension of (:)—Ll insdry benzene or cyclchexane at room
)

temperature. (Scheme (8)).

) 0 NaHSO .
(®)-1s 2 5 ® -0 3 (®) -oE E._
Scheme (8) &- -

-

Unfortunately, this reaction results in the formation of additicnal
crosslinks in the polymer as a few ether linkages are formed
between adjacent aromatic rings. A new procedure for the preparation

of (:)—GH resins has been described recently by Fréchet et. al.58
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I.2. Polymers as supports and protecting groups

The advantages previously desc;ibed for polymers
are especially important in their application as supports and
protecting groups in organic synthesis. As the des?red'product
is attached to ,the insoluble support it can be fished out of
a complex mixture of reactants and byvproducts even though it
may represent only a tiny fraction of the total mixture. This
can be critical in such areas as péétide systhesis, where

purification of the product is traditionally the main stumbling block.
The first polymer support was developed by Merrifieldl
for the preparation of peptides. In Merrifields reaction scheme
the carboxyl group of the carboxyl terminal amino écid was attached
to @D-CH Cl to give resino-benzyl est?r This type of linkage was
selected because the coupllng reaction is simple and the resino-
benzyl ester is resistant to the conditions of the sequential
synthesis wﬂilé still being susceptible to cleavage once “he
sy;thesis is complete. {Scheme(9). 12,63,64

One of the Shortcomings of this synthesis 1s that during
the removal of the a-amiﬁo acid érotecting'group (t=butyloxycarbonyl)
by treatment with acid , about 1% of the resino-benzyl ester is also
cleaved, n&hcﬁg“&e overall yield of the final éroduct. ?his may
also cause side reaétions at later'stgges of the synthesis.

Another similar-carbdxyl protecting group which has been
used in peptide synthesis cdn be prepared by Eﬁ@ﬂﬂrCﬁﬁt&;ﬂaC?iation
of polystyrene with bromoacetvl chloride. The bromoacetvl resin can
be esterified rxeadily by reacting it with a carboxylate.ss A variety

of nucleophiles like ammonia, thiophenoxide etc. are available

to cleave the resino-phenacvl ester linkage once the svnthesis
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is over. ({Scheme (10}
an effective‘polymeric protecting group was devgloped

and used by Chapman and Walker66

for the protection of the free
carboxylic acid end groups of some penicillins and‘cephalosporins.
The polymer which contains a diazo group is made by benzoylation
of a polystyrene resin followed by reaction with excess
hydrazine-apd oxidation of the res@ltin; polymer with
péracid in the presence of iodine. Both the diazo polymer and
its hydrazcne precursoé could be used tc protect the free
carboxylic acid éroup of penicillin G-1(S)-oxide. The polymef
supported pepicillin could be converted into the corresponding
cephalosporin by a simple thermal reérrangement in the solid
phase. In a similar reaction this polymer has been used to
attach cephalosporin, whichwas then subjected to a series of
transformaticns invelving reactions such as oxidations and
nucleophilic substitutions. (Scheme (11)}). The polymer recovered
after treatment with triflourocacetic acid coulé be regenerated,
but this would rx;’t be of gi-eat practical value as it reguires nozre
than four steps.

éolymérs having chiral groups have been used in an
asymuetric svnthesis by XKawana and Emoto.67 The support they

used was a polymer bound xylofuranose derivative in which all

but one of the hydroxyls were substituted, {Scheme (12)). Using

this procedure;atrolacfic acid was obtained with higher
chemical and cotical yields than those from similar reacticns

done under homegeneous conditions bv a similar method
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using phenylglycaxyl chlcride.rihe‘recovered polymer could be
used again but wasyslightly less effective in the sg&ond reaction
cycle. The increase in stereoselecéivity was probably due to a
decrease in the conformational mobility of.the polﬁmer Suppofted
intermediate. | |

A versatile pélymer supported diol protecting group has
been synthesized by reacting (:)-Li with tfimethylborate,followed

68-71 qpnis polymer is extremely selective and is

by hydrolysis.
regenerated iﬁ the cleavage step, ané thus can be reused
repeatedly without reqﬁiring a‘separate regeneration step and
without loss of‘&éﬁivity. The selectivity ié demonstrated by

its reaction with a 1:1 mixture of cis-and trans-l;z-cyélohexane-

68 A boronate is formed exclﬁsively with the cis diol

diolsf

which can be removed later from the polymer by addition of a

moist solvent or a solvent contaiﬂing some methancl (Scheme (13).
This polymers successfulness was further demonstrétgd by

its use in the-selective protection of glycosides and other

Polyols.l4’68'70 : {f ) _
Other protected diols bound to polymers have been used in

the synthesis of insect sex attractants and caretenoids.72-77

(Scheme (14)}). This method has been used to make gram guantities

of insect sex attractants and the work has Been reviewed.g

<4



(23).

o9 - " 1) CHzMql 5
Ph-C-C~C¢& HCC 2) cleave Ph—-?— COOH
OH
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Scheme (12)
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Scheme (14)

AcO(CHplg CH=CHCH,CH,CHy

1) PPh3, Buli
2) OIUOINOINOIO
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B TrolC MsCl LIC=CH y .
. (®-TrO(CH,)gOH ®-TrO(CH,)g OMs (®-TrO(CH,)gC =CH
. ’ | ./mcnommu.w: ) 1) n-Buli
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2&93/ ! - @5.99.0.,@/ Bu wmw%%mé_ !
P g e - To s g



(25)

Some other polymers used as supports and protecting groups !
and their applications are shown in Table (1) and they have been

reviewed..recently.l6

Table (1) : Selected polymeric supports and their applications.

Polymer Support Application Ref.

. NG, o
7’ . ‘ .
(:)—<::j}-OH Synthesis of cyclic 78,79
peptides 80,81
@—CHz—SOH Synthesis of cyclic 82,
: . : peptides '

83,84
(®) -cr,0c0 ).co.éa (& ‘thesis
-CH,0CO(CH,) , 2\\_£Sﬁ2)23 Synthesis of threaded 85
s macrocycles
. :
(:)—CHZOCEz—CH-Nﬂz Asymmetric synthesis of
éH 2=allylcyclohexanones .86
3 ' . -
' L
%* -—
(:)—CHZ—NR;-CHMePh Cl Resolution of mandelic acid 87
hp
R = H, Me Separation of-sugar.éncmers 88

(:)—<::)}-C32CH2N32 Removal of allergenic ' 89,90

substances from natural oils

(:)-CONHf{<::>——SZCl Selective separation of
: , . tryptophan and txyptophan

~ containing peptides 9l
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1.3. Polymeric Reagents

A polymeric reagent is a reactive organic group bound to
r
2 polymer support which is used in stoichiometric quantities

- - . » - ‘
to achieve the chemical modification of a given substrate.
(Scheme (15)).

(:)-x + Substrate (:)-Y + Product
—_——
Polymeric ' Polymeric '
reagent byproduct
Scheme -(15)

The main advantage associated with the use of polymeric
reagents is the ease of isolation of the product from the reaction

-mixture. The product will remain in the liguid phase while the

P

excess reagent and the byproducts stay bound to the solid polymeE.
AI
Polymeric phosphines have been made and successfully

used in Wittig reactions to synthesis olefins.92 The polymeric

3
phosphine can be readily recycled and after regeneration reused

in further Wiﬁtig reactions. (Scheme (16)).

In conventlonal Wlttlg reactions the llthlum ‘lons complex

with.the threo form of the betaine. which leads to the formatlon
of the trans oleflnISWLth polymeric phosphoniwm reagents the

llthlum salts could be removed by flltratlon before the addition €E>“
of the carbonyl compound. This leads to the formation of cis
olefins in hig_ﬁ"yields.92 -v.‘ . e
A large number of polymeric reagents have been aeveloped

and used successfully for reactions such as oxidation, epoxidation,

-

Zmiﬁ;&;ﬁkgjgk.a;ﬁu..{;_;.‘b’,;.-.&—..aa}dai;ai.}.-.-ﬂlmbﬁm_‘pdu i

F
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Scheme (16)

|
\
reduction, acylation, halogenation etc. and some of these are

shown in Table (2).
A polymeric analeogue of perbenzoic acid (:)-COOOH.

hgs'been made and used successfully to convert olefins to epoxides

and to oxidize diimines to N-oxides,Z>’23:%%

3,95

and sulfides to

sulfoxides or sulfones. The spent resin is regenerated

efficiently bv treatment with hydrogen peroxide in the presence

&

of sulfonic acid as a ‘catalyst.

K:)ﬁﬁ(Me)3 )ECrOZ has been used to oxidize alcohols to

47

aldehydes and ketones in good yvields. ' "Another very efficient

milé oxidizing aéent is poly (vinylpvridinium dichromate)
((:)-«i?ﬁH)ZCr2072-. It has been used to oxidize alcohols to

a
L3
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‘aldehydes and ketones without any overoxidation.96 Another

important factor with this reagent is that unlike the more

classical soluble Cr03/pg;idine analcgues it could be used
safely in larger scale oxidation cf alcohols under mild

96

conditions. The polymer has been regenerated several times

without loss of activity. Ancther useful polymeric oxidizing
agent is (:)-Cﬁz +(CHB)2 which has been used +to oxidize alkyl
bromides and iodides to aldehydéé.'97 The ﬁolyméric reagent is
found to give better yields than the monomerit reagent and is
easily regenerated by reaction with E,C,. ’
Several polymer-supported reducing agents are gnown
althoush only few of: them are recyclable. Reducing agents for:
converting aldehydes and ketones to alecohols could be made by
complexing sodium bofohydride with poly(4-vinyl p_vridine)98 or
ion exchange resins (C)—CHsz(Me)3)BH4,99 or by reacting = -
diborane with ()-SnHzBu- The latter also.;educes alkyl
halides to alkanes. The first reagent is‘recyclablegs'gg while
the second is not.%06'1077Most of these reagents had lower
reactivities than thelr monomeric counterparts and have found

little application..

@-P (Ph) 2/CC14 and -P(Ph) 2C12'have been used to make

alkyl chlorides from alcohols in excellent yields.so’loo’lo; The
C:)—?(Ph)z produced 1s regenerated by using phosgene.60 The same
o

reagents have been used to convert primarv amides and aldoximes

to nitriles,so.’lo2 and carboxvlic acids into acid chloridesso'103

(Scheme (17)).

Ak b L AR o Hae s hadan e R
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(:)-P(Ph) CcCY, + RCOE
‘ 2 4 1
0
cocl,) (:)-E(Ph)z RCCI + CECI,
o
Scheme (17) -

.Polymer supported carbodiimide derivatives have been

prepared and used as condensing agents in the synthesis of

104,105

peptides. They have also been used for the conversion

106

of carboxylic acids to their anhydrides and in the

Moffat oxidation of highly sensitive " alcohels. 07

These
polymeric reagents have the advantage tbat the byproducf , urea,
remains attached to the polymer and can be easily separated from

the reaction mixture by filtraticn and regenerated back into the
105,106

-polyvmeric carbodiimider However, side reactions on the

polymer reduce’ dts usefulness and recyclability.(Scheme (18)).

-

A number of polymeric halogenating agents have been
developed and used efficiently in reactions such as bromination
of olefins, ketones, allylic and aromatic compounds, conversion

108,109,110
of acids into acid chlorides ete. ™ .



(30)
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Scheme (18)

Poly(vinyl pyridinium hydrobromidémperbromide) (:)—<:>§H5r3

has been used by Frechet and co—workers:LOS for bromination of
alkenes and ketones. The brominated products were obtained in
excellent yields. The sgent polymeric reagent has been regenerated
without loss of activity. The polymeric reagent was made
by reaction of #-vinyl pyridine-styrene-divinyl benzene copolymer
with hydrogen bromide and bromine. Attenmpts have been .

made to use a similar polymer containing chiral groups\ in

109

asymmetric synthesis; however these were generally not successful.

A polymeric aryliodine (III) difluoride (Scheme (19) has

been prepared by first iodinating crosslinked polystyrene and

2
This reagent has been used to fluorinate several

then reacting it with Xer in the presence of HF in CHZCl at

25 %. 110
rhenyl substituted olefins to their difluorides in high vields

under mild conditions. The spent reagent has been weused several times.
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A selected list of other polymeric reagents and their

applications are shown in Table (2).

Table (2) : Selected polymeric reagents and their applications.

Functional Polymer Application as a reagent Ref.
<:>-§Me.Et Fsog Epoxidation of aldehvdes 111
(:)-IClz Chlorination of olefins 112,113
(:)—CﬂzﬁMeB Br; a-bromination of carbonyl compounds,

additions of bromine to alkenes and

alkynes . 114,115
(:)-C(Ph)=NBr < Allvlic b?omination' ‘ 116
(:)—COCI Conversion of acids to acid chlorides 117
(:)-C=CNEt2 . Conversion of acids to mixed esters

anhydrides, and amides 118
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Table (2) (Cont'd)

Functional Polymer Application as a reagent Ref.
(:)— (:)N- BH, Reduction of carbonyl compounds 119
(:)-Snﬁz(n—Bu) Reduction of. carbonyl compounds,

selective monoreduction of dials,
reduction of alkyl halides to ketones 120

C:)-Se-R : o, 8-dehydrogenation of carbonyl '

R =DNa, Cl cempounds 121,122
(:)—Se-Ph Oxidation of g-methylnaphthalene to

g + a-naphthaldehyde 121,122
(:)-&:§> Oxidation of thiols to sulphides 123

N

Br2 -

1.4. Optically active polvmers

Opticaily active polymers-are drawing a great deal of
attention presently, especially in biomimetic chemistry in which

they are used- as backbones for models of the active sites

of enzymes. Their study also represents a new appregch to the

problems of polymeric structures and polvmerization mechanisms.
Another potential application associated with these polymers is as chiral
resolving agents for racemic mixtures.
Optically active polymers are of two types.
i) Polymers having chiral substituents in the side chain.
"1i) Polymers with optical activity due to the chiral

structure of the main chain.

o

catid & sk
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l.4.1. Polymers with chiral substituents in the side chain

A considerable amount of work has been done on the
synthesis of optically active polymers wiﬁh chiral substituents
in the side chain. Although a muber of methcds are available for the
preparaﬁion of these golymers, two methods have been studied most
extensively. They involve the direct polymerization of monomers
with chiral side chains and the stereoselective or stereoelec?ivé

polymerization of racemic monomers. .

1.4.1.1. Polymerization of monomers having optical activity

The simplést method of producing polvmers with side
chains consists of polymerizing the corresponding optically

active monomer.

- —

The first polymer of this type,a poly(iscamyl itaconic-
acid) was prepared by Walder. 24 Since that time‘polymers
derived from optically active g-olefins, vinvl ethers, vinvl
ketones, acrylic or methacryliic esters, acrylic amides and
aldehydes have been widely investigated. One of the utilities of
these polymers is as a probe of conformaticnal equilibria of the
polymer.chains in sclution. If the chirélity of the side chains
induces a chiral conformation in the polymer chains,a marked change

in optical activity on going from the monomer +to the colvner would
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be seen.

Murahashi , Nozaqua et. al.125
polymerized two optically active o -olefins, {—4-methyl-1—hexene
and d-3-methyl-l-pentene, using a Ziegler-Natta catalyst(titanium
tetrachloride/triethyl aluminum)(Scheme (20)) and the nature of the
pQIymer was examined in anticipation that the asymmetric
substituent might induce preferentially one helical configuration
in the polymer chain. Both the polyﬁers, poly (£-4~methyl-l-hexene)
and poly(@73-methyl—l-pentend, showed optical activity with very
large optical rotations compared to those of the moncmers. The large
optical rotation seemed to be caused not énly by the
neighbouring groups-around the.asymmetric carbon atom of the
side group but also by the molecular asymﬁetry of the helical
configuration of the main chain, more particularly by a
predominant concentration of either right-or left-handed helix
in the solption. However, the optical fotation of the pol&mer
in solution did not change with the concentration, the temperature
or the addition of pocr solvents. This strongly suggests that the
optical rotation of this polymer can onlv be attributed to one

species, the asymmetrlc carbon atom of the substituent group, at

least in solution.

~—

, , :
CE3~CH,-CE-CECE, TiCl,/AlEt; . ~CH,~CH—
N . - *
CHy CE.~CH
. 3]
. Ca¥s,

Scheme (20)
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Optically_ﬁctive poly-(a':methyl benzyl methacrylate)

PMEMA has been made using optically active o-methyl benzyl metha-
crylatg by Ulliman and co-workers.127.1n tﬁese stﬁdies a2 substantial -
enhanéement of optical activity (about 30%) was found fdr the’
polymer by comparison with a monomeric analogue.

Menthyl methacrylate has been polymerized with different
catalysts such as %Penyi magnesium bromide, n-BuLi, benzoyl
peroxide etc.> 2’ Tﬁafnly (rentiyl méthacrylates)obtained have
shown strong 8E;ical,activity ing%ost cases.127'128

' Oétically active vinyl polymers from (éa-l-(methylpropyl)
vinyl ether and (S)-2-{methyl butyl) vinyl ether havé/;een
synthesized with different stereoregularities and their ODth%%
activity has been lnvestlgated by Pino and co-workers.129 =13l

These results show that when the asymmetric carbon atoms of the

lateral chains are in the B-position\with respect to the main chain

w

of the macromolecules, (Figure (1)}, the relationship between

optlcal activity and polymer structure are guantitatively the

v

same in the polyvinyl ether and in the corresponding poly-¢-olefin.

&=

In fact poly {(S)-l-methyl propyl vinyl ether, like poly {(g)-4-
methyl-l-hexene] , has a very high, positive optical activity
strongly dependent on the stereoregularity of the polymer chain.

On the other hand when the asyvmmetric carbon atoms of the lateral

chains are ln the Y-position with respect to the main chain

-

of the macropolecule,{?;gure (1)), the optical actiwvity of the

-

polyvinyl ether was much lower than that of the corresponding

‘poly=- ac-olefin.

t""'.‘

~
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' Figure (1)
. Goodman and Abel3? studied the polymerization of optically - ]
active aldehyde monomers and were able to prepare successfully \
a ‘number of optically active polyaldehydes (R) (=) ~2-methyl butanal ,
(8)(+)-2-methyl butanal , (R)-(+)citronellal and (R)-(+) -6-methoxy-
4-methyl hexanal have been polymeriéed using an aluminum
/  triisobutyl catalyst.
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TN

1.4.1.2. Stereoselective or sterecelective goiymerizaszn of
racemic menomers

¢
— .

The second approach to synthesizing :aptically active

polymérs-héving chiral side chains involves the polyﬁerization

of sterically inhomeogenecus moncmers (eg.;racemic monomers.q:_a
mixture of diasﬁerecmers) with polymerization catalysts which

are able to discriminate between the enantiomeric or diastereomeric
forms of the monemer. Two versions of these eﬁantioselective
polymerigations are known;stereoselective poiymgrization ang .

stereocelective polymerization.

a steréoselective polymerization is ‘a polymerization
involving a racemic monomer which gives rise to é pblymer
containing macromolecules in which R or S monomeric units
exist in a larger percentage than tﬁat'cACulated'for a random
copolymer of the two antipodes. The Qccurence‘of EPis polymerization
cmzke;pnmmﬁ.experimentaily when it is possible to séparatekthe

cbtained polymer in to £ractions having optical acﬁivity of opposite
sign. (Scheme{21)).
»

~~ (R) (R) (R) (R) (R) ~m~

n(R) + n(s) racemic catalvst \_' )

~~(8) (8) (S) {8) (8)~
4

. . \
The stereoselective polymerization of racemic monomers

* Scheme (21)

u
i
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The sterecelective polymerlzation of a racemic monomer
is a polymerization process in ‘which one 0f the monomeric antipodes
is Preferentially polymerized. This is achieved by using an
optically active catalyst. In the ideal case, with ao’optically -
ol pui? catalyst, only one of the enantiomeric moncmers should

polymerize. (Scheme (22)). ~

n{r) + n(s) _ OPtically pure  _ (py 2y (n) (R)~m
- ' catalyst -

Ideal fsfg;eoeleotive polymerization of the monomer (R)
from a racemic monomer {R) and.(S)

Scheme (22)

S,

‘This, process is also known as asymmetrlc selective”
polymerlzatlon. It the conversion of monomer to oolymer is not
co plete,both polymer and recovered monomer will be.optiéally .
ective. This kind of polymerization corresponds to a kinetic

resolution of a racemic mixture. ;‘ I:y
The- polymerization of racemic 3, 7-d1methvl l-octene and
)3—m thyl-l-pentene has. been inves _gated by Plno.and co-workers
’ using, an optlcally active oatalyst prepe;ea f:om:%iCl4 and
bis (S)=-2-methyl butyl zinc.  The recovereé unpolymerized monomer
showed-measurable optical activity and the sign of its optical

rotation indicates. that,in both cases, the monomeric antipode’
. . *

preferentially polvmerized is the one having the same absolute

133 -
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structure as t:.he optically active 2-methylhutyl groups present
in the catalyst'mixturé. Different soluble fraétions-extracted
with organic solvents show varying optical activity.

Racemic I-methylpropyl vinyl ether has been copolymerized
with seveial optically active vinyl ethers all having an asymmeﬁrié
c%rﬁon atom directly bound to the oxyéen‘atcm, in the presence of

' héterogeneous catalyst systems suéﬁ as Al(O-i-C3H7)3-HZSO4.134

When (S)-1- phenyl ethyl vinyl ethér, (R)-1l-gphenyl ethyl vinyl’
ether, or (;)menthyl vinyl ether was used as optically active
comonomer the recovered unpolymerized 1- methylpropyl vinleéther
was optically active indicatiné that the process was stereoelectivef
The chemical composition and the optiéal rotations of éhe fractions
obtained by extracting the polymeric product with boiling solvents,
showed that the antipode of l-methyl propyl #inyl ether, which
according to the stereoeleétive-character of the process was
polymerized at avhigher ratet gives préferential%y’a‘fopoiymer
with the opticaily active comonomer. The other antEEgde givés

the homopolymer which renders the process stereoselective.
. ~ : . '

CZHS CH3 CGHS CH3
N/ /
’,C ' \T?C
5 ' \o - CH="CE'2 Hl; o—CE=CH,
(=) (R) methylpropyl | (+)(R)—l-phenyl; (>)(1R,3R,4S)nendnd,
vinyl ether ethyl vinyl ether . vinyl ether

. _ \;}gure (3)
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It has also been shown that stereocelective polymerizations

of racemic q—oleflns are possible with Ziegler-Natta Gatalysts
modified by additional of an opéic;lly active third cr:ampoma-nt.:[‘35
- Chiral intermal olefins, monomeric and polymeric aromatic
hydrocarbons, amines and esters have been used‘fof thése polyger—
izations. The sterecelective polymerization of. ¢-olefins has-
vbéen'done using (—)(a)pinené'as an oétic 1ly active componéit.

