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ABSTRACT

A study was carried out to convert I-tetralone

and some of its derivatives to the amines by

Leuckart reaction. In this reaction, the ketones

(1) 1- c e t r-a lo n e , (2) 5-methoxy-l-tetralone,

(3) 6-methoxy-l-tetralone~ (4) 7-methoxy-l-tetralone

and (S) 5,7-dimethyl-l-tetralone were converted to

the formyl derivatives. Thes8 formamides namely,

(la) 1,2.3,4-tetrahydro-l-naphthyl, (~a) 5-methoxy-

-1,2,3,4-tetrahydro-l-naphthyl, (3a) 6-methoxy-

-1,2,3,4-tetrahydro-l-naphthyl, (4a) 7-methoxy-l,2,3,-

4-tetrahydro-l-naphthyl and (Sa) S,7-dimethyl-

-1,2,3,4-tetrahydro-l-naphthyl formamides were then

hydrolyzed to their correspondin[ amines:- (Ib)

l-aminotetralin , (2b) l-amino-S-methoxytetralin,

(3b) l-amino-G-methoxytetralin, (4) l-e]mino-7-

-rne t ho x y t et r-e li n , and (Sb) l-amino-5,7-dimethyltetralin.

This was carried out b~ both acidic (concentrated

hydrochloric acid) and b~sic (lC~ 2QUeCUS NaO~)

can d it ion s . The form erg av e y ie 1d s ran gin g Trom G~~

to 7S%, while the latter gave yields ranging from

90% to 97%. Acid hydrolysis of 3a and 4a gave
black-gummy compounds and no amines were obtained.

This 'showed that hyd r-o Ly s i s vo f formyl derivatives

under basic conditions gave better results and is

recommended.



Suitability of these l-tetralinyl groups as

potential carboxamide protec~ing Tor asraragine

and glutamine side chain amide groups were investi-

gated. The amines lb,2b,3b,40 and 5b were used as

precursors to prepare the carboxamide protected

derivatives namely, (6) Boc-Gln(l,2,3,4-tetrahydro-

-l-naphthyl)-a-OBzl, (7 1 Boc-Asn(1,2,3,4-tetrahydro-

-l-naphthyl)-S-DBzl, ( 8 ) Boc-Gln(5-methoxy-

-l,2,3,4-tetrahydro-l-naphthyl)-a-OBzl, (9 1 Boc-Asn-

(5-methoxy-l,2,3,4-tetrahydro-l-naphthyll-S-OBzl,

urn Boc-Gln (6-methoxy-l, 2,3, 4-tetrehydro-l-napthy1 l-

-a-OBzl, (11) 6oc-Asn (6-methoxy-l, 2,3, 4-tetrahydro-
-1-naphthy1)-a-OBzl, ( 12) Boc-Gln(7-methoxy-l,2,3,4-

-tetrahydro-l-naphthyt)-a-OBzl, ( 13 ) Boc-f\.sn-

-(7-methoxy-l,2,3,4-tetrahydro-l-naphthyll-u-OBzl,,

(14) Boc-Gln(SI7-dimethyl-l,2,3,4-tetrahydro-l-

-naphthyl)-u-OBzl,(15) Boc-Asn(S,7-dimethyl-lI2,3,4-

-tetrahydio-l-naphthyl)-S-OBz1. The N,N'-dtcyc-

-lohexylcarbodiimide/N-hydroxysuccinimide (OCC-HONSU)
coupling ~ethod gave Ylelds ~anging from 40% to 86%.

These carboxamide protected derivatives were subjected

to cleavage studies in TFA-CH2C12-anisole (50:48:2-

v/vl. The protecting groups in glutamine derivatives

(6, 8,10,12. and 14) were removed within 24hr. In

the ca~boxamide rrotected derivatives of asparagine

(7,9,11,13 e nd i Sl , the protecting groups in 9

and 11 were found too labile to be used during



peptide synthesis. The protecting groups in 7 ,

13 and 15 were stable in the above deprotecting

reagent u p t o 24hr. These derivatives (7 , 13

and 15Jwere therefore subjected to cleavage st~dies

in boron trifluoride complex with acetic acid (BTFA).

This completely removed the protecting,groups. The

group in '7' was cleaved completely after 4hr, in

13 after 3hr and in 15 after 3hr~ This showed that

the groups l,2,3,4-tetrahydro-l-naphthyl,7-methoxy-

-l,2,3.4-tetrahydro-l-naphthyl and 5,7-dimethyl-

-l,2.3,4-tetrahydro-l-naphthyl were found to be
•••

potential carboxamide protecting groups due to their

stability in TFA-CH2C12-anisole (50:46:2 v/v) and

their easy cleavage by BTFA.
The carboxamide protected derivatives whose

protecting groups were found promising (7,13 and

15)were used in the synthesis to the dipeptides

Boc-Phe~Asn(l,2!3,4-tetrahydro-l-naphthyll-B-OBzl,

Boc-Phe-AsnC7-methoxy-l,2.3,4-tetrahydro-l-naphthyll-

-u-OBzl and Boc-Phe-Asn(5,7-dimethyl-l,2,3,4-

-tetrahydro-l-naphthyll-B-OBzl. The carboxamide

protec~ing groups in these dipeptides also behaved in

'the same way as in 7,13 and 15. Thes8 dipeptides were

used in synthesis to the tripeptides, Boc-Ile-Phe-Asn-

(1.2,3,4-tetrahydro-l-naphthyll-B-OBzl, 8oc-Ile-Phe-Asn-

(7-methoxy-l,2,3,4-tetrahydro-l-naphthyll-u:-08z1 and

8oc-Ile-Phe-AsnC5,7-dimethyl-l,2,3,4-tetrahydro-l-naph-'

thylJ-B-OBzl.
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CHAPTER ONE

INTROOUCTION

There are 20 naturally occurring a-amino acids,

which are the main building blocks of all peptides

and proteins. These amino acids are called a-amino

acids because they bear an amino and.a carboxylic

acid grour on the same carbon atom.

Of the a-amino acids, only glycine does not

possess a snecific rotation. The rest contain an

asymmetric centre namely the a-carbon. This centre

confers on the molecule the property of chirality

which is necessary condition for oDtical activity.

The a-amino acids are classified into acidic,

neutral and basic. They differ from each other by

having different side chain group (R). The

naturally occurring amino acids are the L-isomers

(except glycineJ and some are listed on Table I
(H2NCH(R)C02H) •

TABLE I

SOME OF THE NATURALLY OCCURRING a-AMINO ACIOS

Name Abbreviations R

Acidic a-amino acids

L-Aspartic acid

L-Glutamic acid

Asp

Glu

-CH2C02H

-CCH2)2C02H
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TABLE 1 continued

r~ame Abbreviation R

Neutral a-amino acids
L-Cystine

L-Cysteine Cys

L-Glutamine GIn

-CH2SH

-CH2CONH2
-CH2C6HS

-CHCOH)CH3

-CH20H

-CCH2)2CONH2

-CCH2)2SCH3

-CH2C6H40H

-H

L-Asparagine Asn
L-Phenvlalanine* Phe
L-Threonine* Thr
L-Serine Ser

L-Methionine* Met
L-Tyrosine Tyr

Glycine Gly
L-Alanine Ala

L-lsoleucine lIe

-CH 3

-CHCCH3)2

-CH2CHCCH3)2

-CHCCH3)CH2CH3

L-Valine* Val
L-Leucine* Leu

Basic a-amino acids
L-Lysine Lys -CCH2)4NHZ

- ( C H ) ~JH - C - N H
2 3 II 2

NH

L-Arginine

-These are essential amino acids that arc needed in the
diet to prevent a negative nitrogen baldnce.
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I~ psptide synthesis invo!ving creparation

of lar~er molecules containing two or more amino

acid rssiduss joinsd tog~ther by a pe~tid8 bond,

the , 1c2roo><y-,- 1-8(-CDOH) and amino grour ( )1,3-1::
-!\JH 2

not .' • " • , " L- •par~lcl~atlng In pe~tl~e wone

and c~her reactive functional groups must be

pro t sc t ed . This protection o~ the amino acid

minimises racemization, side products and increesEs

its s c lub i lIt y • Since amino acids contain at

least one amino a~d one carboxyl group they can taka

part in acylation reactions in two ~i~ferent ways:

as acylating reactants (carboxyl components) or as

the ccmpound to be acylated (amino components).

Thus if no preventive precaut~ons are taken, a

large number of undesired compcunds will be formed

in addition to the desired product as given in

Scheme 1.

SCHEr1E 1

Couplin§; of two , , ,unprotec;:ec amino acijs

'H ~'-rHR-~nNu-r~R'-~:J H---7~ 2'~ - '-'~ n ~., - 2'

I I

In eddi;:ion to the r8quir8~ dioep~idE
group:": II ~an also couple with amine ~roup ,~ r-

0'1 .l,..



- 4 -

Two other dipeptides can also be formed by

intermolecular coupling between two molecules of

I and also of II. The couplin? of I dnd II may

yield not only the dipeptides but quite readily

the cyclic dipeptides. The amino group may be

t t b f 113 t 114,15 hth 1 19,16pro ec ed y ormy , osy , p a oy ,

trifluoroacety1, carbobenzoxyl,8, tert-butyloxy-
10-12 17 _ -carbonyl ' ,cyclopenty10xycarbonyl, triphenyl-

methyl(trityl) etc., while the carboxyl group may

be protected by esterification using such groups as
methyll,7 ethyll,7,benzyll-G,8 tert-butyl18,19

etc. A series of reactions in Scheme 2 show how

protection of amino and carboxyl groups in an

a-amino acid may be carried out.

SCHEME 2

Protection of amino and carboxyl groups in amino

acids.

(i) Amino group protection of one amino acidlO,ll

(iiJ Carboxyl group protection in the other amino
"d5,6aCl
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1. H+H2NCHR"C02H + C6HSCH20H 2.Weak ) H2NCHR"C02CH2C6HS
base

In peptide bond formation, either carboxyl or

amino group of the amino acid has to be activated,

without which courling is bound to be slow or not

at all. Amino group activation is by isocyanates,

phosphazo, phosrhite amides etc. Carboxyl group

activation is by acid chlorides, azides, mixed
h d id t i t t 20-22 b d i i io 23-25an y rl es, ac lva ed es ers • car 0 llml es

etc. thE latter are used as coupling agents in

peptide synthesis. A coupling agent is a compound

added to the mixture of carboxyl and amino components

and its main function is usually to form an inter-

mediate anhydride or active esterr Bv far the most

commonly used coupling agent ~s dicyclohexylcarbodiimide
(DCC)24,2S. The mechanism of the DCC-mediated

peptide coupling waS studied by D.F. Detar26•

Addition of th~ carboxyl component to the C=N double

bond gives (l)J this is called an D-acvlisourea
(see Scheme 3). Intermediate(ll is not isolated

.as such but is allowed to undergo nucleophilic

attack by the A~ino component. I nterm ed iate (1 J can
also react with an additional mole of carboxyl component

to form an anhydride (3), which can also acylate the
ar.lino component. One side reaction known to occur

during the Dec coupling is the s p o n t e n eo u s rearrange-



II'
I

N)4 CHCOOH

H OH
I 1/,C-N-CH-C·N~-COOH +
I IR R'

- 6 -

SCHEME 3

Mechanism of the DCC-mediated peptide coupling

"G-N-CHCOOH
I I
H It

H 0 0 H HOH

! U! I 0-' 11l-nG-N-yll-C-{)-C-1H-N-C + N-C-N "---..!