In fact both polymer aﬁd unreacted‘monom r were optically active
with opposite sign of rotation. No stereoelectioﬁ.has been

observed when (=) (a)-pinene was removed from the catalyst before
the addltlon of the racemic monomer. Thls lndlcates that\the
reaction of TiCl, and AlR, (Ziegler-Natta catalyst) in the .
presence of. {;)(a)pinepe does not yield active sites with a
.predominant absolute éonfiguration. The preferential polymer-
ization of the (-) (R) antipodes of the .c-olefin observed when

(=) -(az)pinene is present_dufing polymerization must therefore

be attributed to.an asymmetric perturbation of the cataiygt ;ites“
‘ c—methyl-q-n-propyl-B—propiolactone has been polymerized
at“éoom temperature' using typical anionic initiators (spartein,
Na, tetﬁahexylammonium benzoate) and a " stereoslective" initiator
made from a 1l:1 mixture of diethvl zinc and (R) (-)-3,3-dimethyl-
l,2-buta-mediol.136 The anionic initiators lead to racemic polymers
while the " sterecelective" initiatof éave an optically active
polymer. |

The stereoelective polymerization of (RS)-a-methvlbenzyl

; methacrylate (RS)MBMA with homogeneous cyclohexyl magnesium
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chloride and bromide-{-)=spartein system has been studied by
Ohta and co—workers:.L37 The system polymerized preferentlally
(S)-MBMA over (R)-MBMA. The optical purity of the monomer which
was polymerized in the early stage of the polymerizaticn was
greater than 90% and the optical purity of the unreacted monomer
was nearly 100% at about 65% polymer yield. This high asymmetric
--éelectivity was ascribed to the non-simultaneéus existence of
two different active.centers. One Sf themn, produced exclusively
in the initiation reactlon, polymerizes (S)-MBMA preferentlally
,and disappears at approximately 45-65% polymer yield.. The other
is them formed and pPolymerizes only (R) -MBMA. The existence of
these two centers was supported by the studies of optical .
rotatlon,lmolecular welght and tact1c1ty of the polymers as well

as by kinetic data.

(<) Spartien

Figure (4) -

The same cétalyst systems have alsc been tested in the

-

polymerization of methacrylic esters which have an asvmmetric
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center at the more remote d-position from the carbon-carbon

double bond-.l38 A monomer- such as 2,3- epoxypropyl

_ methacrylate (EPMA), when polymerized using cyclohexyl magnesihm—

. chloride (bromide) -(~)-spartein system,gave a highly isotactic,
optically active polymer which had not been obtained with

typical anionic catalysts such as n-BuLi and Grignard reagents.139

1.4.2. Polymers with optical activity due to the chiral

structure of the main chain

"In the polymerization of monosubstituted vinyl monomers
a chiral center is formed from a prochir#l center in each step of
the polymerization. However the final polymer which is obtained
is not optically acﬁive due to internal compensati@n%40_l4s
in 2 polymerization of this nature threetypes of polymer chains .

can be formed, (Figure (5)).

L
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(a) : {b) (¢)

Figqure (5)
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Atactic polfmers with an irregularly alternmating R and s
configuration (Figure (5) (a)) and syndiotactic polymers with
regularly alternating R and S configuration(Figqure (5) (b)) can
indeed be chiral,but the optical activity is intramolecularly
compensated and therefore not measu&able. Isotactic polymers -
(Figure (5) (c)) could givé £wo enantiomorphic chains begining
with either an R or S configuration. If the difference in the
"end gfoups is neglected, which is éermissible*in the case of
long chains, the molecule possesses a mirror plane and therefore
does not show anf optical activity. |

Optically activé polyvinyl or polyvinylidene poiymers
whose.pptical activity depends on the chiral structure of the
main chain are very rare. On the other hand,optically active
polymeré with main chain chirality from 1,2-disubstituted
olefins have been @éde%45 Homopolymers from benzofuran énd
alternating copolyﬁers from maleic acid are some of the examples
which belong to this category. Another group of polymers which

shows optical activity due tolthe'chirélity of the main chain are
140-145,147_

r

those obtained from substituted dienes.
Recently Wulff deduced by symmetry considerations three

types of structures where opéical activity due to chirality is
expected in vinyl and'vinylidene-poiymers;l48'150.One of them
would be the head-to-head pqumerization of the monomers which
will give rise to l,zrdisubgtituted chiral segments, (Figqure (6))

with a structure similar to that of the copolvmers obtained from.

l,2-disubstituted monomers. The main chain can also become chiral



(44)

par

if the substituent near the center of an isotactic pelymer chain
changes to the other side of the main chaln with respect to the
Fischer pro;ectron (Figure (6) (e). This type of rearrangement
have been named lnverse-drblcck isotactic" since each part of
the chain has in itself a strong isotactic structure. It is
chiral as it has one two-fold symmetry axis. This~type of
polymer-has not been synthesized yet. The third type of polymer
_ chain with main chain chirality can -occur only(&g_eopolymers
and Figure (6) (f) represents one of three posibilities. In the
copelymers ,triad’'I as well as the other two bossible triads
is asfﬁretric and polymers of this type should show optical
activiry.

Ar optically active polymer of the type shown'in(Figure (6)
(£)) containing asymmetric triads has been successfully synthesized

by Wulff and co-workers . ~46

As can be seen in(Figure (6) (£)) a
triad unit is made up of a monomeric unit with a B substituent
placed between two ﬁoncmers with A substituents. To prepare sﬁch
triads with the appropriate stereochemistry two monomeric units
were fixed stereospecificall;ﬁ%q,a chiral template molecuie and
then another moncmer'was.inserted between those two diastereosel-
~ectively during polymerization. The template molecule was then
removed from the po;ymer.

D-mannitol-1,2:3,4:5,6—-tris —0—(4jvinyl phenyl) boronate
(Figure'(7)(gﬂ has been used for this svnthesis. A comonomer can

be easily inserted between the styvrene units in the 1l,2- and 5,6~

positions of the mannitol derivative in the given conformation.
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The polymeriza;ion was‘car;ied out'by a free radical
technique using azobisisobutyronitrile as initiator. The yields
.were in the range of 60-90§ . |

The optical rotations have been meaéured in acetone-water
(10:1) solu£ion. Copolfmers from (g), (ﬁ) and (i) have shown
strong negativé rotation in contrast to the strong positive
Totation of the monomeric precursors,which indicates an asymmetric
induction by the chiral template. From labelled studies using
~14C labelled D-mannitol it has been shown that ﬁhe optical
Totation of the polymers des not originate from the pendant
template but from the chirality of the main chain of the
pPolymer.

The mechanism for the polymerization is givén in
Scheme (23). Monomers (g), (h) and fi) ;ll have C2 symmetry and
therefore radical attack of a growing chain at the (4-vinyl
Phenyl)boronate groups of the l,2ﬁpqsition'as well as the
5,6~position of the D-mannitol will result in the same product.
In the proposeddmechanism the growing radical first attacks
6nei6f the viiyl’;roups of (g), (h) 6r-(i) péedominantly from
the 6utside conformation of the vinyl group. In the second step
thé.newly fdrmed‘radical attacks a comonomer which shquld be
situated between the fwo (4-vinyl pﬁenyljboronate moieties.
This attack yields the asyrmetric inductién of the 'triad I,
induced by the chiral envifonment of tﬁe template molecule.

In the next step the comoncmer radical formed in the previous

Step attacks at the second (4=vinyl phényﬂjporonate ester residue



LS

thch produces a pseudoasymmetric centér in the resulting
‘triad I . Then the attack of the second (4-vinyl phenyl)-boronate

residue at another monomer completes the triad.

B
R3 L)l ‘0— !_'H- ~ o R3
’/)O B\O—-}:—-H ,
R'l ( H'—'Cl—-o\x
R2 EwC— 0~ >
O— C m—5 ' . '
’
r(:}-a
L/) \o—\c\-;;ﬂ y R-@

[

3 -

Scheme (23)

Another type of optically active polymer could be achieved

if one helical conformation of the polymer chain is preferred

. 125
over the other. The first attempt was by Murahashi, Nozakura et al. -—

who polymerized styrene,a prochiral monomer,with an anionic catalyst
vcontaining an opticélly active group such as optically active amyl
sodium triamyl aluminum combined with titanium trichloride.

However it was not successful.

Qkameoto et al.151

recently described a new chifal polymer
which was claimeéd to bé the first optically active vinyl polvmer
in which chirality is the result of the helicity of the polymer
chain. A high isotactic polymer with a lérge optical rotation

has been obtained by polvmerizing triphenvlimethyl methacrvlate

(TrMA) using a chiral anionic catalyst such as lithium s

-l
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S

(R)=N-(l-phenylethyl )anilide (LiAn) or (=-)spartein-butyllithium
complex (Sp~BuLi) . , p |

In . the polymerlzatlon of TrMa u51d§vL1An two diasterecmeric
anions (j) and (k) (Scheme (24)) are produced whose vields will depend an the -
stewe' (R) -N- (1-phenylethyl )anilino group. Subsequent
additions of the mnomer probably proceed with retention of conf:.gurat:.on
to form fully isotactic right handed and leﬁ§ handed polymers and

one of them will be _,formed predomnantly (Scheme (24)) .

Ph— N— Li

x|
CI:H_CH3 + TrMA
Bh | ITI
an” . \ : ’CI’
cC=0. s
. | x -
AnCHE,—C Li .
| An Li
'\ . CE,
L (k) .

Scheme (24

aann o o albet
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I.5. Aims of research

-I.5.1 Recyclable polystyrene-based polvymeric reagent for the

reduction of acid'chlorides to aldehydes

7t
Recent studies have “shown that bis(triphenylbhosphine)

copper tetrahydroborate is a useful reagent to effect the
coﬁve;sion of acid chlorides into aldehydes under mild
conditions - without production of side productsl52-156,
Significant pféblems which remain in these reductions are the
digg;;ult isolation of the aldehydes froﬁithe reaction medium
gﬂd the fact that the spent reagent is not readily recycled.

éhe latter is important as the reagent, wﬁich has a molecular
weight of 603, provides only one hydride equivalent per mole foé

the reduction. p

[(Ph),P],;CuBH, + RCOCl ——— [(Ph),P].CuCl + Rcao-;-“mj,

‘/”\,_
For these reasons it was felt that the use ©f. a polymer

as a ligand for copper tetrahydroborate would help alleviate
these problems, as the separation of the spent reagent from the
desired product would amount to a simple filtration and regener-

ation of the polymer should be easily accomplished. (Scheme

(25)).

RCOCL + [@®-?(Ph):1:CuBE. —— [(®)-P(Ph),],CuCl + RCHO+ BEH,

’

$ regeneration |

Scheme (25)
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I.5.2. The role of chelation in the formylation of Grignard

_Ieagents with formamide and a recyclabe polymeric

formylating agent for Grignard reagents.

.?hé Preparation of aldehydes from Grignard'reagents
using ZiN-fdrmyl-N-mgthyl)amiﬁopyridine has been described by |
Comins and MeyerslS57 ‘(Scheme (26)). The success of the
reaction was attributed in part te the: presence of an additional >
ligand (pyridyl nltrogen) whlch is thought to stablllze the
reaction 1ntermedz§te by the formation of a six-membered.ring 4
. .chelate. |
It appeared that this reactlon might YLEld better
results when carried out with £ polymeric reagent as an
1ncrease in chelate’ stabikity would likely be observed, thch

:

would allow the reaction to be carried out at room temperature

~

rather than at 0C° in perhaps higher overall yleld. An
additional advantage would be the enhanced recyclablllty of the
polymeric reagentﬂ

In a more recent report, Olah and A:"‘manac;.;l'xils'8 claimed
that chelatlon played no significant role in this formylation
_ reaction, as extremely hlgh ylelds of aldehydes could be
obtained in the formylatlon of Grignard reagents with a N-
formyl piperidine reagent which pdssesées no additional

stabilizing ligdnd for the intermediate.
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These conflicting clq;ms p:ompted us to undertake a
model study to determine which type of formylatlon reagent would —~
be best suited for incorporation into a polymeric reagent. The

r

model stqu was used in the design of several polymeric :eagents

which were tested in formylation reactlons. ) L ST
- a v
o - I
@ LCH, ~ RMaX @ g5,d @ CH; + RCHO
N II\T : . ?7 N N ’
* . H . . '
A -x-yzg,,iR.-- B
(9) 0 H ‘
Scheme (26) (i )
(_, < - co .
I.5.3. Chiral polymer-supported oxazolines for asymmetric
< synthesis - - ‘ ‘

The chiral ox7¢éllne approach159 to the synthJ@zs of

optically active carboxylic acids (Scheme (27)) appeared well

suited for the devefggeent of a polymeric reagent, as the

decrease in conformational mobility and the increase in

&
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»
-~

stability of thé reaction intermediate, which might result from
binding to a polymer \vért, would likely lead to increased
steroselectivities. sezZidition, thelpplymeric reagent would .
benefit from the usual.enhanced purification and recycling \
advantéges. Thus routes for the preparation of polymer bound

analogues of Meyers' oxazolines were explored.

g

* : /
R—CHy=C N
Ny o
OcH ,
. o g/
s _
n—cn-—cocm + «— R—‘IZH“‘ X
’I/l )
L N | R YT Toen, )
R - OCH, . <

. ‘ Scheme (27) v \

The preparatlon of optlcally actlve polymers of 1-

I.5.4. Synthesis of optically active polvmers

substituted oleflns, whose optical activity depends on the
ehlrallty of the main chain, is a goal which has long remained
unachleved Our aim was-to synthes;ze the optically adtive
polymer of a l—substltuted olefin in which main chaln chlrallty
would be obtained by chemical modification with concurrent

asymmetrlc induction.

-
AN
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r 11 _ Results and Discyssion -
‘II.1. BiﬂPolystyfyldiphenylphqsphine)Copper.(I)

Tetrahydroborate; recyclable polymeric reducing reagent.

Considerable intérest has been shown in the application
of transition metal hydrides in selective reductions. Reduction
of epoxides, alkenes,'alkynes'and alkyl halides haé been done
with reagents derived from tfeatment of halides of fitanium,
other first row transition elementsle; and zirconiuml6lwith
lithium aluminum hydride;‘ Reductions with transition metal
tetrahydrobotates in organic systhesis are rare. Lénthanide
tetfahydrcborate has been used in the Treduction of o,B-
unsaturated ketones to allylic alcoholsl®? and
bis(éyclppentadienyl)chlorotet:ahd%oboratezirconium (IV) hag?
been used to reduce aldehydes and ketones%63 In the past, the
gglecﬁive'reduction of acid chlorides to aldehydes has been done
with reagents such a; LiAlH(O-tBu )}64rNaz?e(C0)%65 and EFe (Cot§®
which demand special care during;}heir p;eparatioﬁ and application.
\\\ It can also be done by hydrogenatipd with Pd/BaSO4,known as

”f\\\\\\ Rosenmund reduction. Over reducdtion is sometimes a problem with this -

reagent.l89 : .

RCOCL reducing agent. RCEO

A novel reagent,bis (triphenylphosphine) copper (1)
tetrahydrocborate + (1) (Scheme (28)) has been developed for this

selective reduction and used to reduce a wide range of acid

o
Y
i



(54)

chlorides e their corresponding aldehgdes under mild conditions

in very high yiéldslsz'lss, (Scheme (28)).

A E S f\
[(ph),P],Cu\H/ B\H + RCOCI -——-—-—> [(PR),P],CuCl+ RCHO + BH,

) Schemeiigg)

In thelr concludlng study of ‘this reactlon, Fleet et .
al.155,156 jndicated ;however, that the major problem in this
reactlon is the separatlon of the aldehyde from the reaction_ )

‘mlxture. " sach a problem can obviously be alleviated through the -
use of a polymeric reagent, as both the unspent reagent and its
byproduct remain firmly bound to the pPolymer throughout the
reaction, allowiﬁg recovery of the product by a simple
filtration process. This'can be accomplished by repiaéing
éithef one or both of the triphenyl phosphing:ligands in
bis (triphenylphosphine) copper (I) tetrahydroberate by analogous

polys;yryldiphenylphosphine*ligands.
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Polystyryldiphenylphosppine (3) (Scheme(29)) was

prepared according to the literatured45,60.  The crosslinked
polystyrehe beads were first ring brominated by tfeating with
bromine and a cataiytic amount of ferric chloride in carbon
tetrachloride. The-polymer obtained after the bromination‘
showed a caﬁgzzty of 5.1 meguiwv/g which is close to the maximunm .
for 1ncorporatlon of one bzomlne atom per aromatic ring. ,
'Polystyryldlphenylphosphlne was made by reacting the brominated
polystyrene w1th chlorodlphenylphosphlne in the presence of b
lithium metal and, in a typical reaction, the polymer cbtained

" had a degree of functionalisation (DF) in the range of 0.8 -0.9,

-

4CH,-cH}  —BEi .  _cH,-cHr Ln:_t_u:_, {CH, ~CEN -~
© @ Q@ o,
' | : ' Br : ® (Ph), :

- | | (3)

- Scheme (29)

Polymeric phosphine (3), was then used to bind copper (I)
chloride. Several different ﬁethods were tested to effect this
binding; best results were dbtained with a2 ligand exchange ' @

reaction involving treatment ‘of  the po&ystyryld1phenylphosphlne

{3) with cuprous_chloride - N N,N',N'- tetramethylethylened1am1ne
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complex in acetone 1Schéme(30)).' This reaction

(/;an.lead to essentiali&_comgletg functionalization of the
phosphine sites on the pqiyﬁer. The polymer-~bound copper
tetrahydroborate reagent (6) can be cbtained very easily by
treatment of the pSIymef—CyCl complex (5) with excess sodium
borohydride in ethanol, followed by washing of the polymer to
:emdve any uhbound borohydride. This reaction ylelds a
polymeric reagent with a capacity of up to 1.6 mequlv. of boron

per gram, a value whzch is comparable to that of the analogous

-

- monomeric reagent.

CHy CE,
_ N\. (Ph},
-. : : 2
.. CH . AR
®-reh): + [ & cucr1 - ®\ gucl
) > P
-~ (Ph),
N\
CE, CH, (3)
(4) ' . NaBH

(Ph) ,
P
C)// \\\Cu //H.\\ B (/,
TN PSS N o N H
(Ph), '

H

‘ - _ (8)

\\\ - ) Scheme . (30)
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Another interesting approach was made for the
preparation of the polymer supported éopper (I} tetrahydroborate
reagent, and it involved the use of both polymeric phosphine (3)
and monomeric_triphenylphosﬁhine to bind the copper. The
advantage o§ this procedure Qas that only one of the polymef's
active sites was required for the bfndin§ of eaéh molecule of
cuproué:éhloride (Schemh-(3l)).

l.Cugl - TMEDA

(® -p(Ph), + P(Ph), — [(® -P(Ph},],CuCl[ P (Ph),]
' _ : 2.Filtration :

Yy
(7

Scheme (31) e

ﬂPolymer (7) was prepared by dispersing (3{ in a ccnecen-.
trated solutidh of triphenylbhosphine ' removing mosﬁ cf the
solvent by evaporating under :educé& pressue, then adding an
excess of CuCl-TMEDA complex in acetone and allowing it time to
equilibrate. The polymer was filtered and washed thoroughly to
remove excess CuCl-TMEDA complex and triphenyi phosphine.

Treatment of this polymer with excess sodium borohydride

in ethanol at room temperature afforded the:polfmeric reagent

(8)'f5cheme (32)). ~

S
NaBH,
[@ -P(Ph),], CuCi[ 2 (Ph)s}, ——> {@-p(Ph),]xcmam[ P (Ph);],

(7 ' : - (8)

Scheme (32)
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The advantage of this method was that a largeri!Eount of
Polymeric reagent can be obtained from a given amount of
- polymeric phosphine (3). Polymer (8) also had a high capacity
of 1.5-1.6 mequiv. B/g.

When using polymer (6) or (8), care has to be taken to
exclude water from the reaction medlum, as 1t would hydrelyze
the ac1d chloride to the acid. )

In order.to determine the actual capacity of the
polymeric reagent, a reaction was designed in which 2 mmol. of
acid chloride was treated with 1 g of . the polymeric reagent.

The results of these reactions are shown in Table (3). Since
the maximum cepicity that can be achieved with this polymer is

. 1.5 - 1.6 mequiv/g, the yields of the aldehydes obtained for. the
reduction reactions were excellent and close to the calculated_-
maximum of 75%. In addition to some unreacted acid chloride,
some side product was also seen. It was found by the comparison
of G.C. retention times that the side product was neither the
alecochol, which ceuldlresult from the over-reduction of the
aldehyde, nor the acid, which could result by the hydrolysis of
the starting acid chloride. This product must arise from a side
reaction in which the polymeric reagent does not participate, as
almost all of its reactive sites were consumed for -the
reduction. 1In order to overcome this problem,an excess of
polymeric reagent was used for the reéuctions.

Reductions were carried ocut using a 50% excess of poly-

meric reagent with respect to acid chlorides and, in a typical
o

e

reaction, 1.5 g of polymeric reagent in 5 ml. of solvent was
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treated with 1 ﬁﬁol. of -acid chloride and the reaction was
monitored by gas chromotography. The results obtained in these
reactions when aceténe was /used as the solvent,aﬁe shown in
Table (4). The data also 1ncludes results obtained in reactions
involving the recycled reagent. The yields were almost
ﬂquantitative and no.side reactions were seen. It 1s-also
apparent.that the recycled reagent is just as effective as the
freéhlf prepared feagént and that no léss of activity occurs
during regeneration. . N

Regeneration of the spent reagent amounted to a new =
reaction with sodium borohydride. (Scheme (33)) No neﬁ additioﬁ
of cuprous chloride was neéessary as no leaching‘of'coppéé salts

from the polymer was observed durihg a tfbical reaction cycle.

(Dh];. ‘- — (bh):
k>4
@/ \Cu < ™~ 3 / RCOC1 ®/P\ CucCl + &”
N o P N .\\P”’
(Ph), ) {Ph),

0
CH
+ BH3

(8) {5)

T ‘NaBHy

REGENERATION
Scheme (33)
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Table (3): Reduction of 2 mmol ©of acid chloride with 1.5
- mmoles of Reagent (6)

Q Product Analysis %

Acid Chloride | Starting Material |Aldehyde | Other
CH, (CH, ) s COCL 13 68 19
CsEsCOCl 7. 73 20

Table (4): Reduction of acid chlorides with 50% exc®st of polyvmeric

‘reagent (6) o o
Reaction cycle (Yield of aldehyde)
Acid Chloride * -
1st cvcle 2nd cvele 3rd cvcle
CH, (CH,)s COC1 . 96% . éé 91% _ 94%.
CeHn, COCLF 96% 93%
CsHsCOCL 100%

* Regeneréted reagent used in. 2nd and 3rd cycles

# CsEyy; = cyclohexyl

G



(61)
2

Thé best solven£ for the reduétion was found to be
acetone and\the reactions were very fast‘at room temperature,
usually céhplete in 15 min. or less. The aldehydes were formed
free from any alcohol. ,E;her and ether/toluene‘(l:l) were also
found to be satisfactory solvents for the reduction. Benzene
and toluene were not satisfactory; reaction rates were slow and
the yields of aldehydes were very poor (30 - 40%) when the |
reductions were done in these solvents; This could be dﬁe to
the polar copper tetrahydroborété'groups present in the polymer
which make the polymér more polar 3dnd thereby restrict the -
diffﬁsion of reactants to the reactive sites of the polyﬁer in
less polar solvents due to reduced swelling.

During some regereration reactions the polymer became
black in colour instead of the usual brown, but the reactivity
and the capacity of the polymer did not change significantly.
This could be due to the reduption of some copper (I) to copper
(O)lwhich became deposited on the polymer. The black colour of
the polyﬁer was probably dﬁe to an oxidation of the copper (0)
film on ;he pol&mer to‘éopper oxide. The amount of copper used
for this conversion was so small that it did‘not affeét the
reaction rates and yields. ‘

However, this shortcoming was completely eliminated by
using a very small amount of triphenylphosphine (2-3% with
respect to the reagent) in the reaction of thetfpent reagent

with sodium borohydride.

T =
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These results show tgat the polymeric reageht {6} is an
effective'and_fully‘recyclable polymeric reagent useful in the
reduc;ion of acid chlorides to aldehydes. It had a capacity
which:was essentially as high as that'oﬁ }ts low molecular
weigﬁt counterpart and the two-reagents have approximately the
same reactivity. The polymeric reagéng?yas easie? to use and-to
recycle due to the ease with which it can be removed from the
‘reaction mediuh once the reduction is éomplete.

_Whiie thé work on this polymeric reagegt'was in progess,
Sorrell and Pearlmanl67 reported the synthesis of a simiiér
polymeric reagent using a different route. (Scheme (34)).
However, this reagent could only be prepared with a low capacity
of approximately 0.5 mequiv/g; therefore much larger amounts
were required to effect'the~reductions and in addition, yields

did not exceed 70-75%.

I

1. CuCl/CH,CN _ .
® - »(ph), 2 y [(® -P(Ph),].CuBH,

r

2. NaBH. . v

Scheme (34)

fte
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The superior performance of the polymer18>reduc1ng
reagent described in this thesis can probably be attributed to
the fact that efforts were made to maximize the'loading of
copper on the polymeric phosphine 63). This was achieved with a
ligand exchange reaction by using CuCl-TMEDA complex in acetone.
In contrast,the redQEnt descrlbed by Sorrell and Pearlman,
prepared in CH3CN, has a low loadlng of copper with a capaclty of
only one third of the reagent described in this thesis.
Therefore  this w111 requlre the use of large amounts of polymer -
for the reductions whzch could'an fact 1ncrease the chances for
side reactions. The large volumes of so;vents which are
involved will make thevdty conditions required for the reactions
harder to maintain. The recycling of'thisrpolymeric reagent is

. . . . . N
mot a real advantage as it is far inferior to the monomeric

“ reagent.

IT.2.2. The role of chelation in the formylation of Grignard

reagents with formamides

* A number of methods are available to form aldehydes from
Grignard reagents, but they involve at least two'steps; the '
formation of an aldehyde precursor and then conversmon to the
aldehydel68-172, nmhe vields-are normaliy low because of the

number of steps involved. Formylation of aromatic rings can be.done

by the Vilsmeier reaction with diswbstituted formamides and PCC1,.

LY
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An efflcient one step reactzon to formylate Crxgnard reagents to
give aldehydes using 2—(N-formyl N—methyl‘gmznopyrldlne (9},
(Scheme (26)) was descrlbed recently by Comins and Meyersl57.aaA
w;de range of aldehydes have been prepared from their "
corresponding Gyignard reagents’under mi;gwconditions in very N
good-yields with thisﬂreagent. .Although Grignard'reagents have
been réported'to undergoaformylation-uith dlsethylformamide;
the yieldf were uot verf'high} "The success of the reaction with
2-(N-formyl N-methyl)aminopyridine has been attributed in ‘part
to the presence of'an'additional ligand (Pyridylrnitrogen) which -
could stao;lize the 1nclplent aldehyde through the formation of
a 51x—membered r1ng chelate. (Scheme (26)).

The‘efflclency of the reagent, minimum side products and - "

the .easy qecyclablllty of the spent reagent make it an, 1deal

‘case to be used on an lnsoluble polymer support. By u51ng a
polymer support the above reactior, will be benefited by all the
advantages assoc;ated_::jffsupporzed reagents.

' T om A n r of alkylformamldes (9)-(1//fTScheme
S

"{35)) were consmdered for posszble graftlng to-a polymer

- support.' Whlle thisg work was in progress the report of Olah and
Arvanagh1158 appeared which suggested that no additional llgands
were lg\iac% necessary for this reaction to be-successful, as N-
formylplperldlne {14) also gave excellent results in the
formylat;on of Grlgnard and organollthlum compoudd; -

s
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< . N CHO
. ‘ N"N\
CH:

{10)

@CH, ?N 7

hord

o _
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{17

Scgme (35)
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i In our investigation, formylation reaceions of Grignard
and organolithium compounds -were studled using reagents (9)-
(18). For the first series.of comparative studies phenyl
magnesium bromide was used™and its reaction with reagents (9=
(18) were studied under the conditions described'by Meyersl57
and by Olah and Arvanaghil53 In a typical reaction, the
formylatlng reagent was reacted with phenyl magne51um bromide,
in sllght excess (Meyers’) or in- st01cheometr1c quantzt:es
(Olah's) at 0°C in TEF. The reactlon was monitored by thin
layer chromqtography and quenched w1th 5% HCl.  The products
were isolated by column chromotographg and the results are shown
in Table (5).. It is clear that the yields obtained using the
two metheds ar: Fuite similar and can be considered identical

-

within experiﬁent;l erroc. -
The formagid{\feagents 2- (N-formyl N—meth%m)amlnopyrldlne (9),

N~ (N-formyl - N-methyl)amlnoplperldlne (10), 2=-(N-formyl,. .
N-methyl) amino pyrimidine (11) and 2~ (N-formyl - N-benzyl) amino -
Pyridine(13) all gave very high isolated yields of bénzaldehyde

' ?ithéut.any side éroducts. All the other reagénts 2 (N~ -
formyl-N—methyl)thiazole (12), N-formyl piperidine (14), N- :
formylg?rrolidine (15), 2-methoxy(Nﬁﬁormyl-—N—methyl)aniline\ . >
(18), (N-formyl-N'-benzyl)piperazine (l?i and DMF (18) gaée lower

, isclated yields of benzaldehyde with a significant amount of the secon-
dary alcohol benzhydrol which might hage been produced. by reaction "

of benzaldhyde with a second mole of the Grignard reagent.
’ )A

7 rel ’ ’
. . . . L



Table (5): Reaction of PhMgBr with Formamide reagents.

{67)

1

- % Yiéld-(lsolate'

PHCEBO* (Ph) F] CHOH
CHO '
'-@.N/ 79 0
(9)
‘ CEHO
N-N( 85 0
o aoy B
= CHO :
& >N 84 0
cH,
an . |
[N~>-N/' 66 11
§° " Scm,
(12) —4
N\ -5 77 0
=N \ =
(13) CEa? -
{( wN-cmO 61 (64) - 14 (15) .
(14) . '
l ‘N == CEO 63 9
(15)
.
>[::1~N{CHO 60 11
OCH, “CH,
©{16) .
—\ .
@CHFN N—CEHO 65 . 9
N/ )
(17)
CH, _
>N-¢Ho 69 (66} 9 (}}
CH: ! o> N ’ /
« (18)

-

k4
-Yields for-reactions carried out under the conditions described
by Mevers or by Olah for values in parenthesis.. '

P g T
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As can be seen in Table (5),. best results .were obtalned

-4
B, SR PN

with the reagent (10), which affords an excellent vield of benzaldehyde

without any trace of benzhydrol. ThlS reagent. can form a flve

- - membered chelate Lntermedlate, as shown in SCheme (36), whlch is

resistant to further reactlon with the Grlgnard reagent.

\Mg-O R T

/ N

: -

- . < ’\’ :
Q
+ R-CH

Scheme (36)

Both reagents (14) (used by Olah) and (15) gave less

»*

satlsfactory results with a significant amount of benzhydrol

belng produced, which Indicates the poor stablllty of the

-“ p 4
\»f,’.‘

lntermedlate and some attack of the liberated benzaldehyde by
M‘

the Grlgnard-:eagent. (Scheme ’37)).
' ?MgBr . -
. PhMgBr + N — CEHO ——> N =~C=Ph —» NH + PhCHO
+ (Ph),CHOH

gcheme (37)

(3
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The high yleld reported by Meyers for this reaction
with reagent(s) was accomplrshe 'or even bettered without any
dificulty during this stqdy. Although the report in the litera-
ture by Olah claims yield of 96% \for the same reaction with the
reagent (14), in our hands a maxrmum yield of 60 64% of
benzaldehyde was obtained with up to 15% of ben@hydfbl
byproduct .

Little chelating effect was expected in the reagents
(12) and (16), due to the weaker donating ability of the
additional ligands‘present and, in fact,they gave inferior.
yields of benzaldehyde with some benzhydrol in their reactions
"with phenyl magnesium bromide. ﬁith (17) the extra ligand rs
located too far from the reaction center to have any chelating
'influence and benrhydrol formation was also cobserved.
| Similar results were obtarned in reactions with. other .
Grlgnard and organollthlum compounds as shown in Table (6). The
- influence of the-reaction temperarure is clearly evident,as a

small amount of secondary alcohol was formed even with the

. reagent (10) in the.;eactiéh with the Grignard derivative of phenyl-

acetylene or with'phenyllithium at-OZC.- When the - temperature
was lowered to -10°C the secspdary alcohol was not formed. This
is in agreement with the observatlons of Lomins and Dernelll75
who were able to prepare msymmetrical eecondary alcghéls in
excellent yields by succeSsive'reactioa‘of'2—(N-formyl-N—
methjlhminopyridine ‘with two different Grignard reagents

added at 0°C and 65°C respectively.
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Table (6): Isolated yelds of aldehydes (alcohol
- of selected formamide with RMgX or RLi at O and 10 C.

4

n the reaction

formamide
' CH,
CEHO |. CHO _ .
© Grignard { N-n~ <: --N: {° N-CHO >N - CEO
reagent \‘CE, CH, ~ CH,
10) (11) {14) (18)
oC*® |=10C*° oc®e oCce =10¢° QC®° -10C®
PhCE,CH,MgBr (86 (O) 81 (0) 71(9) 67 (14)
Ph-CEC-MZEr |73 (1) #0(0) 60(12) 68(10)] 64 (10
Ph-C=C-Li = {92 (0) 71 (6)
Ph-Li 79 (5) [81(0) [ . 81 (0) | s8(18)| 69(9)| 70(9)
Ph-MgBr 85 (0) 84 (0) 61(4) 69 (9)
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The formylation of a ring lithiated 1% crosslinked
polystyrene has been used extensively to prepare reactlve
reSLns containing v1nylbenzaldehyde units83, The reagent of
choice for this reaction is usually DMF, whzch is used in large
excess to quench the lithiated resin. Further studies were -
carried out regarding the formylaﬁion of ring li:hiaﬁed
- polystyrene using the ieagents (10), (15) and (18).  All the
reactions were done‘under the same conditions using exactly the

same proportions of reagents. {Scheme (38)).

TG-CH,-CH;}— n.Buli —{CH,-CH formamide -('CH,-C'H-)-‘

B

© Br Li CHO

Scheme (38)

Brominated polystyrene was reacted first with n-BulLi in

benzene. .The excess n-BuLi was removed by washing and the
l;thlated polymer was then reacted with the formamlde in TEF.
These experiments revealed that while ‘excellent results can be
obtalned when a large excess of DMF (18) is used, the reaction
is 'unsaelsfac;ory when it is used in equimolar amounts, as

interactions between the reactive sites of the polymer result in

the\?o:matzon of a 519n1f1cant amount of the polymer-bound
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secondary alcohol. Even the reaction with a three-fold excess

of DMF afforded a product in which only a very small amount of

carbonyl could be seen in the infrared spectrum of the polymera.—

. Similar results were observed with the reagent (15} when used in
equimolar amount or three-fold excess to formylate the lithiated
polystyrene. In contrast, very little alcohol was observed in
ﬁhe_product obtained with the reagent (10) when used in |
equimolar amount or three fold excess.‘ Thé infrared spectrum of
this polymer showed a larger carbonyl absorbtion at 1701 cm‘l
than that seen for the polymer obtalned with DMF under the same
conditions, indicating the presence of a 51gn1f1cantly greater
amount of aldehyde groups.

In order to have a rough estima;ioq of the amount of
carbonyl present in each of these polymers, obtained by the
formylation of lithiated polystyrene'with {10), (15) and (18),
the polymerlc aldehydes were converted to their correspondi
oximesS by reactign with hydroxylamine hydrochlorlde in (?;ggﬁ\

pyrldxne. (Scheme (39)7).

e, -c —CH, ~Chi
. NH; OH.HC1 _ @
4 pyr. ' :
+ CHO : HC=N-0H
. or
(® -cu=n-oH
- Scheme (39)

=
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The polymer .-CHO, obtained by the 'formylation
of (:)-Li with a large excess of DMF (18), showed the most
intense carbonyl absorbtion in the IR spectra and, as expected,
the corresponding polymerlc oxime had the hlghest nitrogen
content of 3.618%. (Table (7)).(:)—Caoobtained from the reaction
of @-Li with (10) gave a po.lymeric 6'xiﬁe with 2.38% nitrogen
‘whereas the polymer(:D-CHO resulting from the reaction (:)-Li
of with (15) gave a.polymeric oxime ha&ing 1.92% nitrogén,
(Table (7)). The polymer obtained with three fold excess of
Dﬂé was the worst of them and had only 1.23% nitrogen. The IR
spectra of these polymers did not show any bandslcorresponding
to carbonyl absorption,indicatiné that the oxime formation
reaction was essentially quantitative.

This extensive study indicates that the presence of an
additional ligand group in formamides offers a sigﬁificant
advantage, as the final aldehyde obtained will be free of any
secondary alcohol byproduct. Reagents (8}, (10) and (ll) all
gave excellent yields of aldehydes without any byprdduct when '’

* the rea;tions were done at 0°C Of.at-LIOOCﬂ' All ‘three reagents
have a second nit;ogen atom in the molecule which could take
fpart in thé-formation'of a five‘or six-membered ring chelated

intermediate during the reactions with Grignard or organolithium

' compounds. The reagents without such additional ligands {(14),

‘115). (17) and (18) or reagents having additidnal ligands with
pPoor donor properties gave lower yields of aldéﬁydes with
significant amounts of the secondary alcohol. Therefore, it is

quite likely. that the formation of a five or six-membered ring
: / ‘ '

-~ ’ “
.

b
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chelate intermediate occurs in the formylation reactions of
Grlgnard and organollthlum compoundsiwzth reagents of the type
(9), (10) and (1l). Reagents (12) and (16) will also belong to
this category, but the riné chelated intermediate must be too
‘weak to prevent the foﬁmatioq of secondary.alcohol.
It was also observed that the stability of this intermediate is
temperature dependent. Lower teméeratureé make it more stable
and result in better vields of eldehyées. This is also true
for the reagents without any additional ligands,but in such
cases much lower temperatures may be required for the prevention
of the side reaction. NThis may not be worthwhile as it may
decrease the reactivity of the reagent which would result in’
longer reaction times. ‘ .
Otherfevidence available to support the existence of
these chelated intermediates was reported by Nahm and Wenerall76
for the reactions of N—methoxy—N—methylformamlde wlthGrlgnard and_
organollthlum compounds. - ‘\VA

Reagent (10) is probably the reagent of choice for the
clean formylatlon of Grignard and organolithium compounds as it

gives exce

ent yields of aldehydes w1thout any secondary

alcohol. wever ,it should be noted that adequate results can

. 2
be obtained with the more readily available DMFL173,174]
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Table (7): Nitrogen analyses of various polymeric oximes

(75} 7

,

-

]

- (B —cHo

% Nitrogen in

CH;_
3 fold excess

) CE,
3 folé excess

®-ri + CN-CHO (15)

' _ 3 folad excess’

from (at room remperature) —CH=N-OH
..\ —
N CH; -
@®-11 + > N—CHO (18) 3-61
CH, . |
large excess
A CH, ‘
®@-uix > v-cHo (28) 1-23

| . CHO
® -+ { N-N/\’_,l (10) ) 2-38

4
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II.2.§..Polymer-supported formylation agents for Grignard.

reagents ' . -

Having completed the study of monomeric formylating
reagents we proceeded to apply these results to the preparatlon
of polymer supported reagents. Three fo;mamldes were selected

.to bind to the polymer, (Scheme(40)).

Frl

| o : . |
- S | % £
- CHO CHO  —
N—-NT ). ¢ HN N - CHO
‘ NH w,  OEH A4
(19) (20) (21) ' =<2

Scheme (40)

The.reagents (lB)"éqd”(ZO) were selected as their N-
‘methyl derivatives were very successful in_forﬁylaéion of
‘ Griénard‘and prganolitﬁium compoqnds,giving exc:llept yieldé of

aldehydes free from secondary alcohol. _Compouingz;L.&as also

selected as it has an amino group remote from the'formyl g;oué
and therefore may be easier tq attach to the polymer support.

Dﬁring the preparation of 2= (N-formyl = N-benzyl) amino
pyridine, we found that benzyl chloride did not react with 2(N-
formyl) aminopyridine .in the presence of potassiuﬁ tert.
butoxide and benzyl bromide had to be used. Tberéfore the

‘preparation of polymeric reagents from 2-(N-formyl)amino-
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“pyridine and N-{N-forr-nyl.) am'ino;:'i.peridine cannot be achieved with

rhe readily available ®-CB=C1 In order to o;rercome this

problem the more reactive ®-CH»¢I was prepared by reacting ®-CH,‘C\-/
w:.th sodium iod:.de in acetone. The galn in we:.ght of the _

polymer after the react:.on confirmed that the replacement of

chloride by the icdide was close to lt}b%, (Scheme (42)).

.~ - ~{CH,-CH} . NaT -CH, ~CH}-
R : - ' : ;
g\cerone ' S %
| . o :
Scheme (42)

Starting with poiymer ®4’CHnIhaving/2\'9 niequiv. I/g, a

polymeric reagent (23) with 3.01 mequ:.v.t\N/g was obtalned as

\va’\- \
shown in (Scheme (43)) Y
{"-.*-
= _CHO 1. tBuOK,THF . - . ,= CHO
\ ¥/ N\ > - . \ Ié N\ .
B _ 2.@-@5,; | CE,— (®
' R L
. - i
i " Scheme (43) \ ' - .

e
o
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Similarly, a polymeric reagent having N{N-formyl)amino
piperidine group (24) with 3.6 meguiv. N/g was obtained. <

(Figure (8)). f

CHO
s,
N =~ N_

24y (@

Figure (8)

In the case of N-formyl piperazine (17), the amino group
_has no influence from the formyl group and therefore will bé
" nuclecphilic enough for an alkylation reaction with(®) -CH,Cl.
The alkylation was thé:efo:e carried out directly onC)-CH,Cl in

DMF at 90°9C usihg exdess N-formyl piperazine, (Scheme (44)).

-

DME

.
(@ -cu.c1l +m¥  N-CHO ——y cH,—N N=CHO
p— 90 ‘¢ —/ -

Scheme (44) (25)

Using C)—CH,CI with 2.5 mequiv. Cl/g, a polymeric

reagent (25) with 4.0 mequiv. N/g was obtained.
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The formylation of phenyl magnesium bromide using these

' polymer-supported reagents was studied. In all cases the

reactions were done using a 50% excess of the Grignard reagent

with respéEt'to the polymér. After hydrolysis, the aldehyde was

-

isolated and the spent reagent was regenerated by an exchange

with phenyl formate, a reaction which produces phenol as a by-

product, and the formylated polymer was filtered and washed.
(Scheme, (45)). .

CHO 1. THF B . '
- g -
CN-N + PhMg@Br ————> - N-=N + PhCHO

\CH:_® 2. H, 0" : ) \CH2_®
- L PhO?.H : }

Regeneration

Scheme (45) &

The results of the formylation of phenyl magnesium
bromiée with polymeric reagents (23),I(24), énd'(ZS) are shown
in Table (8). 1In all cases, the yields of aldehydes isoclated
were lower than 65% with resééct‘to the estimated capacities of

the polymers (from N analysis). This suggesfs that the polymer

"had fewer reactive groups than calculated from the available

analytical data. No Benzhydrol‘was found with any of the
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polymeric reagents including that derived from piperazine.
Although (25) has no additional ligand for chelation, this
surprising fiﬁaing may be attributed to a polymer "backbone
effect”. Although meny"authors have cited the . .occurence.of a
"backbone effect'7'15 to explain the success or failure of
polymer—supported reactions, this effect remains largely
unexplained with few exceptionsS58,185-6, 1In this instance the
’"backbone_effect" is likely an increase in stability of the
" polymer-bound intermediate, which does not -break down until
hydrolysis, and thus, is not accessible for further reaction
with ehe Grignard reagent.

Although the polymeric reagent, despite its
recyclablllty, is not fully satisfactory in its performance Wlth
Grignard reagents, it lscéEZEEE 2s a probe of this so called
"backbone effect" Thus,it is expected that if the polymer does
indeed contrlbute to an 1ncreased stability of the intermediate
formed by reaction ‘with a Grignard_reagent, then, the use of
higher reaction temperatures should be possible witheut |
obseréing the formation of secondary alcohol side product.

Formylation of phenyl magnesium bromide.with y
polymer-(ZS) at 60°C gave a similar yield of benzaldehyde while

no benzhydrol could be detected in the reaction mixture. This

finding is in sharp contrast with the results obteined uSing the



-monomeric reagent (17) which gave a product containing a
significant amount of benzhydrol even when the reaction was

'cazried cut at 0°C., -~

<"

Tablei(B):.Yield of PhCHO in the formylation'of PhMgBr using polymeric
= readents (23),(24) and (25) at room temperature.

: £ of PhCEHO :
Pglymerlc reagent lst cycle 2nd cycle {3rd cycle 4th c);cle
~\ ! ’
(®~—CH,~N N-CHO 62 59 61 63
‘ N . )
(25)
{ n-nz%0 . 64 55
CH:‘@ ’ ' e
(24) ‘ <o i
CHO
7\ N/ .
=N CH,-(® 58 y
(23)

II.3. Chiral polymer-supported oxazolines for asymmetric

synthesis

Carbon-carbon bond- formation is a2 valuable tooi in®

organic synthesis and asymmetric carbon-carbon bond formationis of

even greater signﬁficance. Meyers and co-workers developed a
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technique which involves ca:ﬁon-cafbo,_bohd formation with the .

[ R S T ]

simultaneous creaﬁion'oﬁ_a new chira centef in their synthesis
of c-substituted alkanoic acidsl’?In this syothesis either the
"R or the S enantiomer of the chiral alkanoic acid can be made in
predictable manner from a single achiral substrate with high.
;nahtiomeric purity. Tﬁe Chifﬁl reagent employed fo£ this study "
was the oxazoline (27) , (Scheme (i%)) readily prepared by
reacting the commeréially available dibl, (lS,ZS)-(;)-l-phenyl-

2-amino-},3-propane diol (26), with imino ethers or orthoes;e:é.