"R R
(3.)

H 0 H H
I U I I

G-N-TH-C-N-IH-COOH + G-N-1~-COOH
R. R' P.

G represents amino protecting group.
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ment of the O-acylisoOrea (1) to the N-acylurea(4)
(Scheme 4). This latter compound is unreactive

towards amino acids. This r-ee r-r-en g eu.e nt is minimized

by w 0 r kin gin met hy 1en e c h lor ide 0 r a c e't 0 nit r i lea s
27solvent.

SCHEME 4

Rearrangement of O-acylisour~a to rJ-3cylurea

-- Ho-~-'--N-o
. I I5!;.c,

<T CH-N-G
I I

(4) R H

In the active ester method an N-rrotected amino
acid is converted to an ester, which in reneral under

mild conditions is a weaker acylatinG agent than is

~ mixed anhydride. It is found that ordinarY,methyl

or ethyl esters react too slowly with amino acids to

be practical. Croups on the alcohol part of the

ester that tend to withdraw electrons should improve

the susceptibility of the ester carbonyl to ~ttack

by a nucleophilic a-amino group. Schwyzer made use
20of cyanomethyl esters, where an electron-withdrawing

nitrile group is in the alcohol part of the ester

(ScOheme 5).
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SCHEME :)

Carbaxyl Protect{on By cyanomethvl grouPa-

Base) iGNH-CH-C-O-CH CNI 2
R

R'
H2NtHCOOH

. >

Later phenyl and nitrophenyl esters2l came into use.
Here nucleophilic attack is encouraged by an increase
in the electronic stability 9f the incipient phenoxide
io~ because of delocalization of negative charge onto
an aromatic ring.

One of the active esfers commonly used is N-hydroxy-
succinimide developed by Anderson, Zimmerman, and
Callahan22• The N-hydro~ysuccinimide ester of an
N-protected amino acid was synthesized as shown in
Scheme 6.

SCHEME 6

N-Hydroxysuccinimid~ ester"vf N-p~ot8ctedamino acid.

I qO Dee
G-N-CH-I lJOH + N-OH ---I - L1iox...tlc:-

H 0
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[~) Stepwise elongation from the N-terminal amino

acid (Scheme 8).

In this method selective unmaskinE of amino-

protecting group of a peptide I affords an amino

component II which in turn may be condensed with an

activated acylamino acid III to give the correspondin~

protected peptide IV, which is selectively deblocked

to give V, etc. Thus, elonp,ation of the peptide

chain by this approach involves the linking of one

amino acid at a time to the N-terminal amino group

of the growing p~ptide chain. Racemization is not a

serious problem in ,this method, since activated acvl

amino acids serve as carboxyl components.

SCHEME 8

Stepwise elongation from the N-terminal amino acid.

Rl ~
y- HNtHCO -llli6HCOOZ

Selective
deblocking

•
~1 }

H~NCHCO-HNCHCOOZ

(1) (II)

~
Y·H.~CHCOX (m) } } }

Y- HNCHCo- HNCHCO -HNCB.COOZ

Selective
deblocki.ng -

(IV)

~ ~1 ~

H,NCHCO-HNCHCO'HNCHCOOZ ----11.- etc,

(V)

y amino protecting e;rouPJ Z carbcxvl protecting group.
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(bj Stepwise elongation from the C-terminal amino

acid (Scheme 9).

In this approach the carboxyl protecting group(Z)

of a peptide I is selectively removed, and the

resulting new carboxyl component II is activated by

9 group (X). The activated peptide III subsequently

reacts with an amino acid ester (or amino acid anion)

IV to give the protected peptide V. In an analogous

manner peptide V can be converted to VI, etc.

Condensation of the acyl peptide carboxyl component II

with the amino acid component IV can also be brought

about by activating the amino group of the latter

instead of the carboxyl group of the former. By

either procedure elongation of the pef)tide chain is

accomplished by linkin~ one amino acid at 2 ti~e to

the carboxyl terminal amino acid residue of a glven

peptide chain.

SCHEME 9
Stepwise elongation from the C-terminal amino acid

HI H.
I I

y. HNCHCO- HNCHCOOZ

Selective
deblocx ing

HI R,
I I

Y'HNCHCO 'HNCHCOOH

(n)

AcUntloa } ~
--- ...•••••. Y·ID/CHCO·HNCHCOX

um

~I ~ ~

Y·HNClICO·HNCHCO·HNCHCOOZ

Selecttve R, R, Fi,
debloc.klng I I I

___ ---; ••.. Y·HtiCHCO·HJ\G1CO·HNCHCOOH

(V)

AcliYation
n, ~ R,
I I I

Y·HNCHCO·HNCHCO·H?-<CHCOX

~
lS.NCHCOOZ

•

H, R. R, ~I
I I I

Y'HNCHCO'HNCHCO.HNCHCO·Hl\CHCOOZ -- etc.
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(c) .craecnent Condensation (Scheme 10)

This is eloneation of the chain by the coupling

of fragments. This mode need not imply an elongation

in just one direction. but could start from the

middle. for example. and build in both directions.

This kind of c6upling is'the preferred method for

large peptides.

SCHEME 10

Fragment conGensetion

GNHCHRCOG' + H
2
No-n( COOl--~> GNHCHRCDNHOi.R' COOl

selecti~e ~ GNHCHRCONHCHR'COOH activate ) C~CHRtONHCHR'COGJ
deblochng C-terminal

~ u deprotect
GNHOiR""COC' -+ H NGlRJ COOl ,) H NrnR" "'CONHlliRJn COOl

2 N- t ernn.na 1 2 '

GNHO-!.RCONH01R' CfX/ +, H
2
N01R" CONHCHSJ(JCOOZ conplete ~

deblochng

G = eru i no pr-ot ac t i ng g r-oup , Z = c o rb o x v l f,JrotectinG group.

It should be obvious ~hat not only the a-amino

group of the N-terminal residue. but also certain

side chain groups may require protection before

coupl~ng is to take ,place because many of them are

also nucleophilic in nature. If R.R' .R~ etc. are
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-(CH2)4NH2' -(CH2)2-SCH3,-CH20H, -CH(LH3)OH,

-CH2C6H50H, -CH2CONH2, -(CH2)2CONH2 e t c ;, they, too
must be protected to prevent side reactions in the

course of peptide synthesis.

Peptides constitute an important branch in

chemistry because a lot of them possess biolo~ical

activity. Some of the hormones important for normal

body activities are made of peptides. These aL.,[

principally as transmitters of inform~tion and
coordinators of the activities of the various Lissues

A selection of naturally occurring peptides are

in the organism.

given in Table II. Most of these substances occur

TABLE II
Some of the naturally bccurrin~ peptides.

Peptide So u rc e No. of arn i no acids

Vasopressin Hypothalamus 9

Oxytocin Posterior 9pituitary

Corticotropin Anterior pituitary 39

Insulin S-cells of 51
pancrease

in man and with structural mo d i f i ca t io n s in rna nv other

vertebrates as well. Both vasopressin and L. •OXYlocln

are nonapeptides, similar in structure but yet

different in function. They differ i'l amino ec i c s

at positions 3 and 8. Oxytocin causes stimulation



- 14 -

of milk release while vasopressin regulates the

absorption of water at the distal renal tubule.

All synthetic analogues of oxytocin irl which other

3 4 5 6 7 8 9
Cys-Tyr-Ile-Gln-Asn-C~s-Pro-Leu-Gly-NH~L ~I 2 Oxytocin

2 3 4 5 6 7 8

Cys-Tyr-Phe-Cln-Asn-Cys-Pro-Arg-Gly-NH
j . I 2

Vasorressin

positions (3,4 and 8) have been altered show lower

potency in contracting the mammalian uterus.

Studies on a number of bioloEically active

peptides have shown that a number of these contain

glutamine and/or asparagine amino acid residues, and

other amino acids having amide groups at the carhoxyl

end of the peptide. In synthesizing these peptides

containing carboxamide Eroups, it is important that

the carboxamide side chain group be protected.

The amide groups of asparagine and glutamine

undergo the followinE side reactions (8~ 1-3) during
pe~tide synthesis: (Scheme 11)28,29

(1) deamination to the corresponding acidJ

(2) formation of imides and subsequent hydrolysis

[N-protected asparagine or glutamine esters (al,

asparaginyl or glutaminyl peptides (b). In this case,

the loss of a proton by the action of alkali occurs

in both position a and w. The a site is more
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SClIDJE 11

Side reactions of asparagine and glutamine amide groups

1) Deaminat ion to the corresponding acids.

2) Fornation of imides aOO.subsequent hydrolysis

a) N-protected a.spa.ragineor glatami.ne esters.

XNHQKXX)-

I
(~)~

+

1L

b) Asparaginyl or glutaminyl peptides.

First Case: Initial abstraction of proton fran peptide chain.

XNHCllXD-

I . I +(~)~lfrR
o
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Scheme 11 Continued

(c) Second case: Initial abstraction of proton from

the side chain amide group. -? I
XNHCH--C -Nfffi

C&I-?2 Tl II
o

11
0 ~-~XNH~ + XNlKlKXX)- i_

(~)n<=- I -CH > .r . >H + HNH

(~)~~
, l(]12) -cnil'

0 0

3) Fonnation of pyroglutamyl -peptLdes frem glutaminyl peptides.

r·2=---r .
<Fe CHCONHR

l J
~ ~

4) Dehydration

x = arrdno protecting group or peptide chain
Ii = L, asparagine
n = 2, glutamine
R'= peptide chain
R = aryl or alkyl



- 17 -

reactive because of the greater electrorhylic

strength of the a carbon atom as compared with

that of the w carbon atom. The subsequent

release of the -NH2 group Jeads to for~ation of

a and w isomeric pertides, though the latter is

obtained in greater amount. Reaction at the w

site causes cleavage of the peptide (c)],
(3) formation of pyroglutamyl derivatives from

glutaminyl peptides} and (4) dehydration.