S R

' . Ph
R—carcl i
.7 mm.mel EO e 0 2
or - OH 7
‘ . z > R-CE, ~C_ -
R"CH_;\-C (oEt) 3 \ Pesy
OH
(27)
1.NaH
2.CH, I
. o @ _— .
“p-dp-c’ j/ ' 2 ?
Ny A, 4+—————  R-CH, “C o o
-y d 1. LDA N~y
(30) »OCH, 2. R'X _ (28) OCH,
HyO" '
. RCH,C(OEt),
or
« P 5O, L9 . g+
R-CE~- C + ! RCH,~C~ ™"
I “oH . N
R . oy . NE.EC1
BN )
(31) 2 OCH,

Scheme (48)

*ad
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"McManus and co-worker5133 attempted to creat a polymer=- -

'suppo:ted reagent by attachement of oxazoline (27) to ()-Cx,cl
through the free hydroxyl group. The qhemical and optical
yields obtaiheé using this polymer supported reagent were
inferior to thoﬁe'obtained using the monomeric oxazoline.
Similar results by others in this laboratory 57a confirmed these
observations. EBarlier attempts from tﬁis laboratory57 includea
several approaches to the functiohalizétign of the aromatic ring
of (26) for the'eventual,incorpo:a‘ﬁon of a vinyl group.
Aithough this approach met with 55;; limited success with the

preparation of a styrene analogue of (26), the extremely low

yleld obtained in thls synthesis made it impractical for further

con51deratlon.

The poor chemical yields observed by McManus and co-
worke;; were due to the incdmplete hydrolysis of the bulky
oxazolines. When longer reactioﬁ times or more strongly acidic
conditions were used to improve the chemical vields, some
damaging side reactions, such as cleavage of benzylic ether
ligkages which results in the loss of amino alcohol residues
. from the Polymer-support, haﬁe been observed.

In order to improve the chemical yield of the optlcally
active carboxyllc acid obtained from the POlymer-supported
‘chiral oxazolines, we thought of using a stronger linkage
between the polymer and the oxazoline which would resist the

strong hydrolytic conditions. The phenyl ether linkage (32)

s
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TR L
p

He1 ,ost
CH: CH: "'CN > CHJ cgg- C )
EtCH NH.ECL
(53)
HO IQS
E,N "\OH
\
Ny
Ve o
CH,CH,-C \de < l'NaHI CH,CE,-C )/
N “71 2.CH, \N_ ’1
. OCH ' : OH
(54) 3 (33)
H,07
EO )
CH,CH,COOE + )/
B¥ g,
(29) |
Scheme (54)

Reaction. scheme for the preparation of amino alcohol:

159
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"would appear to be suitable in that tespeéf. Before attempting

to develop a'new polymeric reagent we_dndertook model studies’
1 T

" involving compound (33). (Figure (9)). _ i

o N O\/N
ce
R R
(32) (33)

Figure (9)

"\
Our approach to the synthesis of 4-phenoxymethyl

oxazoline (33) was based on the hydroxymethyl oxazoline (35),

which was obtained by reacting the imidate of propionitrile with

(1S,28) - (+) ~-1-phenyl-2~-amino-1, 3-propanediol (26) (Scheme

(47)) . The hydroxyl group could then be converted to a better

leaving group,  followed by nucleophilic displacement with

phenclate anion to'yield the 4-phenoxymethyl oxazoline (37).

‘ o @
HC1 OEE y
CH,CH~CN ‘-3 CH,CHsC ——>  CH,CH,—C _
' EtCH N NSy
NE.BC1 N ,
- BE
(34) (35) ©

(o] .®
-° ¢ y CH,CH,~-C
Q o=
CH, CH,~C j/ e CHCHE e,
' MK . N \

36y X

7 N\

Scheme (47)



(86)

|3 We first tried to make the oxazoline (38) by a standard

procedu:e134 (Scheme (48)).

1”4 o

‘ 0 - 0
CE, CH,-C ' TSCl .  CH,CH,~C
N\, A, —_ A
N Pyr.
(35) o __ , (38) OTS

Scheme (48)

-

This reaction was not successful as the product’
decomposed to'give a polymeric gum during.the workup. '
We then turned our attention to 4-chloromethyl oxazoline

(39) which was successfully synthesized from (35) as shown in

SCheme (49).

7 . .
2 (Oh‘ 2 > CH, CHZ—C\N ,'”’\
o bcl“ ¢l

CHE,CH C/OI e
3 2=
\N ‘. NaIrClS
] l(CH 0 @
OH (Et) N J)J - -
(35) - CR, > CH,CH, -C j’

Sy

I
(40)

Scheme (49)
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The reaction of the 4-chloromethyl oxazoline (39) with
phenoiate anion was then attempted under various reaction condi-
tions. Phase transfer conditions, which age usually ideal for
these types of displacement reactions, gave the starting

oxazoline (35) as the only product (Scheme (50)).
v .

A : o~ A2
Ve @ 20~50% ‘NaOE . c/ j/
*  CH,CH,—
CH;CH,-C_ . ‘ 3+Ha e,
TN CeHg,CH,Cl, ,PTIC SN
L e o
(38) (35)

' Scheme (50)
To improve the reaction, the iodomethyl oxazoline (40).
was prepared as shown in Scheme (499?1'Unfortunately its
reaction with phenolate anion under various reaction conditions

only led to the starting hydroxy methyl oxazoline {35) and

therefore this project was discontinued.

IT.4. Preparation of optically active polymers by chemical

modification with asymmetric induction

S IXi41 Optically active polymers with side chain chirality

The growing cur;gﬁt intqgést in biomimetic chemistry
requifes the preparation of optically active synthetic polymers
to be used as backbcnes for models of active sites of enzymes.
Whlle chiral polymers can easxly be prepared by grafting

optlcally active molecules to the side chains of a polymer, it

would be more desirable to use polymers which possess main chain

chirality.
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'Our approach to the synthesis of optically active
polymers of l-substituted olefins involved the chemical
_-modification of polymers with creétion of chiral centers in the main or

side chain through the use of asymmetric induction-reactions.

As a first test of £his new appreoach, a simple syséem in
which an optically active polymer w:.th side chajn chirality would result from
a chemical modification process involving asymmetric inductioﬁ on an
achiral substraté‘ﬁas‘studied. The reéction sequence made use
of Meyers' chiral oxazoline techﬂique, which is known to result
in high asymmetric inductionl79-182, 1In this synthesis, an -
alkyl nitrile is converted to its imidate and then reacted yith.

_the amino alcohol (26) to form the chiral oxazoline (28).
(Scheme (46) ). Subsequent tranformations of this oxazoline (28)
by treatment with diisopropylamide, followed by quenching with
alkyl halide and hydrolysis of oxazoline (30)  yields & -
substituted alkanoic_acids (31) with high asymhetr;c induction
(70-80% ee). (Scheme (46}).

Por the ;ynthesis described in this thesis, alcopolymer
(47)>made from styrene and p-(2-cyanoethyl)styrene was used. p-

" (2-Cyancethyl) styrene was prgpareé’aéing (2-chlorcethyl) benzene
which is available commé%cially. It was first subjected to
Friedel-Craft acylation with acetyl chloride in the presence of
aluminum chloride to obtain p-acetyl, (2—chloroethyl)bénzene
(43) in 90% yield; (Scheme (51)). This was reacted with sodium

cyanide in dimethyl sulfoxide at 130°C to'give the
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/’\ :
cyano deszvat1ve)(4ﬂ) in 79% yxeld. The temperature here is

1mportant, sincg the use of a hlgher temperature results in a
drastic decrease in yield,probably due to the oxidation of the
chlorocethyl grdhp~to the corresponding aldehyde. Sodlum
borohydride was usedfto reduce the acetyl groups of (44) to the
secondary alcohol (45J in a very high yield (94%) without
affectlng the nltrlle group. Dehydratlon of this alcchol to
give p- (2-cyanoethyl)styrene was best achieved by heating it to
190°C with potassium bisulfate in the presence of tert. butyl
catechol. Tert. butyl catechol acts as a radical acceptor and
helps prevent polymerization of the styrene derivative during
the reaction at high tempetatures._ Pure p-{2-cyancethyl)styrene
“was obtained by subjecting the crude to colum chromotoétaéhy.
The best yield obtained for this reaction was 32%., This low
yield is_the result of competing side reactions such as
dimerization and polymerization, which almost always cccur under
the conditions used for dehydration. _

In order to improve the yield of the dehydration step
varieus other reaction conditions were tried . When the
reaction was done with potassium bisulfate in refluxing benzene
in the presence of tert. butyl: catechol only 20% of p-(2-
cyaneethyl)styrene was obtained. The water formed in the
teactdon was removed from the reaction mixture by an azeotropic

distillation with benzene and collected in a Dean Stark trap.

Similar results were obtained when the reaction was done with p- -

toluene sulfonic acid instead of potassium bisulfate. The

dar s e a s
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_reaction-was also done using iodine in tefluxing

xylene.

than the previous experiments.

The" yield of p-(z-cyanoethyl)styrene was slightly lower

The major product in all cases

" 140-60%) was the head to head dimer (41)(Figure (10)%

CH,~CHE —CH-CH,

-

NCCH,CH, CH:CH,CN

(41}
Figure (10)
cE;coct OB NaCN
AlCi, DMSO
CH, CE, C1 CB,CE.Cl  130°C
(42, 43).
CE=CH:  xuso.
190
CE,CE,CN
(46)

Scheme (51)

[y

CH, CE, CN

(44)

NaBH,
EtCH

HC=-CE-CH,

A

{45)

N\

The starting polymer (47) was obtained by free radical

copolymerization of P-(2-cyancethyl) styrene (46) with sty:éne

4

t - l
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<,

-
A\

using'benzoyl peroxide as the radical initiator. The bulk

polymerization went smoothly at 60-¢ with bigh yields.

CH,=CH + cr-.*r,-cn ) —B2.0; “ ~CH,—CH}—CH,~CH}~
li' (i) 60(: (jl o
CH,CH,CN CH, CH, CN
(46) “ (47)
Scheme (52)

The nitrile cooolymer (47) was transformed 1nto its

1mldate (48) (Scheme (33)) This was achieved by bubbllng

hydrogen chloride gas through a solution of (47) in dioxane and

ethanel. The polymeric oxazoline (49) was then preoa:ed by

reactlng the imidate (48) with chlral (18,28)-(+) - l-phenyl 2~
am1no-3-methoxy l-'.bropanol(ZS) in methylene chloride. Alkylatlon
Oxazoline (49) was done according to the conditions descrlbed
‘MeyerslS59 for optlmum asymmetzlc induction. After metalation

with lithium dllsopropylamlde at <78 °C the mlxture was cooled

-98 C in a methanol-llquld nitrogen bath and allowed to

of

by

to

equilibrate for 30 mlnutes before the addition of the alkylatzng

agent Dimethyl sulfate was used as the alkylatlng agent as it

has been shown to glve higher optlcal yields ‘than methyl 1od1de.

Dimethyl sulfate was added to the reaction mixture. very slowly,

typically over a perlod of 30 minutes. The reaction was allowéd

to centinue at -98% for'S hrs. and
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.then at 78°cC for 16 hrs. The resulting polymeric oxazoline

(50)

was hydrolyzed using 6N hydrochloric acid and gave a chiral

polymeric carboiylic acid (51). This polymer (51) was found to

be only partially soluble in organic solvents sﬁch as methylene

chloride,chloroform, acetone, THF, etc.

In order to overcome

this solubilitg pzobleﬁ, the polymeric carboxylic acid (51) was

tfansformed into its methyl ester (52) by reacting with

diazomethane. (Scheme ({53)).
dioxane/EtOE .
. .- ‘,OEt
CE,CH,CN CE, ~CH, ~C .
NH.BCl
(47) (48)
Ho_j]:Az
ey,
N - -
Ha -\OCH,
1.1pa (29) L
-78 C .
‘ -4CH,=CH) - (CH,~CH$
H,~CH)~(CHE, -CH
+C 2 { 2 . ')- 2 - ( CE a ’: $b @ @ R ‘."@
A o L
(500 fy, e TN
. A Y “y N \
| N \ (49) QcH,
6NHC1 CE, " OCH,
+CH, ~CH) - (CH, -CH} CE,N, .
—_—

|

*
CH, -CH-COCH
|
. CE, |
(51? Scheme (53)

~CH, -CH) ~ (CH, -CH}-

*
CH, ~CH~COOCH,

(52}
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Tﬁe opticai rotations of the chiral polymers (49), (50},
(51) and (52) were determiﬁed in chloroform. Thg results of
these ﬁeasurements are shown in Table (9). The negative
rotation of polymer (49) clearly indicates that the 6ptical
activity is'éctually due to the formation of the chiral
oxazoline ring and not due to any impurity, as the only impurity
that cpuld be present is the chiral amino alcohol (29) Whjch had
a positfive optical rotation ([ a] %P =+ 27.5°). The polymeric
oxazolipes {50) also showed negative rotations which were
slightly 1lower than the’values obtained for the polymer (49).
The optical rotation of the carboxyllc acid polymer .(51) could
not be measured except for one sample, as they were only partially
soluble in organic solvents. The only sample which was soluble
in organic solvents was one which also contained a significant
amount of ester groups formed in a side reaction, which occured
during the preparation of the imidate. ‘

The polymeric esters (52) made from insoluble carboxylic
acid polymer (51) were solubie in most organic solvents and
showed a positive optical rotation in chloroform. The optical
activity of the final polymer was due to asymmepric induction
and not to the preseﬁcg of remaining impurities frém‘thé amino
alcahol.” This was confirmed by elemental analysis of polymerié

ester (52), which indicated the absénce or 1oﬁ level ofrnitrogen

.in the final polymer.
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Table (9): Optical rotations of the chiral polymers €49),{50), (51)

and (52)

[

[2% solutions in chloroform were used].

Series 1 Series 2 Series 3
Optical Optical Optical
Rotation Rotation . Rotation
Nt - 3 23 25
[«] D N% [«] D N% llelpD
{CH,~CH 3+4CH,—CH+ 3.35 2.25 3.35
CH,CE,CN
) (47}
Polyrmeric Oxazoline -4 .0° -3.0° ~5.0°
(49)
Polymeric Oxazoline ~3.6° 1.45 -2.5° -3.0°
(50} <
Polymeric Carboxylic 0.88 0.08 +3.0° <0.1
acid
. (51) i
Polymeric Carboxylic <0.8 +3.4° <0.08 | +2.8° <¢.2 +2.0°
&ster T
{52)
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Ali'the‘polyme:s pPrepared in this study were’
characterized with their lE-NMR, 13C-NM£,and IR spectra.
The IR spectrum of the starting nitrile polymer had-a

sharp weak absorption at 2245 ecm—1l due to the nitrile group

(Spectrum (1)) . The polyme;ic imidate (48) made from polymer
(47) showed a strong IR absorptién band near 2700-3300 em-l1 ang
1658 cm—1 put did not show 'any nitrile absorption (Spectrum (2)).
The polymeric oxazollne (49) obtained from the polymer (48) had
a strong sharp IR absorption at 1669 cm-1l indicating the ‘7§fA
presence of the oxazoline -C=N? groupJ:59 {(Spectrum(3)) . The
proton NMR spectrum of this polymer also confirmed the presence
of the oxazoline moiety in the polymer. A broad doublet near
6=5.1-5.3 ppm was due to khe proton on the tert. carbon next to
the oxygen of the oxazoline ring. (Spectrum (4)) . A broad
signal was seen near 6=3.8-4.2 ppm due to the proton on the
tert. carbon next to the nitrogen in the oxazoline ring.
rAgother broad signal at 623.3-3.6 ppm was due to the methylene -
protons next to the methoxy group of the oxazoline moiety. A
sharp singlet was seen for the protons of the methoxy group
around §6=3.33 épm. The signals were somewhat bfoad due to the )
high viscosities of the‘polymer solution. The IR spectrum of
the alkylated polymer (50) was very similar to that of‘polymer (49),
but its proton NMR indicated the presence of three addltlonal
hydrogens in the reglono =1.2-2.0 ppm due to the new. methyl group
introduced. The carboxylic acid polymer {51) obtained after the
hydrolysis of the poiymer (50), did not show an IR absorption

corresponding to -C=N- of an oxazoline ring and

.
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insﬁead showed a Qtrong sharp absorption at 1710 em~l indicating
_the complete hydrolysis of the oxazoline to the carboxyiic acid.
When the polymer (51) was eonverted to its carboxylic acid ester
(52); the IR absorption changed from 1710 cn~l to 1737 em~l. WNo
peak was seen at 1710 em~l, indicating that the transformation’
was almost quantitative., (Spectraém (5)) . The proton NMR
spectrum of this polymer (52) did not have the signals at §=5.2-
5.3 ppm, § =3.3-3.6 ppm and ¢=3.33 ppm seen for ﬂrapchﬂ&ms(49) and
(SO), butlinstead had 2 sharp singlet at &=3.6 ppm due to the
methyl group of the éﬁrboxylic acid ester (Spectrum (6)) . The
13¢ NMr spectra also gave some valuable information. The carbon
on the —C=N- group of the polymeric oxazoline (50) appeared at
167.84 ppm in the 13C NMR spectrum. 'In the 13C NMR spectrum of
the éolymer (52), this signal was absent and instead a new
signal at 173.32 ppm was seén. This new signal was due to the
carboxyl carben on -the ester group.‘ Ahother important
observation was that thé signal at 59.28 ppm seen in the 13¢ NMR
spectra of polymers (49) and (50), due to the methoxy methyl
group on the oxazoline ring, was no£ present in the 13C NMR
spectrum of the polymer (52).

These spectral studies and optical rotation measurements
indicate that the expected transformations did take place in
each step of the synthesis and that the optical activity seen in

the final polymer (52) was due to the asymmetric induction.
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Por comparison purposes and also to assist in the
evaluation of the enantioseléctivityof the reaction, the
'synthesis of a chiral model compound was undertaken using the same
conditions as were used for the synthesis of the chiral

polymeric carboxylic acid (51). The model chosen for this

synthesis was 3-phenyl-2-methyl propanoic acid'(SS),(Figure
(11)). ’

 CH, ~CE-COOH
l.
CH,

~ {55)

Figqure (11)

he starting material, 2-bromcethylbenzene, was first
:Zﬁzg;zéa to its cyano derivative (56) (Scheme (55)) by reacting
th sodium cyanide in DMSO at 130°C. At temperatures below

30°C the reaction rates were slow,while higher temperatures

ere undesirable. This reaction was also carried out in DMF,
/ -
ut the yields were poor and the reaction qés also slower. The

2-cyanoethylbenzene was converted to its imidate {57) and then
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reacted with the chiral amiro alc:hol (29) to g:l_ve the oxazol:.ne (58)

in 66% yield. Alkylation of (58) wa.s done under the same

conditions used in Scheme (53). Metalat:.on with lithium - -

di-isopropylamiae at -78°C and subsequent quenching with dimethy
sulfaté at i%‘c gave the oxazoline (59). Hydrolysis of the
1_atte15 with 6N BCl gave 3-phenyl-2-methyl propanoic acid 155) .

»

h._; ﬁ
DMSO EtOH
CH: CH; -Br ) . CHz CH= -CN
(56)
l . LDA

2.(CH,),SO.
CH CH-C ::f’

oca, -~
(59) -

*
CH, CE-COOH

CH,
Scheme (55)

(55)
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The'Séectral characteristics of the products were in
agreement\with the proposed structure and the literature values.
-Optical rotations ogythe c?mpounds.(SS), (59) and (54) were )
measured and comparéa'with the vaiues cited in thg}liperature.
Oxazoline (58) had an optical rotation ofI&l&§= -59.8°
(c=2;0, EtOH). The literature value for this compound is ch]%;
= =59.1° (c=8.4,EtoH) 2. Oxazoline (59) showed an oétical

rotation of[a]%§= -56.3° (c=2, CHCl3)-. No literature value was
 available for this. However,proton NMR, 13C NMR, IR and MS data
of this compound were found to be satisfactory. Proton and 13¢
NMR spectra of (59) showed the presence.of two diasteréémers.
The ratio of the two diastereomers could be calculated from the
13¢ NMR‘spectrum using the signal for the methoxé‘cé;bon. This
carbon“showed.tﬁo signals close to each other in the ratio éf
'8:1 which indicates an optical purity of about 88%. The chiéal
carboxylic acid.(SS) had an optical rotétﬁon offaﬁ§= 19.4° (c=2,
CECl3] . By comparing this value with the value for the
‘optically pure compoundl5? the optical yield was found to be
83%. This value is within *Ss of the value obtained from*the
13¢ spectral data. The chemical yield of (55) was 79%.

The good optical and chemical yields obtained in the
above synthesis of the chiral model compound (55) confirms that
this is a very efﬁicient method for the synthesis of chiral

compounds of this nature, and similar results should be obtained

for their polymeric analogues. Another important facet in this
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study ﬁas'that the spectral data obtained with the model

~compounds could be used to assist in the analysis of the more

complicated spectra of their polymeric analogues. It was also

seen in this study that the 13C NMR spectrum of the oxazoline?

'(56) can be used td get valuable information about the optical 

-purity of that particular compound and this is alse an

indicatiaﬁ’of'the enantiomeric excess of the final productAafter
the hydrolysis of (56).‘ Tﬁe same teéhniéue should be applicable
to- the meaéufemént of the enantidselectivity of the reaction on
the polymeric materials. - -

— Meyérs has also synthesized_chiral_3-phenyl-2-methyl

propénoic acid (55),. but by a different route which involved the

: cdnsechtive*inﬁ:dduction of two alkyl groups (benzyl followed by

methyl). onto oxazoline (60} to afford (61), which after

‘hydrolysis gave the chiral carboxylic acid (55). (Scheme (56)).

' _0~_»? a. LDA,@CH,C1,-78C° @ o ®
CH=C . s :'/
N q CH,~CH-C -

b. LDA, (CH,0), SO, ,-98C° , N
(60) ock - ' CH, " OCH,

(61) ‘

9 b
) *

CE. -CE-COOH
|

+

Scheme (36)



“(107)
&
The optical yield obtained in this synthesis was 78% and

the chemical yield was 75%.

.II.4.3.thically active polymers with main chain chirality

Having.proved that optical induction on the side-chains
of polymers is possible using chirel oxazolines,asymmetric
induction on the main chain of a pPolymer was then studied using
the same technique. In order to attain this goel, the polymer
selected should have nitrile groups adjacent to the main chain
of a polymer with « hydrogens. The polymer should be
consituted of two different vinylic units, typically one with
nitrile substituent and the other with a different suestituent.
This requirement is important in ;iew'of_tpe low solubility of h
acrylonitrile hoﬁopolmers and of the requirement for the lack of
an internal plane of Symmetry in the final product. 1In the
51mplest case, a polymer with asymmetric triads may be formed.
A copolymer of styrene and acrylonitrile (62) was therefore
chosen for this study. |

The nitrile polymer (62) was first converted to its
“imidate (63) (Scheme (57)). This reaction was found to be
harder to carry out than with the nitrile polymer (47) (Scheme
(55)), mainly due to steric problems caused by the close
proximity of the nitrile group and the polymer backbone. Longer
reaétien times hed to be used and even then the conversion of
nitrile to imidate was not compiete. There was always a

significant amount of nitrile (35-55%) left unreacted, as seen
. . P
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in the IR spectrum. The imidate was con&erted to the oiaholine
(64) by reacting with amiﬁo alcohol (29) at 0°C for 4-5 hrs.
The oxazoline (6@) was alkylated‘with lithium diiéoézopylamide
ahd dimethyl sulfate and then hydrolyzed using 6N HClufo give

the chiral polymeric carboxylic acid (66).

—CH, -CH) - (CH, —CH}~ ' ———> , —fCH_;-CH) - (CE, -CH}
l - | _ OEt
CN . N o~
- - ; ~ (63) " Nymomc
(62) ) .
= |
~CH, -CH) - (CH,—C} z «——— ° —{CH;-CH) -CH, ~CH}- >
o Yoy
C\ | c [/ a1y
Ny % | O 4
(65) OCH, (64)

CH,
o
COOH

(66)
Scheme (57)

OCH,
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' The optical rotation of polymers (64), (65), and (66)
were measured and areolisted in Table (10). As in the previous ’
synthesis (Scheme (53)) the oxazolines (64i showed |
negative rotations while their precursor amino alcohaol (29), had
a positive rotation. Polymeric oxazolines (65) also showed
negative rotations,but the values were slightly 1ower than.
those obtained for polymers (64). The carboxylic acid polymers
(66) obtained after the hydrolysis of the polymer (65) were
optically active and showed positive oétical rotations.

Proton NMR, 13C NMR and IR spectral studies were done on
each of the polymers and valuable 1nformat10n was obtained.
The IR spectrum of the polymeric imidate (63) showed a broad
strong absorption at 1659 cm~l. The absorpti;n around 2500-
3300cm~! was also strong (Spectrum (7)) . .The polymeric
oxazoline (64) had a sharp strong IR absorption at 1645 cm—Ll.
The proton -NMR of tﬁis polymer showed a broad signal around
$=6.0-6.2 ppm for the proton on the tert. carbon next to the
oxygen bf the oxazoline moiety. Another broad signgl was
present at &=3.4-4.2 ppm due to the proton on the ‘tert. carbon
next to nitrogen of the oxazoline moiety and the two protons on
the methylene group next %o the methoxy group of‘the same
moiety. The methoxy protons showed a broad signal at §6=3.2-3.4
ppm, (Spectrum (8)). The IR spectrum of the pdlymer (65) was
- very similar to that of the polymer (64). The IR ééectrum of
the polymer (66) showed a sharp absorption at 1728 em~l. No
signal was seea. at 1645 cm~-l, indicating that most of the

oxazoline units had undergone hydrolysis to form the
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rable (10): Optical rotations of the chiral polymers (64),(65), and

(66).
- (2% solutions in chloroform were used].
Series 1 Series. 2 Series 3
Optical Optical Optical
Rotation Rotazion Rotation
N3 23 2s 2s
a =1Dp N i(e]p N% (a 1D
Styrene-Acrylonitrile
Copolymer
'{'CH: "CH)-(CH; —CH‘}- ’ '
H ) 6.18 Q° 6.18 Q° 6.18 Oe
CN
Polymeric Oxazoline (64) _
- <
<+CH, -CH)} - (CH, -CH} @ - -3.5° 4.85 -2.2 - -2.4°
] .0 :
&’ j
\N "1‘;
OCH;
Polymeric Oxazoline {€5)
. ?Ha
-CH;-CH) - (CH, -C} ¢ - -2.8° 5.10 | -1.6° - -2.0°
. " )
C
'\N Orf @
' oCcH,
Polymeric Carboxylic
Acid (66}
?H:
<CH,-CH} - (CH, -C}~
|
COOH 1.03 +3.0° 2.85 +1.5° 2.80 +1.4°
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,corresponding carbokylic acid. The siénals at 173.78 .ppm and
60.89 ppm in the 13C NMR spectrum of tha polymer (65), due to
the carbon atoms of the -C-N- and the methoxy groups
respectively, were absent from the l3C NMR spectrum of the
polymeric cérboxylic acid (66). This also ind;cated that the
polymer (66) did not coptain any sigﬁificant amount of
unhydrolyzed.oxazolige groups. The IR spectrum of the polymer'
(66) showed the presence of a significant amount of unreacted
nitrile. Therefore, unlikg the previoﬁs synthesis (Séhgme.

(55)), the nitrogen analjsis will not be very useful.

II.4.4.13C label studies of chiral polymers

Although the polymer (66) was optically active, it was
not possible to obtain any measurement of thg average
enantiomeric excess from either spectral data Br optical
rotations. In order to ovércome this problem and alsoc to
confirm that the optical activity was not due to any chiral
impurity but due to an asymmetric Enducﬁion reaction, an
éxperiment was designed which involved 13¢ labeled oxazolines.
In the synthesis of chiral (2-benzyl propionic acid) the 13¢ mNMr
of the oxazoline {59) showed two s%gnals close to each other for
the methoxy methyl group, due to the Presence of the two
diastereomers and it was possible to measure the enantiomeric
excess of the final product by the intensities 6f these two
signals. Unfortunately, the band corresponding to methbxy
methyl group in polymer (65) was broad, small and not clearly

- defined, due to the high viscosity of the polymer solutions
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which'ied.to poor resolution. -T&ié problem could be simplified
by having the methoxy methyl group labeled with 13C2 Then the
13C NMR spectrum of the polymeric oxazoline (65) would show a
strong signal- for the methoxy methyl éroup; In theory, there
should be two bands in the 13C NMR for this group due to the two
diaéfereomefs present. If these two bands are ‘sufficiently
separated their integtatién could be used to measure the
enéntiomeric excess. In addition,the polyméric carboxylic acid
(66) will not show a signal in its 13¢ ﬁMR for the methoxy

methyl group if all the oxazoline rings are hydrolyzed.

The synthesis involves the reaction of the polymeric
imidate with the 13C labeled amino alcohol (67) (Scheme'(ss)).

The resulting 13C labeled polymeric oxazoline was methylated and

hydrolyzed.

S HO @
—CH,—CH) - (CH,~CH} H, N7 A 23

~CH,—CH) ~ (CH,~CH}

' O CH; _ . I O~ @
L @ C/OEt (67) " : @ c )/ .
SNE.HECL ) | N s
- - O CH,
(63) {68)
' CH,
CH,

| l
—CH,~CH) = (CH,~CHsy

'y

|
~CH, =CH) = (CH,=C¥

COOH @ l - Oj/
C N
NN
. N

¢ 13
“Néex,

@

(70) :
. Scheme (58) (69)
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The 13¢ labeled amino alcohol (67) was made as shown in

Scheme (46). Oxazoline (27) (R=CH3) was me?hylated using sodium

"hydride and 13CH31 (90% 13C enriched) and the,resultiné 4~
methoxy mg&?yl oxzaoline (28) (with O-l3c33) was hydrolyzed to
'yield amino alcohol (67). The compounds were identified by
their proton and 13C NMR spectra. The proton.NMR spectrum of
the amino alcohol (87) showed a doublet at §=3.0 PPm with a
coupiing constant of 140 Hz which is typical for an 0-13cm;
group. ‘ . L
The polymeric oxazoline (68), made using 13¢ labeled
amino .alcohol (67), showed a sharp absorption at 16457 cm=1, Qdue
to the.-C=N— group of‘oxézoliné ring, in its.IR spectrum. The
13¢ NMR of this polfmer had a strong peak at 59.8 ppm which
corresponded to the 13C of the 0-13cH3 group. The expanded
spectrum of this particular peak, (Flgure (12)), was very
symmetrlcal which indicated the presence of only one peak. Thé
IR spectrum of the polymeric oxazoline (69), cobtained after
methylation of (68), also ‘had a sharp strong absorption at 1645
cn~l, but the 13C NMR spectrum, when expanded around 59.8 ppm,
showed a small shoulder in addition to the main peak for the o -
13cH3 group. The same spectrum when measured with a 400 MEz
spectrometer showed two separate peaks for the -0-13CH3 group,
probably due to the two-diastere9mers, (Figure (13)). Although
the two peaks were close to each other, it was possible to
estimate the diastereomeric ratio from the 400 MEzZ spectral
dat?// Thus, the ratio of diastereoiscmers was approximapely
(75&%5), in agreement with the results of similar alkylation

! . .
reactjops<using Meyers' conditionslS8.

bk
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Figure (12) Expanded 13(: absorption of the -OJ'BCH3 group of the
) polymer (68). ,
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Figure (13) ° Expanded_l3c absorption .of the —Ol3CF

polymer (69).

’

3 group of the
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The hydrolysis of polymer (69) gave polymér-(?O) which
had an IR spectrum showing a strong absorption at 1728 cm~l and
a 13C NMR spectrum with a very small peak at 59.8 ppm indicating
that almost all the oxazoline groups had been hydrolyzed.
Polymer (70) also had an optical roéarion of [« ?5= +1. 4° in
chloroform where its precursor polymers (68) and (69) had
_ optlcal rotations p]zs- -2.4° and -2 0° respectlvely. - The
absence of any large amount of oxazoline groups in the final
polymer (70) and also the positive optical rotation clearly
indicato that the polymer is optioally active -and that its
optioal activity is not due to any chiral impurity but to the
chiral centers which were formed on the polymer main chain by
: asymmetric induction. The opticai rotations of the polymers
(68), (69) and (70) are low and this is partly due to the fact
that only a part of the nitrile groups in the startlng polymer

L
had been used up for the reaction.

¥
w

The same reactlon segquence was carrled out on the

'nltrlle polymer (47) using 13C labelled amino alcohol (67). The
| polymeric oxazoline (49) (with a —0—13CH3 group) showed a strong
absorption at 1669 em~l in its IR spectrum and an absorptlon due
to —C=N was absent. The l3C NMR of this polymer had a very
strong and symmetrical peak at 59.2 ppm due to the 0—13CH3
‘group. (Figure (14)). This polymer, after methylation to give
(50), still showed. the strong absorption at 1669 cm-1 in the IR
spectrum,but the peak at 59.2 ppm in the 13¢c' NMR spectrum
(Figure (15)}) was broader than .that of the pol?mer‘before

methylation. This broadenlng could be due to the presence of

two peaks glose to each other but these, 1f oresent, could not
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polymer (49) with a 13C labelled -0 3cH, group.
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Figure (153) Expanded absorption of the -OlBCH3 group of the

polymer (50) with a l3C labelled —013CH3 group.

»
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be resolved at 400 MHz. “The optical rotations of the polymers’
before methylation and after methylation were[ai%f=-4f3° and -
_[a]§f= -3.1° reséectiqely. The methylated polymer when
hydrolyzedléhowed a strong absorption at 1710 émtl in the IR ‘
spectrum but was insoluble in most of the organic;solyents. The |
carbd%ylic acid groups of this polymer were converted to their _
methyl ester by reacting with diazomethane. all thé\carbpxylic
acid groups were converted to the ester in this_reaction as the
IR-spectrﬁm of the new polymer shdwed-énly‘one carboxyl
absorption at 1730 em~l. fThe 13¢ NMR‘spectrum of this polymer
did not show a peak at 59.2 ppm indiéating the absence of any
unhydrolyzed 13C labelled oxazoline groups or of its byproducts.
It also had an optical rotation of{a]%; = + 1.2°., These
factors clearly indicgte that the thiéal activity of the
polymer is due to the presence of asymmetric carbon atoms in the
side chains and not due to -any chiral impurity.

From th&se labeled studies, it is possiblé to conclude
that the starting achifal nitrile polymers undergo asymmetric
induction during the synthesis and that the final carboxyiic acid
polymers are optically active. The éost valuable information
about the asquggric induction was obtained from the 13¢ NMR.
studies of the 13C labelled polymeric oxazoline (69) which
showéd the formation of two diaétereomers in the ratio 75:25, in
agreement with the data in the literature for ;imilar

. G
a}kyl;tlons.‘ .
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™~ Although several optically actiée polymers whose optical °

activity is due to chiral main chains have-been reported in the
literature, as is mentioned in the introduction, the above
synthesis is the first involving a chemical modification of an

achiral polymer with asymmetric induction.
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III EiEerimental

The resins used for the preparat%on of polymer supported
’ 3,

reagents were 1% crosslinked divinylbenzene-styrene coPOIymers

(Bio-beads SX-1) purchased from Bio-Rad Laboratories. Dioxane

and THF used for the reactions in anhydrous medium were purified
by distillation over sodium and benzophenone. Ethanol was dried
Ey distilling over magnesium. All other chemicals were réagent
grade and used without further purificétion'unless specified.

Proton NMR spetra were recorded on Varian T=-60, Varian;
EM 360A or vVarian HA-100 Spectrameters, the first two cperating at 60 MEz and
_theftyird at 100 MHz. 1Infrared spectra were recorded on Pye-
Unicaﬁ SP 1100 or Nicolet MX-1 FPourier tranform
spectrophotometers. 13c mMr spectra were recorded using a
Varian CFT 80 spectrometer operating at 20 MHz, a Varian XL 200
xP spectrometer_opetating at 200 MBz or a Bruker WH-400%
operating at 400 MHz. Eleméntal analyses were performed by
Canadian Microanalytical Serv. , MHW Laboratories, Galbraith ’
Laboratories or in‘our laboratory (halogen analyses). Mass
spectra were recorded using AEI MS 902 or VG 7070 E mass
spectrometers. _ . | -

G.L.C. analyses were done using a Gow Mac Gas
Chromotograph éeries 550 with thermallconductivity detector
using carbowax ;0M on chromosorb P or 4% Silicone SE 3b on

chromosorb G columns. | /‘n
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The nitrile polymer (62) was received from Dr. Fréchet. Optical
rotations were taken on Perkin Elmer 141 and 241 electronic

spectropolarimeters with digital readout.
-

-
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III.l1. Washing of Crosslinked polystyrene resin .

Commercially available polystyrene Biq-Beaﬁs SX-1 was
washed a3 described below to remove any impuiity before

subjecting it to chemical modifications.

" with IN NaOH at 60°C for 30 min.

1N HC1 at 60C°C for 30 min.
1N NaOH at 60°C for 30 min.
1N ECl at 60°C for 30 min.
B70 at 25°C for 30 min.

DMF at 40°C for 10 min.

1IN ECl at 60°C for 30 min.
H20 at 60°C for 30 min. |
CHpCl/CH3CE (2:3) at 25C° for 5 min. )
THF at 60°C for 30 min. ‘
Ether at 25°C for 30 min.

The polymer was dried in vacuo at 60°C for 16 hrs. and

weighed.
Wt. of polymer before washing = 94.84 gns.
Wt. of polymer'after washing = 93.61 gms.
IIT.2. Polymeric Reagents

ITIT.2.1. Bis(Polystyryldiphenylphosphine) Copper (I)

Tetrahydroborate[@D—(Ph)zh CuBH,

I1I.2.1.1.Preparation of (® -Br

50 g of prewashed polymer were suspended in 600 ml of

CClsy and to this was added 0.85 g of FeCl3. The  whole system '
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was protected from light, then treated with 27.5 ml of Brz in
'50‘ml of CCls. Sﬁirr}ng was continued for 2 hrs. at room
temperature and then at“reflux temperafure until no further HBr
fumes were evolved from the reaction élask (3 1/2 hrs),
indicating the completion of the reaction. The polymer was then
filtered,.wasﬁed with CCl4, acetone (four times), THF, and

THF /water. Subsequent washings were carried out in a Soxhlet
extractor using dioxane for 24 hrs. and then dioxane/wéter
(80:20) for a further 20 hrs. The pol&mer was filtered,washed
with methanol,and dried in vacuo at 40°C for 16 hrs. 99.23 g of

”
polymer were obtained having 5.1 mequiv Br/g. D.F.= 0.87.

IIT.2.1.2. Preparation of @D-P(PhL (3)

30 g of brominated polystyrene (B~Br (5.1 mequiv/g) were
dispersed in 600 ml of THF cooled to 0°C under nitrogen and to
this was addeg‘éa ml of chlorodiphenylphosphine via a syringe,
followed by 4.3 g of Li (shots). The mixture was stirred at
reom temperature for 18 hrs.'uﬁder nitfogen, then treated with
300 mi of methanocl while stirring fé; a further 30 min. The
polymer was filtered, washed with distilled water (four times),
THF, acetone, CH2Cly and methanol and dried in vacuo at 40°C for
16 hrs. 36.17 g of polymer were recovered. Thggpéiymer

contained 2.9 mequiv. P/g. D.F.= 0.70.

II1.2.1.3. Preparation of [ (B} =P (Ph),L~CuCl (5)

4.08 g of copper (1) chloride were reacted with 4.79 g

of tetramethylethylenediamine in 400 ml of acetone. The

»
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unreacted copéer {1) chloride was removed by filtration and to
the bluish-green filtrate were added 22 ngfC) —é(ghh and the
mixture wasﬁstiried at room temperéture for 16 hrs. The.polfmer
was f£iltered aﬁd washed with acetone (four times), methanol (two
times), acetone/methanol (1l:1), and then with methanol in a
Soxhlet extractor for 20 hr. It was dried in vacuo at 40°C for

16 hrs. 23.88g of polymer were obtainedrm.ljj

III.2.1.4. Preparation of [(® -P(Ph),],CuBH, reagent. (6)

1.04 g of sodium borohydride was dissolved in 100 ml. of
ethanol and to this solution were added 22 g of [(® -P(Ph},}:CuCl.
Thg mixture wés stirred at room temperature for 16 hrs. The
polymer was filtered and washed with ethanol, water (three
times), water/methanol {1:1), THF, CECl3 and methanol (twice),
then dried in vacuo at 40°C for 16 hrs. 21.34 g of polymeric
reagent were obtained. The polymer contained 1.5 mequiv. B/g.

D.F. = 0.89.

Preparation of heptanoyl chloride

To 15 g (1i5 mmol.) of heptancic acid were added 20.4 g
(173 mmol.) of thionyl ‘chloride and the mixture was stirred at
reflux temperature for 3 hrs. The crude product was then
subjected to distillation and 11.03 g (65%) .of heptanoyl

chloride were isolated (boiling point 173 % ).
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Preparation of cyclohexane carboxvlic acid chloride

To- 20 g. (155 mmol.} of cyclohexane carboxylic acid were
added 22.5 g (190 mmol.) of thionyl chloride and the mixture was
stirred at reflux-ﬁemperature for 4 hrs. The crude proddbt was
distilled undet reduced préssure. ~18.83 g (83%)of cyclohexane

acid chloride were obtained. (Boiling point 70°C at 15 torr)

IXIT.2.1.5. Reduction of carboxvlic acid chlorides

with [@ -P(Ph)z]:cuBHk

Reduction of;gy;lohexane carboxylic acid chloride with [() =P (Ph),]CuBH,
1l goff ®-P (Ph)?] ,CuBH,._ waé dispersed in 5 ml of

acetone and to this was added 268 ¥1. (2 mmol.) of cyclohexane

carboxylic acid Fhloride slowly via a syringe. The reaction was

moﬁitorea by Gas Chromotography. The G.C. vield of cyclohexane

carboxaldehyde was 68%.

Reduction of heotanovl chloride with [ @D-@(Phh]:CuBHu

1l g of [() -P(Ph),],CuBE, was dispersed\in 5 ml acetone
and to this was added 310 pl. (2 mmol.) of heptanoyl chleoride
slowly via a syringe. The reaction was monitored by Gas

Chromotography. The G.C. yield of heptgnal was 73%.

IIT.2.1.6. Reduction of carboxvlic acid chlorides with

excess [ (F) -P(Ph). ].CuBH,

Reduction of chylohexane carboxvlic acid chloride .with excess

[(® -P(Ph).].CuBH,

0.262 g (1 mmol.) of triphenyl phosphine was dissolved:

in 5 ml of acetcone and 1.5 g of I@—P(Ph)zlpuBHz; was

[ T TSR IPE PP VY R iRk R



(129)

| dispersed in it. To this was added 134 pl. (1 mmol.) of
.cyclohexane carboxylic acid chloride slowly via a syringe and
the reaction was monitored by Gas Chromotography. The G.C.
yield of cyclohexane carbéxaldehyde was 96%.

Reduction of Heptanoyl chloride with excess [C)—P{Ph)1J=CuBHu

0.262ﬁg of triphenyl phosphine was dissclved in 5 ml of
acetone and 1.5 -‘g'of [@ ~=P (Ph);] ; CuBH, was diséérsed in this
solution. 'To this was added 155 ul. (1 mmol.) of heptanoyl
chloride slowly via a syringe. The réactiop was monitored by
Gas Chromotography. G.C. yield of heptanal was 96%.

Reduction of benzoyl chloride with excess [ (B ~P(Ph), ], CuBE,

0.262 g of triphenyl phosphine was dissolved in 5 ml.of
acetone and 1.5 g of [ (® -P(Ph) }.CuBH,was dispersed in it. To
 this was added 112 nl. (1 mmol.} of benzoyl chleride sloﬁly via
a syringe and the reaction was monitored by Gas Chromotography.
G.C. yield of benzaldehyde was 100%. 0.10 g of benzaldehyde
(94%) was isolated by thin-laye: chromotography ﬁsing

hexane/ethyl acetate as the eluent.

I11.2.1.7. Regeneration of the spent reagent [ (®) -P(?h)z]lgpcl

To a dispersion of 5.0 g of spent reagent [C)-P(Ph);]zCuCl

in 25 ml of ethanol was added 0.06S g of -

triphenylphosphine. To this was added 0.35 g of sodium
borohydride and the mixture was stirred at room temperature for
16 hrs. The polymer was filtered washed with etﬂanol,‘wate:

{three times), water/methanol (l:1), TEF, CHCl3 and methancl
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and dried in vacuo at 40°C for 16 hrs. 4.84 g of polymer were

>

obtained.

IIT.2.1.8. Reduction of carboxylic acid chlorides with the

regenerated reagent.

Reaction of Hepténoyl Chloride with the regenerated reagent.

0.262 g of triphenyl phosphine waaﬁdissolved in’5 ml of
acetone and 1 g Qf regenerated polymeric reagent '
[@-P(Ph),],Cung was dispersed in it. To this was added 155 ui
of heptanoyl chloride slowly via a syringe and the reaction was
monitored by Gas Chromotography. G.C. yield of heptanal was
93%.

Reductions of cyclohexane éarboxylic acid chloride and
benzoyl chloride with the regenerated polymeric reagent [CE)—P(PhLLFuBHa
were similar to the 'one described for heptanoyl chloride.

Reductions of acid chlorides using the polymeric
reagent [ ®-P(Ph),],CuBE, were tried out in different solvents
like benzene, toluene, ether and an ether/toluene mixture. The

reaction procedure was the same as that described above.
Yields of aldehydes were less than 50%.