A number of carboxamide protecting grours
30have been studied. These include P-methoxybenzy1,

2,4-dimethoxybenzyl~1 4,4'-dimethoxybenzhydryl,32

2,4,6-trimethoxYgenzyl~3 xanthyl:4 4-methoxy-2-
35methylbenzyl, etc. Although these groups have

been successfully used in preparing dioeptides, only

benzhydryl group has been used in preparing longer

peptides, where several amino-deprotectinc and

peptide bond formation steps have been successfully

carried out in the presence of carboxamide groups

fully protected with benzhydryl group~6 Thus, a

good protecting group prevents side reactions,

racemization and increases solubility of the protected

amide.

The first rart o~ this project is the conversion
~-of l-tetralone~/ der:vatives to l-aminotetralin

derivatives by Leuckart reaction which involves
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heating aldehyde or ketone ln the presence of

excess ammonium format.e to give formarTIide which

upon hydrolysis gives the corresponding primary
. 38-42amlne.

Crossley and Moore41 have indicated that

there are a number of experimental conditions

which influence the yield of the desired amine.

In order to study the effect of the rea~ent upon the

yield of amine, the two scientists carried out a

series of experiments on the condensation of
formamide with 3-phenyl-2-butanone in which th~

source of preparation of the formamide was varied.

The reactions were carried out using a ratio of

five moles of reagent to one mole of ketone and the

formyl derivative was hydrolyzed in concentrated

hydrochloric acid by refluxing for eight hours.

Table III shows the yield of N-formyl-3-phenylbutan-2-a-

mine obtained by using the various reagents.

Table III shows. that the use of formamide gave a

lower yield of product than that obtained from

ammonia and formic acid. The addition of formic
acid to formamide increased the yield to that

obtained from the ammonia and formic acid reagent.

They also found that the temperature at which

the reaction was carried out had an effect on the

yield. In order to determine the effect of tempera-

ture on the yield of product, three experiments
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TABLE III

Effect of variation in the Leuckart reaction on

the condensation w~th 3-nhenyl-2-hutanonB. A~id

hydrolysis of formyl derivative.

Run Leuckart rea~ent

1 Formamide

2 Formic acid and
ammonia (5 moles e~ch)

3 Formamide and formic
acid (2.5 moles each)

4 Formamide and formic
acid (2.5 moles each)

5 Formic acid and
ammonia (5 moles each)

Temr· u[ Time, ,!.: ,. o i', 1. e 1. Ci

h r-s arn i r.e c

170-1;10 22 27

175-165 21 45

170-lUO 22 47

170-H10 15 4B

160-170 7 50

were run on 3-phenyl-2-butanone, USln~ the rea~ent

from ammonia and formic acid in which the temperature

for fifteen h~urs.

of the reaction was varied. althou~h all were heated

The results are shown in Tahl~

IV. It is evident that the yield was influenced by

TABLE IV

with 3-phenyl-2-butanohe.

Effect of temperature on the Leuckart reaction
~

Time: Fifteen hours.

Acid hydrolysis of formyl derivativ8.

Run 0 Amine ~;Temp. C

6 190-200 2:3

7 170-lBO 47
IJ 160-170 50
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the temperature at which the condensation was

carried out and in these experiments the yield
owas twice as much at 160-170 as at 190-200 .

The effect of varyinE the time oT heating

when carrying out the condensations at various

was obtained when the condensation was carri2d oue

TABLE V
Fffect of time on the Leuckart conrlens0t~on with

3-phenyl-2-butanone. Temnerature: 190-2000.

Acid hydrolysis of formvl derivative.
Run Time,hrs Amine%

9 15 23

10 5 50

11 3 47

Temperature: 160-1700

12 15 50
13 7 50

14 4 48

at 190-2000 for five hours, while a yield of only

23% was obtained after heating for fif~2en hours.

The reaction may be heated for fi~teen hours at

160-1700 without a reduction in yield, althouEh

the same results were obtained by heatin? fer 3S

short a period as four hours.
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At least two procedures ha~e been descriosd

for the hydrolysis of the formyl derivative to the

corresponding amine. In one, 30% sodium hydroxide

solution was used and in the other concentrated

hydrochloric acid was the hydrolytic a~ent. The

effect of various concentrations of these two

hydrolytic agents on purified N-formyl-3-phenyl~

butan-2-amine is shown in Table VI. At th,; same

time, the two made an extensive study :f the variation

TABLE VI

Effect of time and rea?,ents on the hydrolysis of

N-formyl-3-phenylbutan-2-amine.

Ru n Hydrolytic reagent TimB of hydro- Amine yield %
lysis,hrs

15 Concentrated
hydrochloric acid 8 5g

16 10% hydrochloric 8 7 ')
acid

17 10% hYd ro c h10 r ic 1 67
acid

18 30% sodium 8 n
hydroxide

19 10% sod rum hydroxide 8 71

20 6.6% 8 7 F)

in time 3nd experimental conditions on tne hydrolysis

of the formyl derivative from the reaction mixture
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without subsequent puriiisatio~. The oest yisld

was obtained by hydrolyzing the formyl derivative

directly in the reaction mixture with concentrat2D

~jdrochloric acid.

In .t h i s project it is proposed to carry out a

conversion of l-tetralone and some of its derivatives

reaction the ketones are converted to the formyl

derivatives. Hydrolysis of these der~vatives ~o

the amines is carried out using 36% conc en t r-a t ed

hydrochloric acid on the one hand and .i n the o t h e r-

lO~o aqueous NaOH was the hydrolytic e v e n t .

The next stage is in using these amines

(l-aminotetralin and its derivatives) as precursors

in synthesizing the carboxamide protected derivatives

of a-benzyl !-butyloxycarbonylglutamat2, a-benzyl

!-butyloxycarbonyl~spartate and S-ben.:yl t-butyl~

oxycarbonylaspartate.
Aft e r su c c es s f u 11y [)re par ing c e d~ G .c .1mid 8

protected glutamine and asparagine o e ri v e t i v es ,

stability of their protecting groups ~n TFA-
ru C 1 . 1 (C:[J 48 '7 .,43 t ud i .
~ i I 2 2 - a n 1 s 0 - e , -J ~ : : ~ Ij / v J a I' e s L rj 1 ed u s 1 n B

thin-layer c h r-ome t o g r-e phy (T l.Ll , The p r-o t ec t i r >

grou p Ls ) that is/are no t cleaved for i n t o 2Llhr

is/a~e then subjected to boron triflunr~je in aCEtic

acid (BTFA). G e n era 11y a g a ad car b 0 ;<':l rn ide Cl ro t ec tin i2:
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group should be stable in TFA-CH2C12-anisole and

HCl-dioxane44 (reagents used for removal of

amino-protecting grours) and should be readily
~~ 4c;removed with strong cleava~9 reagents like BTFA~o, ~

and HF;6-48 which are used for complete removal of

most of the protecting groups at the end of reptide

synthesis. Complete removal of the carboxamide

protecting group gives a free amide group. Optical
,0 it 49 .c t l t i d ° id h Ld hec t i v i yo, ne pep I e or am i no aCI s ou a n e

maintained during the introduction and removal o.c

the protecting groups.

Th~ protecting groups that are stable in

TFA-CH2CI2-anisole but cleaved when subjected to

eTFA will be promising as carboxamide protectinr.

groups. Some of these carboxamioe protected

derivatives whose protecting grours are nromising

will be used to synthesize a few rertides for
testing their suitability as protecting groups under

peptide synthesis conditions.
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CHAPTER TI.-JO

RES LJL T S Al'JDOl S l~ US S I L ;'J

2.1 SYNTHESIS OF AMINES BY LEUCKARr REACTION:

Althou~h the exact mechanism has not been

defin~tely established, the reaction can he explaineo

in the following steps: (a) the ammoni.um +o rma t e

dissociates into ammonia and formic acid at the
temperature of the reaction, and f b ) ammonia acids

to the carbonyl zroup or condenses t~ form en~
correspondin~ imine, (c) the formic acid then -CIS ~s

a reducing agent to remove the h yd r-oxy l or reduce t ne

imino g r-ou p , and (a) if in excess, n)a~1 form the

formyl derivative which IS suhsequently hyorolyzeo

to the free amine. The 0 the r pro po :J ec.Jme c Iiani sm is

where formamide IS the reactive agent (both depicteo

in Scheme 12).
SCHEME 12

Leuckart reaction meChL:!llisrn

Case one:

I!l'OU'iH. ~ IIC(JOII + NH,

r It OH i'-/
C -r Hl'O(IH

/ "
~R' NH,~

It

" -,

ItCOR' +
I f{ I [;-, "-c ~~.;][ + Hl'lJUH CHNH1 +: c~,

/ -t- I /
/

It' H,O I W- .J

It -,
CHl\'J.!t + HeOOH

/
H'

It -,
(;HNHCHO + lILU

/
Ie'
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Scheme i2 Continued

o OR
II I

H-C-N-C-R
1 I,
HR

y

2. NaCU
l.Hc.l.

);

z

SCHEME 13

2.1.1 CONVERSION DF I-TETRALDNE AND ITS DERIVATIVES
to 1-AMINOTETRALIN OERIVATIVES~1

.170-1800

w w

1-5 la-Sa 1b-Sb.
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W x y Z

l,la,lb H H H H
2,2a,2b CH 0- H H H3
3,3a,3b H CH30 H H
4,4a,4b H H CH30 H
5,5a,5b CH3 H CH3 H
the naming of the compounds are as follows:-
1 l-Tetralone Ib = l-Aminotetralin
2 = 5-Methoxy-l-tetralone 2b l-Amino-5-methoxytetralin
3 6-Methoxy-l-tetralone 3b l-Amino-6-methoxytetralin
4 7-Methoxy-l-tetralone 4b l-Amino-7-methoxytetralin
5 = 5,7-0imethyl-l-tetralone 5b l-Amino-5,7-dimethyltetralin
la = N-l,2,3,4-Tetrahydro-l-naphthyl formamide
2a = N-5-Methoxy-l,2,3,4-tetrahydro-l-naphthyl formamide
3a N-6-Methoxy-l,2,3,4-tetrahydro-l-naphthyl formamide
4a N-7-Methoxy-l,2,3,4-tetrahydro-l-naphthyl formamide
5a N-5,7-0imethyl-l,2,3,4-tetrahydro-l-naphthyl formamide

The compounds la-5a are the formyl derivatives and the
hydrolysis was with 36% concentrated hydrochloric acid
on the one hand and in the other 10% aqueous NaOH was the
hydrolytic agent. The results are as given in Table VII.

TABLE VII

Amine synthesis from both acid and base hvdrolvsis
of the formyl derivatives. Refluxing time: Acid.
3hrJ Base 3hr.