II1.2.1.9. Other attempted preparations e
of [(® -P(Ph),],CuBH . - N (’
: —
To a solution of 0.34 g (2.16 mmol.) of CuSO4 in 5 nml of
"--\

methanol were added 2.0 g of (B) -pP(Ph),(2.16 mequiv/g). The
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mixture was stirred for 20 hrs, and the resultlng polymer was
fxltered washed with water (four times), acetone (two tlmes),
TH? and methanol and dried in vacuo at 40°C for 16 hrs. 2.04 g
of polymer were obtained. ‘

The above polymer was dispersed in 10 ml of ethanol and
to ‘this was added 0. 25 g of NaBH4 and the mixture was stlrred at ‘
room temperature for 16 hrs. The polymer was filteredg, washed
with gthanol, water (three times),-aceﬁoné, THEF, CHCl3 and
methanol and dried in vacuo at 40°C for 16 hrs. 1.90 g of
poly@gr were obtained.

Using pyridine as a solvent for CucCl

To a solution of 0.31 g (3;2 mmol.) of copper (I)
chloride in 10 ml. of pyridine were added 2 g of (® -P(Ph), (2.16
mequiv/g) and the mixture was stirred at room temperature for 16
hrs. The polymer was filtered asd washed with pyridine, water,
acetone, THF and methanol. It was suspended in 10 ml of ethanol

and to this was added 0.12 g (3 mmol.) of NaBH4 and the mixture
‘ stirred at room tempe;a?ure for 16 hrs. It was filtered, washed
with ethanol, water, acetone, THF and methanol and dried in.

vacuo at 40°C for 16 hrs. 2.04 g of polymer were- obtajned.

III.2.1.10. Preparation of [(Ph);P],CulEH, ™

To a stirred solutlon of 5.34 g of trlphenylpggsphlne in
35 ml of CECl3 was -added 1 g of finely powdered copper (I)
chloride slowly and the mixture was stirred until all copper (I)

chloride had dissolved. To this was “then added a. supension of



- IIT.2.1.12. Preparation of[(Ph),P].CuCl using CuCl-TMEDA

- (132)
<2

0.38 g of NaBE4 in 4 ml of ethanol and s;i:ringlwas continued.
for 30. min. The reaction hixtufe was added to water, mixed<anéf
the CHCl3 layer was separated, washed with water,.dried.with
MgS04 and treated with ether. [ (Ph),P],CuBH, ‘precipitated out.
It was filtéred, washeé,with ether and dried in vacuo at 30°C

for 5 hrs. 3.23.g of [(Ph),P],CuBH, were isolated.

A - -
K .

ITII.2.1.11. Reduction of heptanoyl chléride with

[(Ph) 3P] ;Cu.BE 4

L

To a sélution of 0.262 g of triphenylgﬁosphine in 5 ml
of acetone was added 0.63 g of {(Ph),P],CuBH4. To this
suspension was added 155 pl. of heptanoyl chloride slowly via
syringe. The reaction was followed b& Gas Chromotography. The
G.C. yield was 90%. |

N

complex
To a solution of 1 g of éopper'(I) chloride and 1l.2g of

TMEDA ‘in 130 @l of acetone were added 5.24 g of triphenyl-
phosphine. The mixture was étirred for 90 min. The precipitate
formed was filtered,washed with acetone and -ether, and dried  in

vacuo at 30°C for 6 hrs. 4.17 g of [(Ph)QP],CuClwere isolated.

L
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" IIT.2.1.13. Preparation of [ {Ph) 3 P],CuBH, using
—Q - .} .
[ {Ph),P].CucCl .

To a solution of 3.14 g (5.6 mmol.) of [(Ph};P],CuCl in
30 ml of CHC13 was .added 9. 29 g (7 mmol ) of NaBH4 in 4 ml
ethanol. The mixture was stirred for 90 min. and poured to
water, .The CHCl3 layer was separated and washe@ with water. Ig
was dried with MgSO4 and trea;gﬁ with ether. The precipitate
was filtered, washed with éthéf and dried in vacuo at 30°C for 5
~hrs. 2.68 g of [(Ph)ap ] 2CuBH4-were'is6lated. (80% yield).

IIT.2.2. ?ormylation agents for Grignard reagents

IiI.2.2;l. Preparation of phenyl formate

To 69 g (1.5 mol) of formic acid were added,158 g (1.5
mol) of aceticranhfdride while 'keeping the temperature -below
45°C The solutlon was stirred at 45°C for 1 hr. and: to thlS )
were added 1.18 g (0 015 mol) of pyrldlne and 94.1 g (1 mol) of
phenol while malntalnlng the temperatu:e at 20°C. Stirring was
continued at 20°C° for 45 hrs. and.the unreacted acids and -
anhydrides were removed under reduced pressure using the':oto;y
ev;po;ator. The crude produc£ was distilléd unde; reduced
pPressure tﬁq tige;. ‘97.6’g (80%) of phenyl formate were =~

collected at 4$—48°C (4 torr).

lg NMR (CDC13) & =7.50 (m, 5H); 8.30 (s,1H).

IR Vpax = 1741 cm~l strong, -1762 cm-l weak. .

LI
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Preparation of\§4N-formyl)amino piperidine

‘To 15 g (0.15 mol) of N—amlno plperzdzne were. added 15.5
g (0.17 mol) of phenyl formate and the mlxture was stlrred at
room temperature for 18 hrs. The excess phenyl formate was
remcted under reduced pressure and the crude'product was
subjected to distillaticn under reduced pressure.‘-9.45‘g (65%)
of/ﬁ{N-formyl)amino piperidine were obtained at 55-60°C (2 |
torr). 3.62 g of N-amino piperidine was also-recovered. Pale
yellow solid, M.P. 75-76°C. ‘
1a NMR (CDCl3) 6=1.56 (m,6H); 3.33 ‘(m,4H); 7.86 (s,1E);
8.20(b.s, 1H) |
IR Vpax = 1695 cm~l strong broeé.

Preparation of N{N-fctmyl, N-methyl)amino piperidine (10)

17.3 g (0.14 mol) of potassium tert. butoxide were
dissolved in 200 ml of THF under nitrogen and to this were added
17.9 g (0.14 mol) of N-(N-formyl)amino piperidine. The reaction
mikXture was stirred for 15 min. at room temperature and then at
refiux temperdture for 30 min. It was cooled to roon
. temperature and 21.8 g (0.15 mol) of CH3I in 30 ml THF were
added while stirring. Stirring was continued for 16 hrs. at
reflux temperature. After the reaction mlxture\E\c cocled to
_room temperature it was filtered and the white solid was washed .
“With TEF (two times). The solvent was removed from the combined
organic solution under reduced pressure and the crude’prcduct
was subjected to disti%iation under recuced pressure. 16.65 g
(83.6%) N{N;fcrmyl, N-methyl) amino piperidine were collected at

70°C(2 torr). (New compound). Mol. Wt. = 142.11 (From M.S.)

n
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. @HE NMR(CDCl3) §=1.50 (m, 6H); 2.66 (m, 7H); 8.33 (s, .1E)
R Vmax-= 1678 cm=l strong sharp. M:S. = 142,113,83,55

Preparation of 2-(N-formyl) amino pyrimidine

. To 6.0 g (64 mmol.) of 2-amino pyrimidine were added 9.8

4\

ﬁi}(QS mmel.) of phenyl formatgland the mixturg was stirred at
100 %:fqr 18 hrs. The reaction mixture, when coo;ea to room

temperature, solidified. It was powdered and suspended in THF. .
.- - - ~
to remove any unreacted phenyl formate, N-amino pvrimidine and

other side products. It was filtered anéd dried in vacuo at reom
: ‘ ) p )

temperature for 16 hrs. 7.5 g (95%) of 2 (N~formyl)amino

pyrimidine were obtained. M.P. 212-213°C. (New compound) -

?

1g NMR(CDCL3) 6=7.30. (t, 1H, J=4Hz); 8.70(d, 2E, J=5Hz): 9.50
(b.s., 1E)3711.00 (b.s.,” 1H). M.S. = 123,95,73,68
+~ IR Vpag = 1§30’cm‘l strong broad, 3205 cm~1 mo&erate sharp.

\

Preparation of 2-(ﬁ-formyl-N-methyl)amino pyrimidine (11)

This compound was prepared accordiﬁg to the procedure

described for‘N(N;;iggyi;/ﬁ—methyl)aminolpiperidine. ‘é& o
2(N-formyl - N-met l)aminér Piperidine was obtained in 61% yield.

Yellow salid. M.P.‘75-76%:;(New cempound) . ' -
‘Elemental Analysis = C - 52.64% & - 5.33% N - 3.04%
1E NMR (CDCl3) §=3.40 (s, 3H); 7.06 (t, 1H, J=4Ez);
8.66(d, 2H, J=5Hz); 9.80 (s, 1H): "

IR vpax = 1672 cm-l strong sharp.

“~N
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- ?reparation of 2<{N-formyl)amino thiazole

& Tol1l0 g (0.1 mol) of 2-amino thiazole were added 15.4 g
{0.13 mol) of phenyl formate ond the mixture was stirred at
-.10b°c'for 16 hrs. The excess phenyl formate was removed under
reduced pressure. The resoltihg brown solid was dissolved in
THF.and recrystallized by adding pet. ether (BR30~-60°C) followed by
cooling. The crystals were filtered- and dried in vacuo at 30°C
for 16 hrs. 9.7 g (76%) of 2{N-formyl)amino thiazole were
obtained. (New compound) o . -
M.?. 160-162°C .
lg WMR (DMSO) §=3.40 (s, 1H); 7.26 (4, 1H, J=4Hz); 7.50
(d, 1H, J=4Hz); 8.5 (s, 1H)
IR Vpax = 1694 cm~l strong broad

Preparation of 2-(N~formyl- N-methyl)amino thiazole (12)

This compound was prepared accordlng to the procedure
"described for the preparation of N-(N-formyl, N-methyl)amzno
Piperidine. 2={N-formyl — N-methyl)amlno thiazele (two isomers 1n
1:4 ratlo) was ob%alned in 79% yield. pale vellow solid. M.P.
57-59°C.. (New compound).‘ C - 42.42%, H - 4.31%, N - 19.53%

' 18 NMR (CDCL3) - 6=3.3 (s, 1/4H); 3.55 (s, 3): 6.90 (M, S/4K);
. 7.35 (M, 5/4B); 8.50 (s, 1H); 9.10 (s, L/4H) '
IR vpax = 1670 cm~l strong sharp, 1755 cm~l weak sharp.

Preparation of 2{(N-formyl)amino pyridine

/fvd . This was prepared as described by Comins and Meyersl37,
2{N-formyl)amino pyridine was obtained in 98% yield. White

solid, M.P. 71-73°C. Literature M.p. 72-73°c157

————— g
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g MR (CDC13) §=6.96 (m, 28); 7.66 (¢, 1H J=8Hz)
.8.33 (m, 3/2E) 9.26 (b.s, 1/25), 9.93(b.s, 1f)

IR wpax = 1690 cm'1 strong broad.

Preparation of 24N-formyl—-N-methyl)amino'pyridihe (10)

This was prepared as described by Comins and MeyerslS?

2<{N-formyl - N-methyl)amino pyridine was obtained in 93% yield.

1 NMR (CDCl3) 6=3.35 (s,"3H); 7.12 (m, 28); 7.74 (m, 1H);
(m, 1H); 9.30 (s, 1H). '

i

IR vmax = 1690 cm~l strong sharp.

Preparation of Z{N-benzyl"N-formYl)amino pyridine (13)
. -

This was'prepared according to the procedure described
for the preparation of 2-(footmyl- N-methyl)amino pyridine by

Comins and Meyersl58, ‘2-(N—benzyl- N-formyl)amino pyridine was

obtained in 79% yield. Light brown solid. M.P. 55-56°¢c
1H NMR (CDC13) §=5.13 (s, 1H); 7.20 (m, 8H); 8.33 (m, 1H):
9.13 (s, 1H). Mol. Wi, = 212.091 (from M.S:) .

IR wpaxd = 1674 cm~l strong sharp. M.S. = 212,183,121,91.,

Preparation of N-formyl piperidine (14)158

Te 10.6°g (0.12 mol) of piperidine were added 21.3 g

\

{0.17 mol) of phenyl formate and the mixture was stlrred at room

temperature £or 20 hrs. - The crude, product was subjected to

dustlllatlon under reduced pressure.- The fraction that

distilled at 60-72°C (5 torr) was collected. This fraction was
distilled again under reduced Pressure to remove phenol which

was found to be present with it. As this distillation was also

-
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not sucqgssfﬁl, the phenol was extracted wiﬁh 10% NaOH, thé
- organic layer as dried with MgS04 ;nd-distilled under reduced
’;;Essung;, 9.4 g (70%) of N—forﬁyl piperidine were obtained at
45-47°C (2 torr). (New compound). |
im NMR (cnc13). §= 1.56 (m, 6H);'3.40 (m, 4H); 7.96 (s, 1H)..

IR vpax = 1660 cm~l strong sharp. |
N-formyl pyrrélidine (15) was purchased from Aldrich
- ,

'Chemical-coméany and distilled under reduced pressure. Boiling

point 92-94°C at 15 torr.

Preparation of 2-methoxy<{N-formyl) aniline

This was prepared as described by Comins and Meyersl37,
The crude product was distilled un?er reduced pressure. The
fraction which distilled at 110-115°C was collected and washed
with saturated NaECO3 to'removéiphenol. It was recrgstallized
itcm(i&Clzand pet. ether(B.P.30-60°C). 2~Methoxy (N-formyl) aniline
was obtained in 67% yielé. M.P. 84-85°C. (Néw compound )
1 NMR (CDCl3) § = 3.86 (s,lan); 7.00 {(m, 4H); 8.43 (s, 1lH).
IR vpax = 1660 cm~l strong broad. M.S. = 151,123,108,80.

Preparation of Z#methoxy(N-fbrmyl- N-methyl) aniline (16)

This‘compound was prepared according to the procedure
described for the preparation of N-(N-formyl - N-methyl)amino
piperidine. Z-Qethoxy(N—formyl- N-methyl) aniline was obtaiﬁed-\_
in 89% yield. Boiling point 120°C at 3 torr.

15 NMR (CDCl3) § = 3.16 (s, 3E); 4.80 (s, 3§); 7.10 (m, 5H);

8.13 (s, 1H). M.S. = 165,137,122,106

IR Vpax = 1674 cm™l strong sharp. Mol. Wt. .= 165.0789 (from M.S.)
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Preparation of N~formyl piperazine

To 25.8 g (0.3 mol) of piperazine were added 18.7 g
(0.15 mol) of phenyl formate. The mixture was stirred at £0-
65°C for 48 hrs. The crude product was subjected to
distillation under reduced pressure. 12.5 g (38%) of N-formyl
piﬁerazine were collected. B.P. 112-116°c (2'torr).
15 NMR (CDC13) 6= 2.60 (m, 5H); 3.33 (m, 4H); 7.96 (s, 1H) .
IR Ypax = 1694 cm~l strong broad.

° . ~ :
Preparation of N-benzyl - N-formyl piperazine (17)

To 5.0 g (44 hmol.) of N-formyl piperazine were added

- 3.4 g (44 mmol.) of pyridiné and 6.1 g (48 ﬁmol.) of benzyl
chloride. The mixture was stirred at room temperature for 15
hrs. To this was added 25 ml of water and the solution was made
basic (pH=9) with sodium hydroxide. It was then eitracted with
CHzélz,(four times) and the combined organic solution was dried
with MgSOg4 and concentrated. This crudetbroduct was then
subjected to distillation under reduced pressure.” 4.81 g (54%)
of N-benzyl=- N-formyl piperazine were obtained. B.P. 140-143°C
(L torr). New compound.

1z NMr (CDC13) 65\2.’;0 {(t, 4H, J=5Hz}; 3.40 (m, 6H):

7.20 (s, 5H); 7.96 (s, 1lE).

IR Vpax = 1671 cm~1 strong sharp.

M.S5 = 204,203,175,113,91.
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'III.2.2.3. Pormylation of Grignard and alkyl lithium reagents

- with differett formylatioq reagents

General procedure for the formylation of Grignard reagents.

To a cooled (iceLbath)'solution of the formyiating agent
(10 mmol.) in TEF (10 ml) was added dropwise-a solution of the
Grignard reagent (10 mmol.) in THF (10 ml). When the reaction
was complete (monitored by TLC) it was stirred for a further 5
min. and concentrated. The c¢rude mlxture was subjected to
column chromotography using hexane/ethyl acetate {(5:1) as the
eluant. Aldehyde and the secondary alcohol (if there is any)

were isolated.

Reaction of Phenyl magnesium bromide with N{N-formyl-

N-methyvl)amino piperidine (10)

-

-

-

The reaction was carried out according to the general -
procedure described earlier. Benzaldehyde was isolated in 85%
vield. No benzhydrol was present in the reaction mlxture.
Benzaldehyde was identified from its proton NMR and lnfraxed
spectra.

~

Reaction of Phenyl magnesium bromide with 2{N-formyl-

N-methvl) amino pyrimidine (11)

The reaction was carried out according to the general
procedure described earlier. Benzaldehyde was isolated in 84%

yield. No benzhydrol was present in the reaction mixture.

-~ P
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Reaction of Phenyl magnesium bromide with 2 (N-formyl- ~

N-methyl) amino thiazole (12)

The reaction was carried out according to the general
procedure described before. Benzaldehyde was isolated in 66%
yield. Benzhydrol was isolated in 11% yield and was identified

from its proton NMR and infrared spectra.

Reaction of Phenyl magnesium bromide.with:Z(N-formyl-

S-methyl)amino pyridine - (9)

The reaction was carried out a&cording to the general
Procedure described before. Benzaldehyde was isolated in 79%
vield. ©No benzhydrol was isolated. '

Reaction of Phenyl magnesium bromide with 2 (N-benzyl-

N-formyl) amino pyridine (13)
The reaction was carried‘odt according to the general
procedure described before. genzaldehydé was isolated in 77%

‘'yield. No benzhydrol was isolated. -’

Reaction.of Phenyl magnesium bromide with N—formﬁl piperidine
(14)

The reaction was carried out according to the general
pProcedure described before. Benzaldehyde was isolated in 64%
yield and benzhydrol was isclated in 14% yield.

Reaction of Phenyl magnesium bromide with N-formyl pyrrolidine

- (15)

The reaction was carried out according to the general
procedure described before. Benialdehyde was'isolated in.63%

yield. Benzhydrol was isolated in 9% yield.
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Reaction of Phenyl magnesium bromide with 2-methoxy
. o

(N-formyl - N~methyl) aniline t46) i\

The reaction was carried out according to the general
procedure described before. Benzeldehyde was isolated in 60%

yield and benzhydrol was isolated in 11% yield.,

Reaction of phenyl magnesium bromide with N-benzyl - N-formyl

piperazine (17)

The reaction was earried out according to the general
procedure described before. Benzaldehyde was Lsolated in 65%

vield and benzhydrol was isolated in 9% yield.

Reaction of phenyl magnesium bromide with DMF (18)

The reaction Qas carried.out according to the generzl
procedure described befo&e. DMF was dried over phosphorus
pentoxide and distilled again befdre ﬁse. Benzaldehyde and
benzhydrol were fsdlated in 69% and 9% yield respectively.

Reaction of phehethyl magnesium bromide with N(N-formyl- N-

methyl) amino piperidine. (10)

The reaction was carried out according to the general
procedure descriﬁed before. 3-phenyl propionaldehyde was
isolated in 86% yield. No secondary alcchol was isclated.
1z MR (CDCl3) &= 2.76 (ﬁ, 43);v7.33 (s, 5H); 9.70 (s, lEf
IR vpax = 1720 cm~l strong sharp, 2720 and 2820 =1 weak.

Reaction of pHenethyl magnesium bromide with Z(N-foimyl-

N-methyl)amind pyrimidine -{(11)
- The reactlon was carrled out accordlng to the general

procedure described before. 3-phenyl propionaldehyde was

isolated in 81% yield. No secondary alcohol was isolated.
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Reaction of phenethvl magnesium bromlde with N-formyl plperldlne

. The reaction was carried out according to general
procedure described before. 3-phenyl propionaldehyde was
isolated in 71% yield. l,S-diphenylpen;anol-B : ﬁas isolated
iq 9% yield. - o
12 NMR § = 1.96 (m, 4H); 2.70 (m, 4H); 3.60 (b.s, 1H):
4.76 (t, 1H, J3=SHz); 7.16 (s, 10H) |

Reaction of phenethyl magnesium bromide with DMF (18)

The reaction was carried out accerding to general
‘procedure described before. 3-phenyl propionaldehyde was

isoldated 67% yield. 1,5-diphenylpentanol-3 was isolated in
14% yield.

Reaction of phenyl acetylene magnesium iodide with N-(N-formyl‘

N-methyl) amino piperidine (10)

To a solution of 1.12 g (11 mnol.) of phenyl acetylene
in 5 ml of THF were added 3.94 ml (11 mmol.) of méthyl magnesiumh
iodide (2.8 M solution in ether) dropwise at 0°C. The mixﬁure
was stir;ed at 0°C for 25 miAT and was used in the formylation -
reaction. The rest of the_proceduﬁe was similar, to” the generel
procedure for the formylation of Grigna;& reagent% dé;cribed
before. The aldehyde, 3—phenyl-2-propynél was isolated in 73%
"yield. The secondary alcohel, 1,5—diphgnfl—l,4— |
pentadiyne-3—ol was isolated in 1% yleid. They were
_1dent1f1ed from thelr proton NMR, infrared and ‘Mass spectra.
When the reactlon was done at =-10°C, the aldehyde was lsolated

in 80% yield. No secondary alcohol was formed,
Aldehyde: 1H NMR (CDCl3) § = 2.00 (m, 4E): 2.76 (m, 4H);

3.60 (b.s, 1H); 7.43 (m, S5H); 9.40 (s, 1EH)
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T
. IR vupay = 1650 cm~l strong sharp, 2225 cm-l strong sharp, 2720 S
and 2825 cm~l weak.

Alcohol: lH NMR (CDCl3) &= 2.66 (b.s, 1H); 5.56 (s, 1H);
' 7.33 (m, 10H); M.S. = 233, 215, 202, 129, 102 , ~

IR vpax = 2225 cm~l strong sharp. . i

Reaction” of phenyl acetylene magnesium iodide with N-formyl

ﬁiperidine. (14)

r This reaction was carried out' according to the proceduré-
described for the reaction of phenyl acetylene magnesium iodide
with N(N-formyl, N-methyl) amino piperidine. The aldehyde, 3-
phenyl-z-propynal'was isolated -in 60% yield. The secondary .
alcohol, 1,5-diphenyl-l,4-pentadiyne-3-cl . was isolated.in
12% yield. ' |

When the reaction was carried out at -10°C the aldehyde
was isolated in 68% yield and the secondary alcohol in 10%.
vield. .

Reaction of phenyl acetylene magnesium iodide with DMF (18)

The reaction éas carried out according to the procedure
described for the reaction of phenyl acetylene mégnesium iodide
with N(N-formyl - N-methyl)amino piperidine. The aldehyde was
isolated in 64% yield. The secondary alcohol was isolated in
a2

10% yield.

Reaction of Phenyl acetylene lithium with N-{(N-formyl-

N-methvyl) amin¢e piperidine (10)

To a solution-of 0.56g (5.5 mmol.} of phenyl acetylene
in 2.5 ml TEF were added 2.5 ml (5.5 mmol.) of n-butyllithium

(2.2 M solution in hexane) dropwise at 0°C. The mixture was-"



stirred at 0°C for 25 min. and used in- the formylation reactlon.
The rest of the reaction procedure is 51m11ar to the general
procedure for the formylation of Grignard. reagents descriped

" before. 3—pheny172‘propynal waS'iéolated in 92% yield. No
secéﬁdary alcohol l,s-diphenyl—l,4-pgntadiyne~3—oi was
isolated.
Reaction of phenyl acetylene lithium with N-formyl piperidine

{(14)

The reaction was carried out aécord}ng to the procedure
fo; the reaction of phenyl acetylene lithium with N;J
(§:formyl- N-methyl)amino piperidine described above. The _
aldehyde 3-phenyl-2-propyna; was ‘isolated in 71% yield when th;
feaction was done at -10°C. The secondary alcohol .1, S-dlphenyl—.

l,4-pentadiyne~3-0l was isolated in 6% vield.

Reaction of phenyllithium with N-(N-formyl- N methvl) amino

-

piperidine (190) /

N Phenyllithium was purchased from Aldrich Chemical
Company qﬂd used as is. Tﬁe reaction procedure was similar to
\Xhe general procedure described for the formylation of Grignaré
reagents. Benzaldehyde was isolated in 79% §ield and benzhydrol

was isolateq in 5% yield.

When the reaction was done ag\v10°c benzhydrol was

formed. Benzaldehyde was isolated in 81l% yvield.

Reaction of Phenyllithium with 2-(N-formyl- N-methvl)amino

pyrimidine (11)

The reaction procedure was similar to the general

procedure described for the formylation of Grignard reagents.

*-*~\‘ .' (145} - . ' S ///".

A\
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Benzaldehyde was-isolated_in 81l% yield. No benzhydrol was

isolated.

- Reaction of Phenvllithium with N-formyl piperidine (14)

The reaction proéedure waé similar to the general
procedure descrlbed for the formylatlon of Grignard reagentéb

‘When the reactlon was done at -10°C, 68% benzaldehyde and 18%

ben;hydrol were isolated.

Reaction of Phenyllithium with DMF (18)
_" . The reaction procedure was simiiar'to the géneral
proceddre described for the formyiﬁffgn of Grignard reagents.

When the reaction was done at -10°C 69% benzaldehyde and 9%

benzhydrol wereiisolated.

III.2.2.4. Polymer suppdrted formyiation agents 7 .

e

IIT.2.2.5. Preparation of @ —CH;I from @LCH,CI -
¢

18 g (118 mmol.) of sodzum iodide were dissolved in 50
ml of acetone and to this were added 10 g of@-CHZQ{4.O mecuuiv g (D.F. 0.52).° |
The mixture was stirred at room temperature for 36 hrs. The
polymer was filtered and washed with acetone {two times), water
(four tiﬁes}, dioxane:watér 2:1, methyl ethyl ketone (three
times); and finally in a Scxhlet extractor with dioxane:water
(80:20) for 24 hrs. The polymer was dried in vacuo at 40°C for
16 hrs. 13.52 g of polymer were obtained. D;?;=052;

-@ ~CE, -N-N__)

IIT.2.2.6 Preparation of CHO -(24)

To a mixture of 2. ll g (17 mmol.) of potaSSLum tert.
butoxide in 20 ml of THF were added 1.96 g (15 mmol.) of N(N=-

formyl)amlno piperidine under nitrogen. The reaction mixture was
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r

stirred at room j:exixperature for 15 min. and then at reflux
-_temper':aiture for 30 min. To this were added 3.50 g of @-CEZI(2.9‘
mequiv/g) and stirring was continued at ‘reflux ;ehperature‘ for

48 hrs. The‘polymer was filtered,‘ washed_witi: THF, water (four '
times) , TEF:water (2:1) (three times), ‘dioxane, CH2Cla and
methanol., It was then dried in vacuo at 40°C for 16 hrs. 3.62

g of polymer were Lsolated
D.F.= 0.25.

r
i
4

Iof analys:.s <3.6 mequiv/g.
@ -cE,-N N

»

III.2.2.7. Preparation of CHO (23)

The reaction procedure is similar to that ‘described for

the preparation of @ -CH, -N—N:> (24) o
CEO i
U51ng® -CH, I (2.9 mequa.v/g) r & polymeric reagent (23)

witkh 3.01 mequiv.N/g was obta:.ne-d after the reactJ.on. . /
D.F. = 0.19. , - R -

IIT.2.2.8. Preparation of ‘CHz‘N N-CHO (25)
\_/—

To a dispersion of 6.0 g of @-c'mc1(2.5 neqm.v/g) (D.F. 0.30) in 30
ml of DMF was added 5.13 g (45 mmol.) of N-formyl piperazine.
The reaction mixture was stirred at 90°C for 72 hrs. The'
.polymer was filtered, washed with DMF, water (segeral times),
dioxane, @0‘.’5 N NaOE (30 ml of- 0.5 NaOE with 10 ml dioxane andl
the polymer was left in the mixture for 60 min.), water (se{réral
times)’, dioxane/water (2:1), dioxane, CH2Cls and finally with
methanol. The polymer was dried in vacuo for 16'hrs. at 40°C. -

7.06 g of polymer 'v;vere obtained. D.F. = 0.28.

IR vmax = 1670 cn™l. N analysis=4.0 méquiv/g.
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III.2.2.9. General procedure for Formylation of Grignard
. . { R
reagents with polymeric formylation agents

12 mmol (60g) of polymeric reagent was dispersed in 40
ml of THF and to this were .aaded ,dropwise 718 ‘nnnol (3.29) of phenyl
ﬁagnesium-bfomiae in 20 ml of THF and thé/reaction was stirred at
room-temperature for 3-4 hrs. To thi§ wére added‘?s ml of 5%
HCl and stirred for a further 15 min. The polymer was filtefed
and washed with THF (two times): The combined filtrate was
extréqted with ether (four times). Thé combined organic
solutian was dried with MgS04 ;;d the solvents were evaporated
under reduégd pressuée. The crude produgt was then -subjected to- .
column chromotography using hexane:ethyl acetate (3:1) as the
eluant. ﬁenzaldehyde was isolated and the results are shown in
Table:(s).% The same reactiop was carried out at 60°C with the- (_,- ¢
reagent (25) and the benzaldehyde was isolated in 60% yield.‘ No

benthdrol was isolated.

A«-III.2.2.19. Regeneration of spent polymeric formylation agent

The polymer obtained after the formylatioﬂ'reacticn was :AJ
* . -{_' y . s h
washed with 0.5N NaCE (30 ml of 0.5 NaOH and 10 m;Jdioﬁane),

d

water (several times), dioxane:water (2:1), dioxane, Cé2C12‘and
methanol and dried-in_vacuo at 40°C for lG‘hrs. naﬁ%his polgyér
was added phenyl formate sufficient to make a suspension and the
mixture was stirred at 55-60°C for 48 hrs. The éolfﬁer was .
filtered, washed with CH5Cly (four tymes), dioxane, ether

(twice) and methanol and aried-uﬁde - vacuum at 40°C for 16 hrs.

b
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. : -
TIIT.2.2.11. Préparation of (B) -CHO from(® -Li with

different formylation egents.

General procedure

Tolg of ® -Br (2.99 mequiv/g) in 5 ml o-f benzene
were added 2 5 ml of n- butylllthlum (2.4 M in hexane) ‘and the
mixture was stlrred under nltrogen at 55°C for 2 1/2 hrs. The
polymer Was_flltered, washed with benzene (two times) and THF
(two times). It was then dlspersed ln 5-ml of. THF, cooled to

,room temperature and to this was added 9 mmol of formylation
o agent. The mlxture was stirred:at room temperature for 2 hrs.

To this were added 5 ml of 5% HECl and stlrrlng was continued for

a further 15 min. The‘polymer was filtered, washed with THF,

water (several times), acetone and then in a Soxhlet extractor

with dioxane/water (80:20) for 16 hrs. The polymer was dried

under vacuum at 40°C for 16 hrs. .
Preparar::.on of (B ~CHO from@ - Li with excess DMF

. 2

The reaction was carried out accordlng to general

. procedure described earller. Instead of 9 muol of DMF a large

excess was used.

Preparation of'@ -C=N-0OH from(®) -CHO

General Procedure .

" To 0. 5 g of () -CHO, prepared as. descrlbed earlier, in

5 ml of pyrldlne was added 0.315 g of hydroxylamlne
hydrochlorlde and the mixture was stirred at room temperature
for 16 hrs. The polymer was filtered and washed with pyridine
(two tlmes), water (three tlmes), water/dioxane (1:2), dioxane,

N %
THF end methanol. It was dried under vacuum at 40°C for 16 hrs.
) . : = .

L.l

<
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Thezpelymers were,chﬁracﬁe:ized by their IR spectra and’
nitrogen analysi;,.(Table(7D, ‘ | )
I1I.2.3. Chiral polymer-supported oxazolinés for asymmetric

>

synthesis
I111.2.3.1. Preparation of imino ether (53)159

-~

To 50 g of freshly distilled acetonitrile were added
—38.0 ﬁi of anhyd;ous ethanol. Dry BCl gas was buﬁbléd tﬁrough
this solution for 6 hrs. at room tempe;ature. To this were then -
added zopfhl of dry ether and the mixture was cooled: in a dry-
ice/acetone bath. The solid formed was crushed, washed with dry
_ether and dried under vacuum at 40°C for 16 hrs. '99.5 g (80%)
of imino etHer (53) were obtained. M.P. 97-98%. _
17 NMR anc13)‘s = 1.30 (t, 3H, J=7Hz); 2.85 (g, 28, J=7Hz);
4.70 (m,28H). - - o

IR vpax = 1657 cm~! strong broad.-

III.2.3.2. Preparation of oxazoline (35)159 T N

)

75‘g {0.34 mol) of imino ether (53) were dispersed in

300 ml. of CH3Clz, cooled to 0C° and to this were added 91.5‘b.

| (0.55 molj of (1S,28)-(+)-2-phenyl-2-~amino-1,3-propanediol. The
mixture was stirred at 0°C for 8 hrs., poured onto 150 g of
crushed ice and mixed throughly. The organic layer was
separated and the aqueéus layer was extracted with CH3Cl» (three
times{. The combined organic solution was dried witH.MgSO4 and
solvent was evaporated under reduced pressure. The solid

;obtained\yas dissolved in 200 ml of ether and-cooled in dry-ice

acetone. The crystals obtained were filtered, washed with cold

‘ether and dried under vacuum at room temperature for 16 hrs.

-
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90.6 g (81%) of oxazoline (35) were obtained. M.P. 58-60°C.
1z NMr (cDCl3) 6 = 1.16 (t, 3H, J=8Hz); 2.43 (q, 2, J=7Hz);

'3.83 (m, 4H); S5.33 (d, 1H, J=8Hz); 7.26 (s,5H)

IR Vpax = 1670 cm-1 strong sharp.

11112.3.3. Preparation of oxazoline (545159 -

To a stirred dispersion of 6.3 g (0.26 mol) of sodium
hydride in 25 ml T6F were added 45.0 g (0.22 mol) of oxazoline
{38) in 125 ml of TEF dropwise. The reaction mixture was then
stirred at reflux temperature for 3 1/2 hrs. and allowed to cool
to room temperature. To this were then added 40.5 g (0.28 mol)
of methyl iodide in 25 ml of THF dfopwise and stirring was
continued at room temﬁerature for 16 hrs. It was then poured
onto 200°g of crushed ice ahd,mixed-thoroughly. The organic
layer was separated and the agueous layer.waé extracted with
ether (four times). The combined organic solution was dried
witﬁ Mgsoé and thé éolvents wére_evaporated under reduced
pressure. The crudevproduct was subjected fb distillation under
reduced pressure. 43.9 g (91l%) of oiazoline (54) were
collected. Boiling point 120-125°C at 4 torr.
lg NMrR (CDCl3) 8= 1.33 (&, 3H, J=8Hz); 2.46 (q, 2H, J=8Ez);
3.56 (m,5H); 4.20 (m, 1H); 5.35 (d, 1E, J=7Hz); .7.36 (s, S5H).
IR Vpax = 1670 cm~l strong ‘sharp. -

III.2.3.4. Preparation of amino alcohol (29)159

To 43 g of oxazoline (54) were added 230 ml of 3N ECl
and the mixture‘was stirred at reflux'temperature for 5 hrs.,
then allowed to éool to room temperature. This seclution was
made basic (pH9) by adding NaOEH. .It was then extracted Qith

ether (four times). The combined 6rgaﬁic solution was dried

[
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with MgSO4. and solvent was evaporated. The crude product was

then disselved in 25 ml of ether anE cooled in an ice bath for

. erystallization. Crystals were filtered, washed with cold

ether, and dried under vacuum at rooh temperature tor lé hrs.
25.5 g (71%) of amlno alcohol (29) were obtalned. M.P. 48-=50°C.
1g sMR (cpcly) S= 2.46 (b.s, 3H); 3. 06 (q« 1E,J 7Hz), 3.86 {m,@_H),-
5.35 {4, 1w, J=7ﬁz); 7.36 (s,5H).

Mgs = +24.3° (c=2, CHCl3)

III.2.3.5. pttempted preparation of oxazoline (38).

5.0 g (10 mmol) of oxazoline (35) were dissolved in 60
ml of pyridine cooled in an ice. bath and to this solation ware
added 10 g (15mmol) of freshly crystallizeé p-toluenesulfony;
cbloride; fhis was stirred until all the p.toluenesulfonyl _
chloride was dissolved and then left in the freezer for 24 hrs..
It was then poured into 400 g of ice-water and stirred for 15
min. The crude organic layer was separated and the agueous
layer was extracted with ether (three times). The comblned
organic solutlon was dried with MgS504 and the solvents were
evaporated._QCrystalllzatlon was attempted with ether/pet. ether
(B.P.30-60‘°C)' (2:1). 2.0 g of white solid was isolated. The_; |
proton NMR of this compound was complex and did not agree with -

that expected for oxazoline (38). - 4

III.2.3.6. Preparation of okazaline (39) .

2.05 g (10 mmol) of oxazoline (35) were dissolved in 10

ml of dry CCls and to this‘solution were added 3.4 g (13 mmol)/.:'

' of -triphenylphosphine. The mixture was stirred at reflux
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,5f€E§E;Ltu;e for 1 hr. The reaction was stopped ;nd_to this was added
‘ 5 ml of pet. ether (B.?.30~60°C). The precipitate was filtered,
the §olvént ‘were evaporated from the filtrate, and the crude
was subjdcted to column chromotography using begzene/methanol

(50:1) as'the eluant. 1.83 g (77%) of oxazoline (39) was
‘obtained. Paie-yeilow oil.-?&ew compound) )

le NMR i(CDCl3) & = 1.23 (t, 3H, J=8Hz); 2.40 (g, 2H, J=8Hz):
3.63 (m, 2H); 4.23 (m, 1H); 5.33 (4, 1H, J=6Hz); 7.33 .(s, 5H).
IR Vpax = 1670 cm~} strong sharp. '

M.S. = 223,130,117,82.

IIX.2.3.7. Preparation of oxazoline (40)

'2.05 g {{10 mmol) of oxazoliné {35) were dissolved in 10
ml. of acetonitrile under nitrogen and to this were added 3 g '
(20 mmol) of NaI and 1.21 g (12 mmol) of'trieéfflamine. To this

-

stirred solution was added 1.08 g (10 mmol) qX: chloro triméthyl-
silane: The stirring was continued at rbom::hp\

e;atu;é for 3
hrs. and t§;n the reaction was poured onto 50 g.of ice-water
mixEure. .The organic layer was separated and the agueous layer
wés extract?d with ether (three times). The combihed organic
solution was washed once again with water, 5% Na5203, brire,
driéd with -MgSO4 and the solvents were evaporated. 2.64 g (éO%}
of oxazoline (40) were obtained. (New compoénd).

, LE NMR (CDC13) 6= 1.13 (t, 3§, J=8Hz); 2.26 (q, 2H, J=7Hz);
é.ss (m, 3H); 5.20 (4, lH,‘J=;§z); 7.10 (s, 5H)

IR Vpax = 1670 cm~l.

-



IrT.2.3.8. . Preparation of Oxazoline (37)

-'\E.'Sﬁ)_ .

a) Under phase tranéferdconditions.

b)

" To a solution of 0.20g (lmmol.) of oxazoline (39)

in 2 ml. of 1,2-dichlorcethane were added 0.19

(3mmoi.l of pheneol, 2 ml of 5N NaOH and 20 mg of tert.
butyl amonium hydroxide and the reaction mixturé was
stirred at room temperature for 5 hrs. It was extractéd
with methylene chloride (three times) and the: solvents
were evaporated under reduced pressufe. The crude
product was subjectea to column chromotography using
ether - pet.ether (B.P. 30-60 7). d.ng éf hydroxy -

methyl oxazoline (35) was isolated as the only product.

Under homogeneous conditions.

Sl

To a solution of 0.20g (lmmol;) of oxazoline (39) in
3 ml. of DMSO was added 0.33g (3mmol.) of freshly
prepared potassium phenclate and the reaction mixture
was stiired at room temperature. The reaction was
monitorea by TﬁC and the starting material remained

unchanged even after 15 hrs. | -
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IIIr.3. Synthesis of optically active polymers

ITII.3.1. Preparation of polymers with chiral substituents in

the side chain

II1.3.1.1. Preparation of p-acetvl,(2-chloroethyl)benzene ({39)

48 g (0.61 mol) of acetyl chloride were dissolved in 80
ml of 1,2-dichlo£oéthane and to this were added 45 g (0.34 mol)
of aluminum chloride while cooling. This solution was then  _
added to 40,5 g (0.29 ﬁoi) of (2-chlo:oetﬁyi)benzene in 100 ml -
-of 1,2-dichloroethane over a period of 10 min. with stirring. )
The stirring was c;ntinued for 75 min. and thé reaction mixture
was poured slowly onto a mixture of 500 g of crushed ice and 100
' ml of concentrated EC1. fhgy were mixed thoroughly, the organic
layer was separated, and the aqueous layer was extracted with
CH2Cl; (two times). The combined organic sdlhtion was washed
with 10% HCl, 10% NaOE and finally with matér. It was then
dried with MgSO4 and the solvents were évaporated. The crude
product was then subjected to distillation under reduced
pressure. The fraction boiling at 109-113°C (2'torr) was
collected and weiéhed. 45.1 g (90.4%) of p-acetyl(2-
chloroethyl) benzene (43) were isolated. Pale yellow oil.
lg NMR (CDC3) & = 2.60 .(s, 3H); 3.13 (t, 2H, J=THz);
3.76 (t, 2B, J=7Bz); 7.33 (4, 2E, J=8Ez); 7.90' (&, 2H, J=8Hz)

IR vpax = 1685 cm~! strong sharp, 2240 cm~l weak.
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IIr.3.1.2. Préparation of p-acetvyl (2-cyanoethyl) benzene (44)

To 5.92 g (0.12 mol) of sodium cyanide in 30 ml of
dimethyl sulfoxide were added 20 g (0.1l mol) of p-acetyl(2-

chloroethyl) benzene. The mixture was then stirred at 130°C for

4 hrs. It was allowed to .cool to room temperature and to this . -

were added 100 ml of water. This solution was then é;tracted
with ether (five time). The combined organié solution was
washed with water (three times), dried with MgSO4 and solvents
were evaporated. The crude was_subjecéed to distillation under
reduced pressure. 14.02 g (79%) of p-acetyl (2-cyancethyl) -
Eenzene'(44) were obtained. Boiling point 152-i54°c‘at 2 torf.
Colourless o0il. (New compound). ; - o ‘
lg MR (CDCl3) & = 2.3§ (m, 78); 7.26 (d, 2H, J= 8Hz);

7.83 (4, 2H, J=8Hz).

IR vméx = 1685 cm~l strong sharp, 2240 cm-1 weak

M.S. = 173, 158, 130, 118, 103.

ITI.3.1.3. Preparation of p-l-hvdroxyethvl(2-cvanoethvl)

benzene (45)

To a stirred solution of 14 g (80 mmol) of p=-acetyl (2-
cyanoethyl)benzene in 30 ml of ethanol was added 1:65 g (45
mmol) of sodium borohydride. The stirring was continuedvat room
temperature for 2 hrs. To this were added 75 ml of 1% NaOH and
mixed thoroughly. It was then extracted with ether (three
times), the combined 6rganic solution was dried with MgSQ4, and

the ‘solvents were evaporated. 13.21 g (94%) of

o

-~
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P'l”hYdroxYEthYI(2—cyanoethyl)benzene (45) were obtained.

-

.-Colourless oil. (New compound) .

1 NMr (CDC13) § = 1.50 (4, 3H, J=6Ez); 2.7 (m, sa); 4.86
(g, 1H, j=9Hz);>7.20 (m, 4K).

IR vpax = 2240 cm~l weak, 3500 cm-l strong broad.

ITI.3.1.4. Preparation of p-(2-cyanoceth !)styrene. (46)

0.38 g of 4-tert. butyl catechol was dissolved in 30.5qg

of p—l-hydrokyethyl(z-cyanoethyl)benéene and to this was added
0.38g of potassium bisulphate: The mixture was stirred at 190°C
for 60 min. The water formed in the reaction was removed under
reduced *pressure from time to time during this §eriod. Thé
crude product was then subjected to high pressure liguid
chrémotography'using hgxane:ethyl acetate (3:1) as the eluant.
8.8g9 (32%) of p-(2-cyancethyl)styrene (46) were obtainea. Pale
~yellow oil. (New compound). ~

1z NMR (CDCl3) § = 2.90 (m, 4H); 5.36 (4, 1H, J(cis)=8Hz);

5.83 (d, 1H, J(trans)=16Hz); 6.83 (g, lE, J(cis)=8Hz); 7.26

(d, 2H, j=8Hz); 7.50 (d, 28, J=8Hz) ‘ |

IR vpax = 2240 cm~1 weak sharp

M.S. = 157, 128, 117, 102, 91, 77.

I111.3.1.5. Preparation of styrene-p-(2-cvanoethyl) stvrene co-

polymer (47)

-y
To C.1l5 g of benzoyl peroxide in a special

© polymerization tube were added 6.0g (57 mmol) of styrene and

3.0g (19 mmol) of p~(2-cyancethyl)styrene. They were mixed
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well and the benzoyl peroxide was allowed to dissolve. The tube
was then immersed in a liquid nitrogen bath and was evacuated.
The tube was sealed and placed in an ovén at 60°C for the
polymerization to occﬁr. The tubé.was taken out afte: 48 hrs.,
broken and the hard solid pélymer was dissolved in CH2Cls.- The
polymer wasﬁprecipitéted-in mgthanol and dried under vacuum at
-40°C for 16 -hrs. 7.95 g (88%) of styrene-p-(2-
cyanoethyl)styrene'copoiymer (47) were_obtained.
lg HMﬁ (CDCi3) S = 1;00-§.10 (20 aliphatic hydrogens); 6.0q-2,40
(19 aromatic~hydrogens)

-

IR Ypax = 2245 cm~l weak sharp.