Formyl der. Acid(Amine %l
(crude formyl

d er. 1

Acid(Amine %l
(Pure formyl

der. 1

Base CAmine %l

la 44 54 97
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TABLE VIr Continued

Formyl Acid(Amine % ) Acid (Amine % ) Base
der. (Crud e formyl d er. ) (Pure formyl der. ) (Amine % )

2a 60 -,r 95I :J

3a 0 0 94

4a 0 0 96

5a 40 52 90

Acid hydrolysis of formyl derivatives were done in two

ways. In case one, the crude formyl derivatives were

refluxed directly with concentrated hydrochloric acid.

In the other case, the already purified formyl derivatives

were refluxed with the concentrated acid. The amine

yields of the first case are based on the starting ketones

while in case two the yields are based on the pure formyl

derivatives. Base hydrolysis w~s by refluxing purified

fonnyl derivatives with 10% aqueous NaOH. It can be

concluded from the table that a higher yield of all the

amines was obtain~d when 10% aqueous NaOH wa~ the

hydrolytic agent as compared to 3G% concentrated

hydrochloric acid. The amines were not obtained when

acid hydrolysis of N-6-methoxy-l,2,3,4-tetrahydro-l-naph-

thyl formamide and N-7-methoxy-l,2,3,4-tetrahydro-l-naph-

thyl formamide were done. The black-gummy compound that

was obtained after hydrolysis could have been due to the

ease o~ polymerization of their formyl derivatives.
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2.2 SYNTHESIS OF CARBOXAMIOE PROTECTEO

ASP ARAr, rr~F. AN0 r,L LJ TAMI NE 0 ER V AT J V f S 5, 1 1

Amines (RNH~) will react with 80c -Asp-u-:J3z1

and 0 G C - G 1u - a - 0 R z 1 i nth e pre s e n c 8 0 f c 0 LJ p l i.n g

rea g e n t s e. g. 0 CC tog i v e a - b e n z y 1 _t P.r t - hut Y 10 ~ y -

c-carbonyl-N A-R-asparaginate and a-benzyl te~t-

- but Y lox y car bon y 1 - NC A- R - g 1 uta mi n ate res p e c t i vel 1/ a s

shown in Sc h ern e 14 (R=L:C'lrboxamide o r-o t e c t i n g croup).
The coupling gave yields ranging from 40% to 89%.

SCHEME 14

Synthesis of carboxamide protectu~ asp~cdgine

and elutamine derivatives.

+

l. NaCH
1

2. Cjtric
Acid

1. DeC
2. C

6
H

S
Cr-l

2
0H

Gee, He;s«, iWi-1))
3. (CoHn) zNH

4. Citric Acid

QlNHR
I

((HZ)
I n

(CH~) -COCONHCHCOZCHZCI,.H-J J \I ~

n = 1 aspartic acid or asparagine ~er~v~tivcs
n = 2 l;lutJJi1icacid or g lutan.ir.e der ivat ivcs
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2.3 CLEAVAGE STUDIES OF THE CARBOXAMIDE

PROTECTED DERIVATIVES OF GLUTAMINE

AND ASPARAGINE IN TFA-CH2~2-anisole
(50:48:2 v/v) AND SOME OF THF.M IN

BTFA-TFA.

Both Boc and benzyl protectin~ grours are

easily removed under mild conditions. The former

is selectively removed with 50% TFA-CH2C12 while

the latter is selectively removed, by catalytic
hydrogenation. The two groups are e~~ily removed

by HF and BTFA-TFA. In addition to i"emoving these

two protecting groups, they also remove carbobenzoxy,

trityl, tert-butyl, diphenylmethyl, Aanthyl,

2,4-dimethoxybenzyl etc. They do not remove methyl,

ethyl esters, or affect peptide bonds. BTFA-TFA

The proposed cleavage mechanism of the

was tested to find whether it would remove some of

the glutamine and asparagine carboxamide ~rotecting

groups. Anisole was used as a carbonium ion trap.

carboKamide protecting group in aciu is given in

Scheme 15.
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SCHEf1E 15

Proposed cleavage mechanism of the carboxamide
protecting group

(

+ NU-o.o
R 1S H2N,H(CH2)n- with n= 1 or 2

C02H

The carboxamide rrotected asparagine and

glutamine derivatives treated with TFA-CH2C12-anisole
(50:48:2 v/v) andBTrA-TFA are listed on.Table·VIlI.

The standard comrounds that were used in cleavage

components identification are shown in Table IX.

The cleavage results for TFA-CH2C12-anisole and

BTFA-TFA are given on Tables X and XI resrectively.
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The carboxamide protected asraragine and clutamine derivatives and their Rfs in
solvent system F.

Com..eound No.

6

7

8

9

10

11
[,"" 12

13

14

15

16

17

18

19

20
21

Cornround Rf

Boc-Gln(1,2.3,4-tetrahydro-l-naphthylJ-u-ORzl ---------------------0.83

Ooc-Asn(1,2,3,4-tetrahydro-l~narhthy1J-P-ORz1----------------------0.89

Roc-G1n(S-methoxy-1,2,3,4-tetrahydro-1-narhthy1J-u-D8z1 -----------0.81

Roc-Asn(S-methoxy-1,2,3,4-tetrahydro-l-narhthylJ-B-08z1 ---------- 0.8~

8oc-Gln(6-methoxy-l,2,3,4-tetrahydro-l-nanhthylJ-a-09z1----------- 0.75

Boc-Asn(6-methoxy-l,2,3,4-tetrahydro-l-naphthyll-a-03z1----------- 0.77

8oc-G1n(7-methoxy-1,2,3,4-tetrahydro-l-nanhthy1l-a-09z1----------- 0.82

Rnc-Asn(7-methoxy-1,2,3,4-tetrahydro-l-naphthy1l-a-09z1----------- 0.B3

Boc-Gln(S,7-dimethy1-1,2,3,4-tetrahydro-l-nanhthvll-u-OBzl-------- 0.87

Roc-Asn(S,7-dim8thy1-1,2,3,4-t8trahydro-l-na~hthylJ-B-OBz1-------- 0.91

Roc-Phe-Asn(1,2,3,4-tetrahydro-1-naphthylJ-B-ORzl----------------- 0.75

Boc-Phe-Asn(7-methoxy-l,7,3,4-tetrahydro-l-narhthyl)-a-08z1------- 0.69

Roc-Phe-Asn(S,7-dimethyl-l,2,3,4-tetrahydro-l-nanhthyl)-B-O&zl---- 0.76

Roc-I1e-Phe-Asn(I,2,3,4-tetrahydro-1-nanhth~/11-8-0Rz1------------- 0.73*

Rnc-Ile-Phe-Asn(7-methoxy-1,2,3,4-tetrahydro-1-narhthy1)-a-08z1--- 0.33*

Roc-Ile-Phe-Asn(5,7-dimethyl-l.2.3,4-tetr~hydro-l-naDhthylJ-B-rBz1 -0.70*
·solvent syste~ C
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TARLE IX

standard compounds for cleavage components

identification. Solvent system F was used.

Compound

H-GlnCl.2.3.4-tetrahydro-l-naphthyll-a-nRz1 0.51

H-Asn(1.2,3,4-tet~ahydro-1-naphthyll-B-nRz1 n.54

H-G1n(5-methoxy-1.2,3,4-tetrahydro-1-narhthy1l-
a-08z1

0.52

H-AsnC5-methoxy-1,2,3.4-tetrahydro-l-narhthy1l-
8-08z1

0.59

H-GlnC6-methoxy-l,2,3,4-tetrahydro-1-narhthy1l-
a-08z1

0.50

H-Asn(6-methoxy-l,2,3,4-tetrahydro-l-narhthyll-
a-08z1

0.513

H-GlnC7-methoxy-l,2,3,4-tetrahydro-l-narhthy1l-
a-08z1 . 0.50

H-Asn(7-methoxy-l,2,3,4-tetrahydro-l-narhthyll-
a-[J8z1 0.58

H-Gln(5,7-dimethyl-l,2,3,4-tetrahydro-l-naphthyll- 0.54
a-08z1

H-AsnC5,7-dimethyl-l,2,3,4-tetrahydro-1-naphthylL- 0.50
8-0Bz1

a-Renzyl-L-glutaminate 0.18

L-glutamine 0.05

8-8enzyl-L-isoaspara~inate 0.13

L-Isoasparagine 0.05

a-Benzyl-L-aspara3inate o. 17
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TABLE X

TFA-CH2~2-anisole (50:48:2 v/vl cleavage studies of the

carboxamide protecting groups of glutamine and asparagine.

l=starting compound, 2=derivative with only Boc-deprotectedJ

3=derivative with both Boc and carboxamide protecting group

deprotected or Boc and benzyl group deprotected, 4=all the

protecting groups deprotected. Solvent system F.

Cleavag~
Compound duration,

hr
Cleavage products (Rfl

123 4
Extent of prote-
cting group
removal (24hrl

6 0

1

3

5

7

24

0.83 Partial
0.51
0.51
0.51
0.51
0.51

0.18
0.18
0.18
0.18

7 0 0.89 No removal
1 0.64
3 0.64
5 0.64
7 0.64

24 0.64

8 0 0.81 Partial
1 0.52
3 0.52
5 0.52
7 0.52 0.18

24 0.52 0.18
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TABLE X Continued

Cleavage Cleavage products (R f) Extent of rrote-
Compound du rat io n I 1 2 3 4 cting groufJ

hr removal (24hr) ,
9 0 0.83 Partial

1 0.59 0,13
3 0.59 0,13
5 0.59 0.13
7 0.59 0.13

24 0.59 0.13

10 0 0.78 Complete removal
1 0.50 0.18
3 0.50 0.18
5 0.50 0.18
7 0.50 0.18

24 0.18

11 0 0.77 Complete removal
1 0.58 0.17.
3 0.58 0.17
5 0.58 0.17
7 0.58 0.17

24 0.17

12 0 0,82 Partial
1 0.50
3 0.50
5 0.50
7 0.50

24 0.50 0.18
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TABLE X Continued

Cleavage Cleavage rroducts (Rf) Extent of prote-
Compound duration, 1 2 3 4 cting group

hr removal (24hr) .