111.3.1.6. Preparation of polymeric imidate (48)

7.0 g of styrene-p-(2-cyancethyl)styrene co-polymer were
dissolved in 150 ml‘of dry dioxane and to this were added 100 ml
of dry ethanol. Dry HCl gas was bubbled through this stirred
solution for 8 hrs. The solvents were removed under reduced
pressure until the total volume of the solution was about 4 ml.
The polymer was precipitated in dry ether and dried under vaéuum
at 40°C for 16 hrs. . 8.05 g of polymeric imidate (48) were
obtaihéd. ' | . e

IR Vpax = 1658 cm~l strong, 2800-3200 cm~l strong broad.

III.3.1.7. Preparation of polymeric oxazoline (49)

6.5 g of the polymeric imidate (48) were dispersed in
100 ml of CH2Clz and cooled in an ice bath. .To this were added

3.2 g of amino alcphol'izsf and stirring was continued at 0°C
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for 8 hrs. Tﬁe solvent was evaporated under reduced pressure
and ;he ﬁblyﬁer was dissolved in 3 ml of THF, then precipitated
in water. It was filtered and dried under vacuum at 30°C for 16
ﬁrs. 6.82 g of polymeric oxazoline (49) were obtained.

lm WMR (CDCl3) 6= 1.00-3.00 (16 aliphatic hydrogens); 3.00-3.70
(5 hydrogené); 3.90-4.20 (1 hydrogen); 5.20-5.40 (1 hydrogen)
6.10-7.40 (24 hydrogens)

IR vmax = 1645 cm~l strong sharp.

III.3.1.8. Preparation of polymeric oxazoline {50)

4.0 g of polymeric oxazoline (49) were dissolved in ‘75
ml of TEF under nitrogen and to this éas added at -78C°, 6.3
mmol of lithium diisoprbpylamide, preparéd from 2.97 ml of n-
bulyllithium and 0.88 ml-(6.3 mmol) of Qiisopropylamime. The
reaction mixture was stirred at -78°C for 2 hrs. The
teﬁperature was decreased to -98°C using a liquid
nitrééen-meﬁhanol bath and allowed to equilibrate for 30 min.
To this was added (.56 ml (6.3 mmolf of dimethyl sulfate in 15
ml of THF over a period of 30 min. Stirring was continued at
—-98°C for 5 hrs. and then at -78°C for 16 hrs., after which it
was allowed to'warm to room temperature. To this were added 4-5.
drops of water and the solvents were removed under reduced '
pressure until thé volume became about ¢ ml. The polymer was
precipitated in waﬁer, filtered and dried under vacuum at 30°C
for 16 hrs. It was again dissolved in 3 al of CH2Clo and
reprecipitated in methanol.' The po}ymer was filtered and dried
‘under Gécuum at 30°C for 16 hrs. 3.94 g of polymeric oxazoline

(50) were obtained.
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lg NMR {CDCl3) § = 1.00-3.00 (19 aliphatic hydrogens) 3.00-3.70

.{5 hydrogens); 3. 90-4.20 (1 hydrogen), 5. 20-5 40 (1 hydrogen),

6.10-7.40 (24 hydrogens)

IR vpax = 1645 cm~l strong sharp. = - ‘ .

. IIT.3.1.9. Preperation of polymeric carboxylic acid (Sl)

2 g of polymerid‘b;azoliﬁé (50} were diss?éggd in 25'm1
of THF and to this were added 25 ml of 6N ECL. The mixture was
then stirred at reflux témperature for'24 hrs. Solvents wére
evaporated under reduged"pressure, and thé polymer was dissqlvéd
again in 4 ml of THF, then precipitated in wateér. It was érigd
under vaéﬁo at 40C° for 16 hrs. The polymer was dissolved aéain
in-4 ml. of CH2Cl; and Teprécipitated in methanol and dried .
under vacuo at 40C° for 16 hrs. 1.78 g of polymeric carboxylic
acid (51) were obtained. |
IR vpax = 1710 cm~l strong sharp, 2500-3300 cm~l broad.

[aJ DlS given in Table (9).

III.3.1.10. Esterification -of polymeric carboxylic acid (51)

with diazomethane-

0.5 g of polymeric carboxylic acid (Sl) was dissolved in

10 ml of THF aﬂd cooled in an ice bath. To this stirred

solution were added 20 ml. of diazomethane solution

(approximately 1.4 M in ether) slowly. The reaction mixture was

stirred at 0°C for 1 hr. and the solvents were evaporated. The

resultiﬁb polymer was dissolved in 2 ml of THF, precipitated in

methanol} and dried under vacuum at 40°C for 16 hrs. 0.49.g of

polymeric ester (52) was obtained. . A
3— = d

9.
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lH NMR' (CDC13) S =1, 00-3 00 (18 al;phatlc hydrogens) ,3 50~ 3.80
(3 aliphatic hydrogens): 6.00-7.3" (19 aromatic hydrogens) |

IR vpax = l738-cm‘1 strong sharp. R v ﬂ
[‘lygls g:.ven in Table (9). - o Y - » ‘
. .
. - -
III.3.2. ' Model studies h A

—III.3.2.1. Preparatlon of (2—cyanoethyl)benzene (56)

. 6 9 g (0.12 mol) of sodium. cyanlde were dlspersed in %0

ml of dlmethyl sulfoxide and to this were added 15.0 g (0.08

nol) of (Z-bromoethyl)benzene and the mixture was- stirred at

130°C for 16 hrs. It was then allpwed té“bool to room’

temperature and to this were added 150 ml of water. This ) ‘ i
) solutlon was extracted with ether (four tlmes), and the comblned
Eorganlc solutron was washed with water (;hree times) ; dﬁled'Wlth

.MgSO4, and tne solvents were euaporated? Tne crude was then

subjected"to distillation under reduced p:éssure. 8. 96 g (84%)
- of (2-cyanocethyl) benzene (SG) were obtalned. Pale ye’I‘; oil. Z'

15 NMR (CDCl3) &= 2.66 (m, 2H); 2.96 (m, 23)“ 7.23 (s?lsay.

IR vpax = 2245 qm‘l weak sharp. S

ITI.3.2.2. Preparation of imino ether -(57) - . . e

To 7.0 g (0 5 mol) of (2-cyanoethyl)benzene were added- 3

'through the stlrred solutlon for 4 hrs.  The reaotlon mixtureﬁ
was then left in the freezer overnlght._ The white-yellow'solfd
was crus ed, washed with dry ether and:drlfgfunder vacuum at
'30°C for 16 hrs. 10.01 g (88%) of. imino ethefsgﬁzg were
lsolated Whlte.ggzéd. (New compound) "b

. IR “max = 1657 cm -1l strong broad | | -

N i T N L - ‘ T
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Preparatzon of Oxazollne (58) .

LY

15.0 ¢ (0.07 mpl) of imino® etheér (57) were dispe:sed 1n

.200 ml of dry CH2Cl2, cooled Ln ah 1ce bath and to this was
added 13.9 g (0.077 mol) of amino alcohol (29). This was
stir{5§ at 0°C ‘for 5 hrs. and then mzxed with 150 g of crushed
1lce. The organic layer3Q3§ sepagated and the aqueous layer wes'
extracted with CH2Clz (two times). The combined organic
solution was dried with-MgSO4 and the solvenﬁé_were~eveporated'
-under reduced pressure. The crude productlwas then subjected to
colpmn chromotography using hexane/ethfl acetate (4:1) as the
eluant. 13.58 g (66%) of oxazoline (58) were obtained. Pale

yellow oil. (New coumped).

-

‘B NMR (CDCl3) § = 3.00 (m, 4H); 3.60 (m, SH); 4.10 (m, 1H);
5.30 (d, IH, J=7Hz); 7.26 (s, 10H). I ‘

IR vpax = 1665 cm~t strong sharp
M.S. = 285, 250, 222, ‘149, 105, 9. . >

Preparation of oxazollne (59) . . v]
7.37 g (25 mmel) of oxazollne (58) were dlssolved in 100

ml of THF cooled ‘to -78°C under nltrogen and tp thls was added
‘ 25 m.mol of lithium dllsopropylamlde prepared at -78°C by
reactlng 10.37 ml (25 mmol) of n-butyl lithium with 3.5 ml\}ms
.Hmmol) diisopropylamine in 20 ml of TQF. The reaction mixtu;z‘
was stirred at -78°C for 60 min. The temperature was- decreased

: - |

to =98°C and the regetion mixture was allowed to equilibrate for

30 min. To this were’added 2.2 ml (25 mmol) of dimethyl sulfate

in 25 ml of THF over a period of 25 min. Stirring was continued .

R * MY
at -98°C for S5 hrs. and at -78°C for 16

~5 , ' .

’
sy .

~
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hrs. The feaction mixture was allowed to warm up to room
temperature and added to lOO'g of crushed ice. The o;ganic
layer was sesarated ahd'the agqueous layer was extracted with
ether (three times). The combined organic layer was dried with
MgSO4 and the solvents were evaporated under redﬁced pressure.
The crude product was purified by passing through a silica gel
‘column using hexane/ethyl aeetape (6:1) as the eluant. 5456 g
(72%) of oxazoline (59} were isolated.. Paie yellow oil. L
lg NMR (CDCl3) & = 1.26 (m, 3H); 2.93 (m, 3H); 3.50° (m, 5H);
4;10 (m, 1H); 5.30 (é, 1H, J=7BHz)}; 7.26 (s, ldH).

IR vpax = 1665 cm~l strong sharp.

Preparation of chiral 3-phenvl-2-methyl provapoic.acid (55)

To 4 g of oxazollne {(59) were addgﬂ 100 ml of 6N ECl and
the mixture was stlrredzat reflux temperature for 26 hrs. The

reaction mixture was aliowed to cool and extracted Wlth ether

(three times). The combined’ organic solution was dried with
MgsSO4 and concentrated. The crude product was subjected to -
column chromotography ksilica gel) using benzene/methanol (10:1)
as the eluant. 1.7 g (80%) of 3-phenyl-2-methyl propancic acid (55) was
isolated. Pale yellow oil. . - ’ |

'E MMR (CDCl3) ‘6 = 1.16 (4, 38, J=6Hz); 2.83 (m, 3H); 7.15 -
(s, 5H); 10.15 (s, 1lH).

IR vpax = 1710 cm~l strong sharp, 12500-3300 cm‘l strong.
Ia]25 = -19.4° [c=2, cac1,]. '

4
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III.3.3.Preparation 6f_polxmers with main chain chirality -

.III.3ﬂ371. Preparation-of pélygeric imidate (63)

' 5.0 g of styrene-acrylonitrile copolymer (4.42 mmol N/é)
‘were dissolved in 185 ml of anhydrous dioxane and to this were
.added 125 ml of'aﬁﬁydrous etﬁaﬁol; Dry HCl gas was bubbled
"through this solution for ZE‘hrs.ﬁ The solvents wére removed
under reduced pressﬁfé until the total volume was about 5 ml. The

polymer was precipitated in anhydrous ether and dried under

" vacuum at 40°C for 16 hrs. ©5.61 g of polymeric imidate (63)

wére obtained.
IR wvpax = 1658 cm~! strong sharp, 2500-3200 cm~l strong. .

III;3.3.2. Preparation of polﬁmeric Oxazoline (64)

3.5 g of polymeric imidate (63) wgre &ispersed'in 75 ml
of CE2Cl; and coocled to 0°C. To this were added 3.04 g of é;ino‘
alcohol(29) and thezea.ctmn mixture was stirred at 0°C for 16 hrs:.

.Thé solvent was removed‘unaer reduced pressure, and the .'
resulting polymer was dissolved in 5 ml of THF ahd precipitated

in water. It was filtered and dried under vacuum at 40°C for 16

hrs. 3:85 g of polymeric oxazoline (64) were obtained.

g R (CDCl3) . 6 = (0.80-2.50 (main chain aliphatic
- hydrogehs); 3.00-3.40 (methoxy methyl hydrogens);
?'< 3.40—4.20 (methylene hydrogens and the hydrogen on the
© tert. carbon nextlté‘the nitrogen of the.oxazoline -
B ring); 5.80-6.20 (hydrogen on the tert. carbon next to

the oxygen’ of the oxazoline ring)} 6 50-7.50 ( aromatic
ke o
hydrqgens).”

IR “pax = 1645 cm=l Strong sharp. 2235 cm™t weak sharp.’




(164}

A
-
i

IIT.3.3.3. Preparation of polymeric oxazoline (65)

2.0 g of polymeric oxazoline (64) were dissolved in 100
ml of THF under nitrogen and the solution was cooled to -78°C.
To this was added 5.1 mmol of- lithium diisopropylamide prepared
at -78°C by reacting 2. 15 ‘ml (5 1 mmol) of n-butyllithium and
..0.45 g_(s,l mmol) of diisopropylamine in 15 ml of TEP. The
stirring was continued at. =78°C for 2 hrs. The reaction
temperature was decreased’to -98°C and allowed to equilibrate
for 30 min.‘ To this was added 0. 45 ml (5.1 mmol) of dimethyl
sulfate in_10 ml of THF slowly over a period of 30 min.
Stirring was continued at/-98°C for 5 hrs. and then at -78°C for
16 hrs. It was allowed to parm‘up to room temperature, and 4-5
drops of water were added, mixed thoroughly, and the solution
concentrated until total volume becagehabout 4 ml. The polymer
was precipitated in water, filtered and dried under vacuum at
«40°C for 16 hrs. It was dissolved again in 4 ml of CHgClg and
reprecipitated in methanol and dried under vacuum at 40°C for 16
hrs., 1.99 g(ﬁf}polymeric oxazoline (65l were obtained.

1E NMR in CDCl was 51milar’to that of<(64) except for the three

additional al hatlc hydrogens at-§=.0. 80=2 40.

IR vgax = 1545 strong sharp. 2235 cm ' weak-sharp.

-

III.3.3.4. Preparation of polymeric carboxylic acid (66)

1.5 ¢ of pol fic oxazoline (65) were dissolved in 30
nl of TEF and to this were added 25 ml of 6N ECl. The mixture |
was stirred at reflux temperature for 24 hrs. The  solvent and

%

&
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water were removed uwnder reduced pressure, and the polymer was

dissolved in 4 ml of THF and precipitated-in water. It was

filtered ‘and dried under vacuum at 40°C for 16 hrs. . The pbf&m T

Lot -
was dissolved again in 4 ml of CH2Cl2, reprecipitated in

methanol, filtered, -and dried under vacuum at 30°C for 16 hrs.
1 25 g of polymeric carboxyllc acid (66) were obtained.”

lg NMR.{ 8= 0.80-2.50 (aliphatic hydrogens); 6.20-7.50

(aromatic /hydrogens)

IR vpax = 1728 cm~1 strong.sharp, 2235 em + weak sharp. -

I11.3 . . 13c label studies

III.3.4.1. Preparation.of 13¢C.labelled oxazoline (68) :

To a dispersion of 0.90 g of sodium hydride in 10 ml of
THF was added a solution of 3.33 g of coxazoeline (3S5) in 10 ml

of THF under nitrogen. Stlrrzng was continued at reflux

temperature for 2 hrs. After the'reaction'mixtﬁre had cooled to

room temperature, 3.0 g of 13C labelled methyl iodide (90% 13C
enriched) in 5 ml of THF vere added dropw1se. Stlrrlng was
coétinued et room temperature for 5 prs. The mixturelwas poured
into 50 g of crushed ice and mixed thoroughly. The organic
layer Qas separated and the aqueous Layer was extracted’ w1?§
-ether (three txmes). The combined organic solution was drled

‘with MgSO4 and the solvents were evaporated. The crude was then

subjected to distillation (bulb to bulb)'under reduced pressure.

' 3.40 g of 13c labelled oxazoline (68) were obtained. - Pale S

yellow ozl.
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1E NMR (CDCl3) &= 1.25 (¢, 3H, -J=7Hz) % 2.33 (q, 2H, J=7Hz):
3.30 (4, 1H, J=140Hz); 3.50 (m, 2H); 4.03 (m, 1H); 5.22

~

{d, 1B, J=7H2): 7.16 (s, 5H)..

IR Vmax = 1665 cm~l strong sharp.

III.3.4.2. Preparation of 13C labelled amino alecohol (67)

To 3.30 g of 13¢ labelled oxazoline (68) was added 15 m1
of 3N HC1 and the mixture was Stered at reflux temperature for
5 hrs. It was allowed. to cool to room temperature and was made
besic (pHQ) by adding-NaOH. This was then extracted witd ether
(fout times). The combined oréanic selution was dried with

MgSO4 and concentrated. The crude was dissolved in 3 ml " of

- ether and cooled “in an ice bath. Crystals were filtered, washed

with cold ether, and dried under vacuum at 30°C forkls hrs.
1.88 g (69%) of 13C labelled amino alecohol (67) were obtained.
White solid. M.P. 48-50°C. N

1 »MR (cDC13) 6= 2.30 (b.s, 38, exchanged with D0); 3.00

(&, 38, J=140Hz); 3.16 (m, 3H); 4.53 (d, 18, J=78z); 7.30
(s, SH). |
[e] %? = +24.2° (c=2, CECljy). .

Preparation of 13C labelled polymeric oxazoline (69)

The reaction was carried out according to the procedure
described for the preparation of polymeric oxazoline (64) using

13c 1abelled amino alcohol (67).

. ’ . . . . . .“:_.\
lp- MR (€DC1l3) € = 0.80-2. 50-(maln chain aliphatic
) hydrogens and half of the methoxy hyd;ogens), 3. 40 4.40

(methylene hydrogens, the hydrog?ﬁ,;; the tert.-carbon

. :{$, i
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nextrto the.nitrogen of the oxazoline ring and éart of
the methoxy methyl hydrogens); 5.80-6.20 (hydrogen on
the tert. garbon:next‘to the oxygen of the cxazoline
ring); 6.50-7.50 (aromatic hydrogens).

IR max = 1645 cm~l strong sharp.

13¢c mMr (cpc13) € = 59.8 Ppm strong.

Preparation of 13¢ labelled polymeric oxazoline (70) =

.The reaction.wae carried out according to the procedure
described for the preparation of polymeric oxazoline {65) using
13C labelled polymeric oxazoline (69).

1 NMR in CDCl3 was similar to that of polymer (69) except for
the three additional hydrogens at & = 0.80-2.40.

IR Vpax = 1645 cmT™t strong sharp.

13¢c mMr CDCly © ='59.8 strong.

Preparation ©f chiral polymeric carboxylic acid (71)

The reaction was carried out according to the procedure
described for the preparation of polymeric carboxlyic acid-éSS).
13¢ 1abelled pelymeric oxazoline (70) was used for this
preparation. o .
lg NﬁR (CDC13T § =.0.80-2.50 (aliphatic hydrogens); 6.20-7.50

(aromatic hydrogens).

IR Qmax,= 1728 cm~1 strong sharp

13¢ mmm (CDCl3) very smali band at § = 59.8.

5 ' . .
Preparation of 13c 1abelled polymeric oxazoline'(72)

LY

The reaction was carried out accordlng to the procedure

descrlbed for the preparatzon of polymerlc oxazollne (49) using

l3gfI/eelIé< amino alcohol (67) and polymerlc imidate (48).

lg NMR (CDCl3) "8=  0.80-3.00 '(main chain allpha.tlc
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hydrogens and half of the methoxy hydrogens); 3.00-4.40
(methylene hydrogens, the hydrogen on tert. carbon next
to fhe nitrogen of the oxazoline riné and part of the
methoxy methyl hydrogens);: 5.0-0 (hydrogen on the tert.
Car?on next to the oxygen of the oxazoline ring);‘
6.50-7.50 (aromatic hydrogens) .

IR Vpax = 1667 cm-1 strong sharp

13c mMR (CDC13) 59.2 very strong.

Prgparation of 13¢ labellgd polymeric.oxazoline (73)

The reaction was carried out according to the procédure
described for‘the Preparation of polymeric oxazoline {50) using
13¢ 1abelled polymeric oxazoline (72).
lg NMR in CDCl3 was similar to that of the polymer (72) except
for the three additional hydrogens at 6§ = 0.80-3.00.

IR Vpax = 1667 ecm™1 strong sharp.
13c NMR (CDC13) sz 59.2 very strong.

Preéafation of chiral polymeric carboxylic acid (74)

This reaction was‘carr&ea ouﬁ accofding Eb the procedure
described for the preparation of pelymeric carbéxylic acid (51)
using 13C labelled polymeric oxazoline (73).

IR Vmax = 1710 cm~l strong 'sharp, 2500-3300 cm-1l strong.

'Preparation of chiral polymeric carboxyvlic acid methyl ester
a5 - :

' . This reactlon was ‘carried out accordlng to- the procedure .
descrlbed for the. preparatlon of polymerlc carboxyllc acid ester

(52) using poi ic caqbcxyllc ac1d (74) .

i
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-y

g NMR (CDC1j3) § = 1.00-2.90 (aliphatic hydrogens);
< 3.40-3.60 (methyl ester group hydrogens); 6.00-7.20
(aromatic hydrogens). - .

IR Ypax = 1738 cm~l strong sharp

13¢c MR (CDCl3) § = 59.2 very weak, 173.9 weak broad.
, _

¥
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" Claims to original research

l} Development of a a high capacity, fully recyclable ]
polymer supported reagent agent for the reduction of carboxylic
acid chlorides to aldehydes. _

2. Demonstration of'tpe importance of the second nitrogen
ligand in formylation reaéents due to the formation of five and
six-membered ring chelate intermediates in the ‘formylation .
reaptions of Grigrard and alkyllithium compounds,iwhich lead to
the fprmation of aldehydes in very high yields.

3. | DeveIOpment of polymer-supported formylation agents for
Grignard and alkylllthlum compounds, which were shown to be
recyclable without any appreciable loss of activity.

4. Synthesis 6f‘a chiral polymer with chiral'siﬁe chains by

a2 chemical modification of an achlral polymer w1th asymmetric

induction. . Fac_y

’

5. °  Synthesis of a chiral polymer with main chain chirality
by a chemical modification of an achiral polymer with asymmetric

induction.

~\
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PUBLICATIONS ARISING FROM THIS THESIS

-Amafatunga and J.M.J. Fréchet. ' Polymeric Reagents. V;?}_
Polystyryldiphenylphosphine Tetrahydrobo:ate Copper - (1), -a
new recyclable reducing agent. Polym. Prep., 22, 151
(1981). - :

W. Amaratunga’ and J.M.J. Fréchet.  Recyclable polystyrene

based polymeric reagent for the reduction of acid chlerides.
Polymer Bull., 7, 361, (1982). |

J.M.J. Fréchet, W. Amaratunga and J. Halgas. New functional
polymers and their préparation and application” as

enerable reagents, separation media, or in .asymmetric
synthesis. Nouv. J. Chem., 6, 609,(1983).

" W. Amaratunga and J.M.J. Fréchet. The' role of chelation in

the formylatlon of Grignard reagents with N-foryml amines.
Tetrahedon Lett., 1;43 (1983).

W. Amaratunga and J'M J. FPréchet. Chem1ca1 modlflcation of
polymers; Asymmetrlc induction 1n the main c¢hain or Slde
chain of nitrile containing polymers. in preparation.
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