13 0 0.83 No removal
1 0.58
3 0.58
5 0.58
7 0.58

24 0.58

14 0 0.87 Partial
1 0.54 0.18
3 0.54 0.1.8
5 0.54 0.18
7 0.54 0.18

24 0.54 0.18

15 0 0.91 No removal
1 0.60
3 0.60
5 0.60
7 0.60

24 0.60

16 0 0.75 No removal
1 0.62
3 0.62
5 0.62
7 0.62

24 0.62
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TABLE X Continued

Cleavage Cleavage products (R f) Extent of prote-
Compound duration, 1 2 3 4 cting group

hI' removal (24hrl.
17 0 0.69 No removal

1 0.57
3 0.57
5 0.57
7 0.57

24 0.57

18 0 0.76 No removal
1 0.60
3 0.60
5 0.60
7 0.60

24 0.60

TABLE XI

BTFA studies of carboxamide protecting groups of asparagine

Cleavage Cleavage products (R f)Compound duration, 1 2 3 4hI'

7 0 0.89
1 0.64 0.22
2 0.22 0.05
3 0.22 0.054 0.05

~-=-===

Duration for
complete removal
of protecting
grou p (hr I

4
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TABLE XI Continued

Compound
Cleavage
dur-ation,
hr-

Cleavage pr-oducts (K ,..0)
T

Our-at ion for
cornplete r-8111GvL11
of pr-otecting
,~,r-oup ( h r- )1 2 3 4

13 o
1
2
3

0.83 3
0.58 0.!7

0.1:
0.05
0.05
0.05

1 c: 0 0.91 Cl
_-1 ...J

1 0.13 0.05
2 0.13 0.05
3 0.05

, - 0 0.75 4
1 0.62 0.12
2 0.12
3 0.12 0.02
4 0.02

~ 7 0 0.69 3
1 0.57 0.12
2 n.12
3 0.02

- 0 0.76 3
1 0.12
2 0.12
3 0.02

The ~ase with which the carbcxamide ~rDt2c:ing group 15

removed ~ill in theory depan~ C~ the sta~i:izat~Dn of ens

carjonium ion oy si~her induccive or reSQnance g~fect 07

the substituent group on the I-tetralinyl troup. The

unsubsti~~ted l-tetraliny~ group ~ill gi~e a s8eonoary

carbonium ion which is stabilized by th~ delocalization
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process and the inductive effect of the ring.When

an electron donating group is substituted on positions

5.6.7 or 8 of the I-tetralinyl group. the carbonium

ion formed is more stable than the one formed from the

unsubstituted I-tetralinyl group. These groups would

then be more easily removed under acidic medium than

the unsubstituted l-tetralinyl group. However,

I-tetralinyl groups with electron donating groups at

positions 6 and 8 would be more readily cleaved than

those with substituents at positions ~ and 7 as they

would be respectively at para and ortho positions with

respect to the carbon one where the amino group was

attached in the original carboxamide protected compound.

Thus after cleavage the delocalized structures will

at one stage have the carbon bearing the positive

charge attached to the electron donating group with an

effective distribution of charge, while fo·r positions

5 or 7 there is separation of charge in delocalized

structures as shown in Scheme 16.

Cleavage studies on the carboxamide protected

derivatives of glutamine (6.8,10.12 and 14) showed

that all the protecting groups were removed by TFA-

CH2C12-anisole (50:48:2 v/v) within 24 hrs. For the

carboxamide protecting groups in asparagine

..
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SCHE,"IE 16

Resonance structures of I-tetralinyl gcouP with

electron donating groups at positions C,8,5 or 7

MeD at position 6

MaD at position 8

MaD at position 5

MaD at position 7
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derivatives6 it was found that the p,roups

5-methoxy-l626364-tetrahydro-l-naphthyl in 9 and

6-methoxy-l626364-tetrahydro-l-naphthyl in 11 were

too labile to be used as carboxamide rrotecting

groups during peptide synthesis. They were readily

removed by TFA-CH2C12-anisole (50:48:2 v/v)

immediately before the next amino acid residue was

coupled into the growing peptide chain, with the

former cleaved partially while the latter was

completely cleaved in 24hr. On the other hand the
groups l,2,3,4-tetrahydro-l-naphthyl in 7 ,

7-methoxy-l,2,3,4-tetrahydro-l-narhthyl in 13 and

5,7-dimethyl-l,2,3,4-tetrahydro-l-naphthyl in 15

were stable in the above deprotectinp, reagent but

were completely removed by b~ron trifluoride in

acetic acid (BTFA)-the reagent used to remove most

of the side chain protecting groups after the final

coupling ster has been carried out. In BTFA, the

group l62,3,4-tetrahydro-l-r,aphthyl in 7 was

c ornp let e Ly removed after 4hr, 7-methoxy-l,2,3,4-

-tetrahydro-l-naphthyl in 13 after 3hr and

5,7-dimethyl-l,2,3;4-tetrahydro-l-naphthyl in 15

after 3 hr. This showed that the three grours

weie found suitable as carboxamide protecting in

asparagine and isoasparagine residue due to their

stability in TFA-CH2C12-dnisole (50:40:2 v/v) but

were readily cleaved by BTFA. Final products
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were isoasparagine and asparagine. As mentioned

earlier. l-tetralinyl groups with electron donating

groups at positions 6 and 8 would be expected to be

more readily cleaved as carbonium ion formed will

be more resonance stabilized. This explains why

the 6-methoxy-l.2.3.4-tetrahydro-l-naphthyl group

was the most easily cleaved. The 5-methoxy-l,2,3,4-

-tetrahydro-l-naphthyl group whose carbonium ion is

not stabilized by the methoxy group by resonance is

not as easily cleaved as the former group.

l,2.3,4-tetrahydro-l-naphthyl shuws marked

stability in TFA-CH2Cl2-anisole (50:40:2 v/v) since

the carbonium ion formed from the unslJbstituted

l-tetralinyl group is less stable. 7-methoxy-

-l,2,3,4-tetrahydro-l-naphthyl and 5,7-dimethyl-

-l,2,3,4-tetrahydro-l-naphthyi also show marked

stability because the delocalized structures after

cleavage do not at anyone stage have the caroon

bearing the positive charge attached to the electron

donating groups (only possible for positions 6 or

8). In BTFA, 7-methoxy-l,2,3,4-tetrahydro-l-naphthyl

and 5,7-dimethyl-l,2.3,4-tetrahydro-l-naphthyl

groups are slightly less stable as compared to the

unsubstituted I-tetralinyl group. Tllis is because
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the first two have electron donating groups on

the ring and hence a slightly more stable

carbonium ion is formed as compared to the

carbonium ion formed by the unsubstituted

l-tetralinyl group.

2.4 APPLICATION OF CARBOXAMIDE prOTECTED DERI-

VATIVES IN PEPTIDE SYNTHESIS.

The carboxamide protected derivatives whose

protecting groups were found promising (7,13

and 15) were used in peptide synthesis. This was

done by deprotecting Boc groups of the carboxamide

protected derivatives, followed by coupling with

N-hydroxysuccinimide ester of N-protected amino

acid (Scheme 17). The dipeptide carboxamide

protecting groups 1,2,3,4-tetrahydro-l-naphthyl

in 16, 7-methoxy-l,2,3,4-tetrahydro-l-naphthyl in 17

and 5,7-dimethyl-l,2,3,4-tetrahydro-l-naphthyl in

18 were stable in TFA-CH2C12-anisole (50:48:2 v/v)

within 24hr. In BTFA, the group in 16 was

completely cleaved after 4hr, in 17 after 3hr and

in 18 after 3hr. These protecting groups were

therefore found promising due to tlleir stability

in TFA-CH2C12-anisole (50:48:2 v/v) and their easy

cleavage by BTFA. These dipeptide~ were used in
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synthesizing the t r i pe p t id e s 1'::,20 a nd 2l r-a spo c t iv e ly

(Scheme 18). The dipeptides yield ranged from 75% ~o

90% while tripeptides were from 70% to 70%.

SCH EME 17

Dipeptide synthesis from carboxamide rrotected

derivative

~oc-Asn(R)-u-nBzl 1.TFA ~ H-Asn(R)-u-D6zl2.TriethylClrnine

Boc-Phe-DNSu) Boc-Phe-Asn(R)-u-DP-zl

SCHEME 18

Tripeptide synthesis from the fully rrGtected nipeptide

1.TFABoc-Phe-Asn(R)-u-DBzl 2.Triethylamin~ H-Phe-Asn(R)-u-OBzl(Dipeptide)

Boc-Ile-DNSu
) Boc-Ile-Phe-Asn(R)-u-nBzl

(Tripeptide)

R= Carboxamide protecting group in 7, 13 or 15.
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CHAPTER THREE

3.1 GENERAL EXPERIMENTAL SECTION:

AscendinB thin-layer chromatograms (TLC) were

run on silica gel G(60l with solvent systems

be nzen e, A J C h 10 ro fo rrn, B J C h 10 ro form -ethy 1 ace tat e

(3 :1 v /v l, C J C h 10 ro form -ace ton e (1: 1 v / v l , 0 J die thy 1

ether, EJ chloroform-methanol-glacial acetic acid

(85:10:5 v/vl, F. Cleavage solvent H was trifluoro-

acetic acid-dichloromethane-anisole rSO:48:2 v/v).
Melting points (uncorrected) were determineo in

capillary tubes in a Gallenkamp meltinE point apparatus.

Spots were revealed with iodine vapour and ninhydrin

solution (0.2g ninhydrin in 100ml of acetone). Acid.
hydrolyzates of peptides were prepared usin~ 6~

hydrochloric acid (1180, l Bh r L. Nuclear ma~netic

resonance spectra (NMRl were measured usinS a

Perkin-Elmer RI2B(60MHzl. Infrared snectra (IR) were

measured usinf, a Pye-Unicam SP3-300 infrared

spectrophotometer.

3.2 SYNTHESIS OF I-TETRALONE37

In a 500-ml round-bottomed flask, fitted with a

reflux condenser carrying at the top a tuhe leading

to a gas absorption trap, were placerl 32.S?, (0.2 moll

of y-phenylbutyric acid and 32g (0.27 moll of .ri i o ny l

chloride. The mixture was carefully heated on a steam
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bath until the acid was melted, and thun the reaction

'was allowed to proceed without the aprlication of

external heat. After twenty five to thirty

minutes hydrogen chloride was no longer evolved and

the mixture was warmed on the steam bath for ten

minutes. The flask was then connected to the water

pump. evacuated. and heated for ten minutes on the

steam bath and finally for two or three minutes over

a small flame in order to remove the excess thionyl

chloride. The acid chloride thus cbtained was a

nearly colourless liquid and needed no further

purification. The flask was cooled, 1/5ml of carbon

disulfide was added and the solution cooled in an

ice-bath. 30g (0.23 mol) of aluminium chloride was

added rapidly in one lot, and ~he flask was immedia-

tely connected to the reflux condenser. After a few

minutes. the rapid evolution of hydro~en chloride

ceases and the mixture was slowly warmed to the

boiling point on the steam bath. After heating and

shaking the mixture for ten minutes the reaction was

complete. The reaction mixture was cooled to OoC,

and the aluminium chloride complex was decomposed by

the careful addition. with shakin~. of lOOf, of ice.

25ml of concentrated hydrochloric acid was adoed and

the ~ixture transfered to a 2-1 rouno-bottomed flask

and steam-distilled. The carbon disulFide distilled
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first, then there was a defini~e break in the

distillation, after which the reaction ~roduct

comes over com~letely in about 2-1 of the next

distillate. The oil was separated, and the water

was extracted three times with 100-ml portions

of benzene. The oil and extracts were combined,

solvent removed, and the residue distilled at

reduced pressure: wt. 18.1g (62%), b v p , 113-116o/6mm.

TLC, solvent system E, Rf = 0.93. IR s~ectrum

(neat, vrna x L: aromatic proton stretch, 3030 -1em J

C=O group, 1680 -1cm NMR spectrum (CC14): 07.25

(rn , 4H) for the aromatic protons, 82.9 (rn , 2H), . '

82.5 (m,2H) and 82.1 (m,2Hl for the tetralinyl

methylene protons.

3.3 SYNTHESIS OF FDRMYL DERIVATIVES41

3.3.1 N-6-METHOXY-l,2,3,4-TETRAHYDRO-I-NAPHTHYL

FORMAMIDE

To a three-necked flask equipped with a
dropping-funnel, thermometer and down-directed

condenser, was added with care 5.17g (85.1 mmoll

of 28% ammonia and 4.35g (85.1 mmoll of 90% formic

acid. The temnerature of the solution was raised

to 1600C by distilling out water, and 3g (17 mmoll

of 6~methoxy-l-tetralone in chloroform was adned

for ten ~inutes. The tempe~ature was maintained at
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170-180oC for two hours and dfly ke t o n e which

distilled was returned to the flask at intervals.

On cooling a brown mass was formed which on

analysis by TLC was found to contain four comrounds
,

of Rf = 0.97, 0.80, n.38 and 0.06 with C as

solvent system. The compounds were isolated by

column chromatography using the same solvent

system as for TLC. Compound with Rf= 0.38 was

f0 u nd t 0 bet h e form y 1 d e r ivat iv e: ""I t. 1. 2 r: (3 4 ?;; ) J

om.p. 77-78 C. TLC, solvent system C. Rf= n.38.
- 1IR spectrum (KBr, vrnex l : NH, 325n cm J C=O group,

-1 11635 em J aromatic proton stretch,1040 cm-

NMR spectrum(COC131: 68.2 (m,lHl for the aldehydic

proton; 67.2 (m,lHl, 66.7 (m,2Hl for the aromatic
protons; 65.4 (sit:;nal,lHl for' CONH p r-o t o n , 63.8(s,3Hl

for the methoxy protons; 62.8 (m,3Hl for t et r o l Lny l
p r-o t o ns on C-1, C-4; 61.93(m,4HJ for tetralinyl

methylene ~rutcns on C-2, [-3.

3.3.2 N-7-METHDXY-l,2,3,4-TETRAHYORn-l-NAPHTHYL

FORMAMIOE.

This fcrmyl derivative was synthesized from
3g (17 mmo 1 1 0 f 7-rnetho x y -1 - t e t ra 10 ne , 5. 17 g

(85.1 mmoll o :' 28% arnmonia, 4.35£; rn'C).l mmoll of

90% formic acid in the sarnp manner ~3 described
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for N-6-methoxy-l,2,3,4-tetrahydro-l-narhthyl

formamide: wt. 1.32g (37.S%), m.p. 7El-7qOC. TLC,

solvent system C, Rf= 0.42. IR s p e o t r-urn (Kar,

1 - 1vma x): NH, 3270 c m- , [= 0 g r 0 Up, 163 5 c m • NMR

spectrum (CDC13): 6S.22 (m,lH) for the a1dehvdic

proton, 86.82 (m,3H) for the aromatic p r-o t o n s ,

65.15 (signa1,lH) for CONH proton; 63.77 (s,3Hl

for the methoxy protons; 62.66 (m,311) for tetralinyl

protons on [-1, [-4 .. , o 1 • a 5 Lrn , 4 H) f ')r t e t r a 1 i Ii 'J 1

me t h y l e n e p ro t o n s on 1:-2, C-:'l.

J . J • J N- 'J , / - U1 fill I HYL - 1 , l. , J , 4 - Il I 1</\ I ! '( IJ I < IJ - 1 - hi II1'1I I I I YL

FORMAMIoE.
This formyl derivativ: was synthesized from

3g (17 mmo1) of 5,7-dimethy1-1-tetra1one, 5.178

(S5.1 rnmo L) of 2S% ammonia, 4.35g (FJS.l mmoll of

90% fo~mic acid iR the same manner as described for

N- 6 - met h 0 x Y- 1 , 2 , 3 , 4 - t e t r a h y d r 0 - 1 - n c; r J h thy 1 forma mid e :

wt. 1.56g (45.1%); m.p. 106-1070C. TL[, solvent

system C, Rf= n.54. IR spectrum (l<i',r, vrne x L:

NH, 3240 cm-1 C=O group, 1630 cm-1. ~W1R spectrum

(COC13): 68.15 (m,lH) for the e l d e h vd i c proton;

86.92 (s,2I-1) for the arcmatic p r-o t o u s , 1)5.1

(si~nal,lHl for CONH o r-o t c n , 62.55 (m,~:H) for

tetra1inyl p r-o t o n s on C-1, 1.>4; o2.~'S (S,~'rlJ,
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82.17 (s;3H) fer the two ~ethyl gro~~s en the r:n~;

61.85 (m/4h) for tetralinyl methylene protons en

C-2, C-3.

3.3.4 N-5-METHOXY-l/2/3/~-TETRAHY8Rn-l-NAPHTHY~

FORMAMIOE.
This formyl derivative was synthesizej ~rom

3g (17 rnrno L) of 5-methoxy-l-tetralone, 5.17?,

(85.1 rnmo l ) of 28% ammonia, 4.35t; (85.1 mmo l ) of

90% formic acid in the same manner as desericec fer

N-6-methoxy-1/2/3/4-tetrahydro-1-naphthyl fcr~a~ide:

t 1 4 (40°) 14,1-14,20C.w. . g ~; m.n. TLC, solven+:

system C, Rf= 0.48.
-13270 em ; c=o groun,

IR spectrum (KBr, vrne x L:

-11640 em . NMR s~ectrum

(CO C 13): 68. 16 (rn I 1H) for the a ld eh y d ic p r-o ton;

66.9 (m,3H) for the aromatic pr-o t c ns i ::5.1
Ls i g ne l i It+l for CONH proton; 63.8 (s,3H) for the

methoxy protons; 62.5 (m/3H) for tetralinyl

protons on C-1, C-4; 61.35 (~,4H) +o r t et r-e lio y I

methylene ~rCi:cns on C-2, C-3.

3.3.5 N-1/2,3,4-TETRAHYORO-1-NAPHTHY~ FORMAM~DE.
This formyl derivative w~s synthesized from

4g (27.4 mmol) of 1-tetralone, 8.31g (136.8 mmol)

of 28% ammonia, 6.99~ (136.8 rnrno l ) of 90% formic
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acid in the same manner as described for

N-6-methoxy-l,2,3,4-tetrahydro-l-naphthyl formamide:
owt. 2.49g (52%) J rn i p , 74-76 C. TLC, solvent system

C, Rf'" 0.51. IR s pe c t r-urn (nujol, vrne x l : NH,
-1 -13260 cm J C=O group, 1620 cm • NMR srectrum

(COC13): 6B .15 (m,lH) for the aldehydic proton;

67.19 (m,4H) for the aromatic protons; 65.25 (signal,

lH) for CONH proton; 62.75 (m,3H) for tetralinyl
protons on C-1, C-4; 61.3 (m,4H) for tetralinyl

methylene protons on C-2, C-3.

3.4 SYNTHESIS OF AMINES41

3.4.1 1,2,3,4-TETRAHyoRC-l-NAPHTHYLAMINE-

(1-AMINOTETRALIN1.

To a three-necKed flasK equirped with a

dropping-funnel, thermometer, and down-directed

condenser, was added with care B.31g (136.B mmol)

of 2B% ammonia and 6.9gg (136.B mmol J of gn% formic

acid. The temperature of the solution was raised

to 1600C by,distilling out water, ann 4g (27.4 mmol)

of l-tetralone was added at one time using a

dropping-funnel. The temperature was maintained at

170-1BOoC for two hours and any Ketone which

d i s ti Ll ad was returned to the flasK a t i n t e r-vels ,

The formyl derivative was hydrolyzed in the r~action
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mixture by re f Lux i ng for three hours wi th lOml

of 36% concentrated hydrochloric acid. After

standing overnight, a white crystalline solid

was formed. The mixture was diluted with 50ml of

water and extracted with 10ml of benzene, to

remove water-insoluble material. The aqueous

solution was treated with 10ml of 45~ sodium

hydroxide solution and the oil thus rroduced

extracted with 20ml of benzene. The benzene solution

was washed three times with 10ml of WAter each time,

dried with anhydrous sodium sulphate and the benzene

removed by distillation under reduced pressure.

The residue gave 1.77g (44%) of product, b.p.
a246-247 C/714 mm. TLC, solvent system A, Rf= 0.06,

IR spectrum (neat, vma x l : ~'.)Hs t r-e t c h i ng vibration for

primary amine, 3310 cm-l and 3220 cm-l, aromatic
-1proton stretch, 3020 cm ,methylene stretches,

-1 -12580 cm and 2860 em . NMR sp ec t r-um (CDCL):~
67.2 (m,4H) for the ar-orna t i c protons; o3.g (rn,2Hl

for the -NH2 protons; 02.8 (m,3Hl for the tetralinyl
protons on C-l, [-4; 61.8 (m,4Hl for t e t r-e lLn y l

methylene protons on C-2, C-3.
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3.4.2 5-METHOXY-1,2,3,4-TETRAHyoRO-I-NAPHTHY-

LAMINE (1-AMINo-5-METHoXYTETRALI~).
This amine was synthesized from 3p, (17 mmoll

of 5-methoxy-1-tetralone, 5.17g (S5.1 mmol) of 28%

ammonia, 4.35p, (65.1 mmol) of 90% formic acid in

the same manner as described for the synthesis of

l-aminotetralin. The amine salt was readily soluble
in warm water. Crystallization at the amine was

done by ao d i ng p e t r-o leurn ether (b.fl. 40-60i, which

gave a pale-yellow precipitate: wt. 1.791'" (59.5%),
m.p. 109-1110C. TLC, solvent system A, Rf=n.06.

IR spectrum (KBr, vrne x l. NH stretching vibrations
-1 -1for primary amine, 3380 cm and 333n cm , aromatic

proton stretch, 3050 cm-l, methyl stretches 2980 cm-l
-1 -1and 2930 cm J methylene stretches, 2860 cm and

-12820 cm • NMR spectrum (CoC13): 07.07 (m,3H) for

the aromatic protons, 04.00 (m,2r!) for the -NH2
protons, 03.82 (s,3H) for the methoxy p r-o t o ns ,
02.77 (m,3H) for the tetralinyl p ro t o ns on C<, [-4,
62.12 (m,4H) for tetralinyl methyl~ne protons on

C-2, [-3.
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3.4.3 5,7-oIMETHYL-l,2,3,4-TETRAHynRO-1-NAPHTHY-

LAMINE (1-AMINO-5,7-oIMETHYLTETRALIN).
This amine was synthesized from 2g (11.5 mmol)

of 5,7-dimethyl-l-tetralone, 3.48g (57.4mmoll of

28% ammonia, 2.64g (57.4 mmoll of 91)~ formic acid in

the same manner as described for the synthesis of

l-aminotetralin. The amine salt was readily soluble

in warm water. Crystallization of the amine was done
by adding petroleum ether (b.p. 40-60°), that ~ave a

white precipitate: wt. 0.8g (39.8%) J rn i p . 106-1070C.
TLC, solvent system 8, Rf= 0.06. IR spectrum (KBr,

vrne x l : NH stretching vibrations for primary amine,
-1 -13320 cm and 3300 cm ,aromatic proton strp.tch,
-13040 cm NMR spec t rurn (COC13): 67.1 lrn, IHl,

66.9 (m,lH) for the aromatic' protons, 64.n (m,2H)

for the -NH2 p r-o t o ns , 62.6 (m,3Hl for the tetralinyl
protons on C-l, C-4, 62.3 (s,3Hl, 6i'.2 (s,JHl for
the two methyl groups on the r i r.g , 61.9 (m,4Hl for

tetralinyl methylene protons on C-2. C-3.
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3.4.4 ATTEMPTED SYNTHESIS OF 6-METHOXY-l,2,3,4-

-TETRAHYORO-I-NAPHTHYLAMINE CI-AMINO-6-

-ME~HOXYTETRALINl AND 7-METHOXY-l,2,3,4-

-TETRAHYDRO-I-NAPHTHYLAMINE CI-AMINO-7-

METHOXYTETRALINl.
The attempted synthesis of the amines were

from 3g (17mmoll of 6-methoxy-l-tetralone or

7 -met h0 xy - 1-t etr a 10 ne , 5. 17 g (8 5 .1 mm 0 L 1 0 f 28 %

ammonia, 4.35g (85.1 mmoll of 90% formic acid in the

same manner as described for the synthesis of

l-aminotetralin. Acid hydrolyses of the formyl

derivatives gave black-gummy compounds. The amines

were not obtained.

3.4.5 6-METHOXY-l,2,3,4-TETRAHYDRO-I-NAPHTHYLAMINE

O-AMINO-6-METHOXYTETRALIN) .

0.6g (2.9 mmoll of N-6-methoxy-l,2,3,4-

-tetrahydro-l-naphthyl formamide was tl'jdrolyzed with

25ml of 10% sodium hydroxide solution under reflux

at 1400C for three hours. The amine obtained was

extracted with lOrn l of chloroform. Th e solution was

dried with anhydrous sodium sulphate and solvent
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removed in vacuo. The residue was dissolved in

ethyl acetate and petroleum ether (b.n. 40-60°)

added. A yellow-orange precipitate was formed:

wt. 0.49g (94.2%), m.n. 97-98°C. TLC, solvent

system A, Rf= 8.06. lR spectrum (KBr, vrne x l :
-1NH stretching vibrations for primary amine, 3400 cm

-1 -1and 3380 cm , aromatic nroton stretch, 3040 cm •

NMR spectrum (COC13): 67.3 (m,lHl, 66.75 (m,2Hl for

the aromatic p r o t o n s , 63.87 (m,2H) for the -NH2

p r-o t c n s , 63.82 (s,3Hl for the methoxy p r-o t o n s ,

62.77 (m,3H) for tetralinyl protons on C-1, C-4;

61.86 (m,4H) for tetralinyl methylene protons on

C-2, C-3.

3 • 4 • 6 7 - jvj ETHO X'{- 1 , 2 , :1 , 4 - TET RAHY[ll-l 0 - 1 - ~JAPHTH'( LAMI NE

(1-AMINO-7-METHOXYTETRALIN1.

This amine was synthesized from O.O?, (2.9 mmoll

of N-7-methoxy-l,2,3,4-tetrahydro-l-nanhthyl

formamide in the same manner as d~scribed for the

synthesis of 6-methoxytetralin: wt. D.Se; (96.2%),

om.o. 83-85 C. TL[, solvent system A,Rf= 0.07.

IRs p e c t ru m (K Br , vma x l : NH s t r e t chi n p, v i bra t ion s

for primary amine, 3390 cm-l and 1370 cm-l. I\JMR

spectrum ([OC13): 67.37 (s,lHl, f,7.D (m,2Hl for the

aromatic protons; 04.0 (m,2H) f o r the -~Jli2
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protons, 03.79 (s,3Hl for the methoxy protons;

02.70 (m,3Hl for tetralinyl protons on [-I, [-4;
cl.aS (m,4Hl for tetralinyl methvlene protons on
C-2, [-3.

3.5 SYNTHESIS 8F t-BUTYLOXY[ARB8NYL-L-PHENY-
LALANINE (Boc-Phe-OH,)17

A mixture of 1.65g (0.01 mol) of L-rheny-

lalanine, 3.59g (0.015 mol) of t-butyl r-nitrorhenyl-

carbonate. 2.65g (0.025 mol) of sodium carbonate,

15ml of t-butyl alcohol and 10ml of water was

refluxed by steam-bath for thirty minutes. Two

liquid layers rersisted but all solids dissolved

during this reriod. The condenser was removed and

the mixture was concentrated by an air stream

during teh minutes heating to remove t-butyl alcohol.

SodilJm p-nitrorhenolate dihydrate crystallized and

was collected after cooling and washed wjth 7ml of

water in three rortions; the filterate was adjusted

to pH 5 to 6 by dilute hydrochloric acid and

extr~cted with two 20ml portions of ether to remove

any remaining t-butyl p-nitrophenylcarbonate and

p-nit~ophenol. The aQueous portion was adjusted

to pH about 1 and the t-butyloxycarbonyl-L-pheny-

1alanine was extracted into three lnml rortions of
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anhydrous ether. After evaporation of the ether,

the solid residue was recrystallized from 60ml of

pet ro 1eumet her (h. p • 40- 600
) p lus 4nil of e thy 1

acetate: wt. 1.4g (52.6%), m.p. 78-800 (Lit.
70 800

n -',- , t-lnuRrson, TLC, solvent

system B, Rf= 0.6. IR spectrum Lnu j o l , vrne x l : nH,
-1 -1-13260 cm J C=O groups, 1700 cm and 1630 cm .

NMR spectrum (CDC13): 87.25 (s,5H) for the aromatic

protons; 04.9 (signal,lHl for CONH proton; (54.S

(signal,lHl for Phe methineJ 83.1 Cm,2H) for th2

protons.

3.6 SYNTHESIS OF t-BUTYLDXYCARBONYL-L-ISOLEUCINE

(Boc-Ile-DHl17

A mixture of 6.55g (0.05 moll of L-isoleucine,

l4.95g (0.063 moll of t-butyl p-nitrophenyl-

carbonate, 2.28g (0.057 moll of sodium hydroxide,

100ml of t-butyl alcohol and 50ml of water was

refluxed by steam-bath for 30 m i nu t e: . Two lIqu id

layers persisted but all solids dissolved durinv,

this period. The condenser was removed and the

mixture was concentrated by an air stream during

ten minutes heating to remove t-butyl alcohol.

Sodium p-nitrophenolate dihydrate crystallized and

was collected after cooling and washed with 3Sml of
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water in three portions; the ~ilt2rate was adjuste~

to pH 5 to 6 by dilute hydrochloric acid an~

extracted with two lOOm~ portions of ether to

remove any remaining t-butyl p-nitrophenylcarbonate

and p-nitrcphenol. The aque~us porticn was than

a~justed to pH about 1 and the t-butylcxycarbcnyl-L-

-isoleucine was extracted into three SOml portions

of anhydrous ether. After evaporation of the ether.

the solid residue was recrystallized from aeetone-
.

water: wt. 1.0Sg (9%) (Lit. 96%, Sc h ne b e L, 1967);
m n LlQ-55° T'r ' . .I.. -. ,..., 0 r-.• ~ •. -- • ILL, SOlvent sySt..8fll :J, Kf= .O~.

IR spectrum (nujol. vmax) - iNH. 3340 em -; C=C groucs,
-1 -11705 cm and 1660 em . i"JMR spectrum (CDC13):

o 5 • 1 5 (s i g n a 1 r 1 H) for' C 0 f\lH P r'C) t C)n ; <5 4 • 3 (s i g n a 1 • 1 H 1

61. 0 C rn , cH) Tor :::-,2 two ,.., ....met.ny.:.sCT

I 1 e ; <51 • 5 Cs , 9H J " , (CL! ) CTor "3'3 protor.s.

3.7 SYNTHESIS OF N-HYOROXYSUCCINIMIDE ESTE~S22
3.7.1 N-~YOROXYSUCCINIMIDE ESTER OF t-5UTYL~XY-

CAR80NYL-L-PHENYLALANINE ( e 0 e - P h e - 0 ~JS U) .

Butyloxycarbonyl-L-phenylalanine (l.Og.

3.9S rnrno l ) and N-hydroxysuccinimide (0.45g. ::.93mmolJ

were mutually dissolved in lOml of anhydrous

dim~thoxyethane (OME) at OoC. Then dicyclohsxyl-

car oad i imid e (0C C) (0. 9 036 , 3. 9a .nrna 1 -e- 1. C"J~.;) was

dissolved with stirrin~ and the solution kept at

0-50C for a period of twenty four hours.
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The dicyclohexylurea which formed was

separated by filteration and the filterate eva~o-

rated to dryness in an aoen dish leavin~ a

crystalline residue of 1.44g of crude rroduct.

Two successive recrystallizations from iso~roDyl-

alcohol-diiso~ro~yl eth~r gave the ~ure ~roduct:
wt. 1.0Bg (75%); m.p. 151-1520 (Lit. 152-153°,

And e r so n et a1. 1964l. TLC, solvent sys-tem

IR spectrum (nujol, vrne x l : ~JH, 3360 - 1cm -
-1 -1 -1C ••.O groups, 1810 cm r 1720 cm and 159[) cm

Nf"1Rspectrum (COC13): 67.3 (s,5H) for the aromatic

protons; 64.9 (m,2~) for CoNH and Phe methine ~rotons;

63 .28 (m, 2H) for the C -CH 2 -P h pro ton s , 62. 83 Ls , 4 H )

for th8 succinimido methylene protons; 61.4 (s,9H)

3.7.2 ~-HYDROXYSUCCINIMIDE ESTER OF t-BUTYLOXY-

CARBONYL-L-ISOLEUCINE (Boc-Ile-ONSU).
Butyloxycarbonyl-L-isoleucine (0.79g.,

3.42 mmol) and N-hydroxysuccinimide (0.39f" 3.42 mmol)

were mutually dissolved in lOml of anhydrous

dimethoxyethane at DoC. Then dicyclohexylcarbodiimide

(0.78g, 3.42 mmol + 10%) was dissolved with stirring
o -and the solution kept at 0-5 C for a period of

twenty four hours.

The dicyclohexylurea which formed was separated

by filteration and the filterate evaporated to dryness
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in an open dish leaving a crystalline residue OT

0.92g of cruce rroduct. Two successive recrysta-

llizations from diisopropyl ether gave the oure

product 0.63g (58%); m.r. 91-920 (Lit. 92-930,

Anderson et a1. 1964). TLC, solvent system 8,
-1cmIR spectrum f nu j o l , vrne x l : NH, 3350

-1 1 -1c=o groups, 1805 cm , 1720 cm- and 1670 cm

~mR sp ec t rum (C 0 C 1 3): 04 •9 6 (s ig na 1 ,1H ) for CON H

proton; 04.55 (signal,lH) for the lle methine;

02.81 (s,4H) for the succinimidG methylene protons;

01.44 (s,9H) for (CH3)3C protons; 01.04 (m,6H) for

the two methyls of Ile.

3.B SYNTHESIS OF tert-8UTYLOXYCARBONYLASPARTIC
ACID"

This compound was prepared cy the pH-stat

method (Schnabel, 19C7). To a stirred solution of

26.5g (0.2 mol) of aspartic acid in deionised we:er-

dioxane was added 4N sodium hydroxide until pH 3

was reached. N-tert-3utyloxycarbonyl azide (31.Sg,

0.22 mol) was added and pH maintained at 10.2 by

continuous addition OT 4N sodium hydroxide. The

Boc-Asp was extracted with ethyl acetate. Crystalli-

zation was by ethyl acetate-petroleum ether (b.p.
4n -~o) ,.,.. ',.J-OlJ ,. wn18n gave a wh i t e precipitate: w t . 32.Sg

(70%); m.p. 114-1150 (Lit.114-116°, Anderson et a~.,

1967) .



- 51 -

3.9 SYNThESIS OF ~-6E~ZYL ~-aUTYLJXYCARBCNYL-
5ASPARTAT~ (Boc-Asp-a-08z1)

This compound was synthesized in the same

manner as described in the literature (Hruby et al.,

19 7 3 ) . 11 .7 5g (0. 0 5 fII0 1) 0 f ~J - t e r t - but y lox 'j -

carbonylaspartic acid (prepared by :he pH-stat

method of Schnabel), was converted co t e r t+ bu t y I>

ox y car bon y 12 spa r tic a c ican h y d rid e CJ'j r e2 c tin g "'I i t h

11.36g (0.055 fIIol) of dicyclohexylcurbodiimide

(DCC), and the powdered product was stirreo with

5.4g (0.05 mol) of anhydrous benzyl alcohol for

about 24 hours. The crude oil was reacteD with

13.55g (0.075 moll of d ic y c lo h ex y lern i n e (DCHA) to

give Boc-Asp-a-OOzl OCHA salt (m.p.l40-142°, L~t

141- 142, Hru b y eta 1 " l 9 7 3) . The ~ree 80c-Asp-a-=~2~

was regenerated from the sdlt w::h ?O~ aqueous

c i tr i c a c i 0 and r ecry s tal 1 i zed fro ,~ e t; h a n0 1 - '~J a '~'"['
t 1212 (,-0' o c 1010 (I it ~g - l~i=w. . __ g / 'j -0 _; 11. P • -.....-J - __ _ ~ '- ~ ....-' .:: - _ :J ~ ,

Hruby et a1., 1973,. ;L~, =:.Jljen~.3ystefll :::..

R = 0.64. IR Lnujol, - :

f SpEctrum vmax) r,J i-i r ~3GO c:-n

C=D 17 25 - 1 - 1groups, CfT and 1540 CfII r·JI-1R spectrum
(CDC13): 67.:::::)(s,5h) for the e r-ornc c i c oro\:-:;';3;

a 5 • 6 5 Ls i g n a 1 ~ 1 H) for C CJ N H pro ton S; <3S . L 2 t s ~ 2 ~) ~ 'J r

the -0 -f.!::!. 2 -P h pro ton s , ,)4 .6 (s ig na 1 , 1H) TO" Asp

m e-thi n e , 63.0 (m,2h, TO::-' t h s ASP mechyler~ ~I':J-::.Jr,s;
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3.10 SYNTHESIS OF CARBOXA~IOE PROTECTED

ASPARAGINE AND GLUTAMINE DERIVATIVESS

3.10.1 a-BENZYL !-aUTYLOXYCAF80NYL-NCA_l,2,~,4-

-TETRAHYDRO-l-NAPHTHYLGLUTAMINATE (Boc-Gln-
(1,2,3,4-TETRAHY~RO-l-NAPHTHYL)-a-OBzl) .

A stirred mixture of 0.5g (1.5 mmol) of

a-benzyl !-butyloxycarbonylglutamate and O.2Er;

(2.25 mmol) of N-hydroxysuccinimide in 3ml of

dichloromethane was cooled to -SoC. To this

mixture was added O.34g (1.65 mmol) of dicyclchexyl-

carbodiimide in 5ml of dichloromethane, and the

mixture ·was stirred at -SeC for 50 minutes. A

solution of O.24g Cl.65 mmolJ of 1,2,3,4-tetrahydro-
-l-naphthylamine was added and the mixture was
stirred at -SaC for an additional ~O minutes and

at room temperature for 24hr. Acetic acid (O.075ml)

was added. the mi~ture was stirred fGr 15 minutes.

and thedicyclohexylure~ was filtered off and washed

with three 3ml ~ortions of dichleromethane. The

solvents wers removed on 2 retary evacorater in vacuo

and the residue was dissolveD in ~.5ml of dichlorome-

thane. Some insoluble crystals were filtered off.

Chloroform (7ml) was added to the fil~erate, the

solution was washed with three 9ml ~ortions of 5%

aqueous citric asic, t~~2e 12~1 pcrtions of 5%
=c;uscus

of deionised water. The organic layer was dried over
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anhydrous sodium sulphate and the solvents were

removed on a rotary evaporator in VaCUO. The

semi-solid was dissolved in 6ml of hot e t hv l acetate,

cooled to room temperature and filtered off. To

the filterate a solution of 24ml of petroleum ether

a(b.p. 40-60 C) was added dropwise, and the mixture

kept at 0-50C overnight. The precipitate was

fi 1t e r ed , washed wi th three 4. 5ml port ions 'of

petroleum ether (b.p. 40-600C) - ethyl acetate (4:l)

and dried in vacuo to give the product: wt. 0.31g

(,:5%); m.p. 82-830
• TLC, solvent system C, Rr= 0.80.

T

-1IR spectrum f nu j o l , vme x L: NH, 3310 cm ; C=O groups,

1740 cm-l, 1680 cm-l and 1630 -1cm r~MR spectrum

(COC13): 07.45 (s,5H) for the phenyl group; 67.J

(m,4H) for the o i su b s t i t u t e d phenyl group; 55.0

(signal,lrl), 05.4 (sig:laLIH) for CONH protons;

0~.25 (s,2H) for the -O-CH2-Ph p r-o t o n c , 64.3

(signal,lH) for GIn methine; 52.85 (m,3H) for

tetralinyl protons on C-1. C-4; 02.23 (m,4H) f c r-

Gln methylene protons; 01.96 (m,4H) for tetralinyl

me thy 1en e pro ton son C- 2, C- 3; 0 1. 52 Ls , 9H) i 0 :c

(CH3)3C protons.
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3.10.2 B-BENZYL t-BUTYLOXYCARBONYL-NCA-l,2,3,4-

-TETRAHYORO-1-NAPHTHYLISOASPARAGINATE

(Boc-Asn(l,2,3,4-tetrahydro-1-naphthyll-

-B-OBz!).

This com~ound was prepared from O.455p,

(1.5 mmol) of a-benzyl i-butyloxycarbonylaspartar8
( B0 c -Asp - a-0 B z 1) and O. 24 g (1. 6 5 mr'i0 1) a f

l,2,3,4-tetrahydro-1-naphthylamine in the same

manner as described for the prepardtion of

Boc-G1n(l,2,3,4-tetrahydro-l-naphthyll-a-CBzl: wt.
B.6g (89%); m.p. 124-1250

• TLC, solvent system C,

R.r= 0.93. IR s p e c t r-urn (K6r, vrne x l : NH, 3290 em-I;,

C 0 '7'"G -1 1680 -1 d '6·c; -1= groups, .J. -.J em, em an 1 •..•..J em .

NMR spectrum ([C[~'J): 07.35 (s,SH) For the [J~enyl

group; 87.15 (m,4H) -for the o i su b s t i t u t sd p h e n y l

gI'OUp; 66.7 Ls i g ne l • IH1, 65.6 (sip,r.al,lr,) TeJr cor,;~

p r-ot o n s , 65. '5 (s,2H) for t h e -O-~=-2-Ph p r-ot o rs ,

64.5 (signa1.1H) Fo r- Asn me t h i n e , (~~.B (>T,4Hl for

the tetralinyl me':hylene protons Qn [-2, [-3;
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3.10.3 a-BENZYL t-BUTYLOXYCARBONYL-NCA-5-METHnXY-
-l,2,3,4-TETRAHYoRO-I-NAPHTHYLISGASPARAGINATE

(Boc-Asn(5-methoxy-l,2,3,4-tetrahvdro-l-

naphthyl)-a-08z11

This compound was prepared from 0.485g

(1.5 mmol) of a-benzyl !-butyloxycarbonylaspartate

(Boc-Asp-8-oBzl) and 0.29g (1.65 mmol) of 5-methoxy-

-1,2,3,4-tetrahydro-l-naphthylamine in the same

manner as described for the preparation of

Boc-Gln(l,2,3,4-tetrahydro-l-naphthyl)-a-CBzl: wt.

0.52g (72%J; m.p. 60-620
• TLC, solvent sy s t am C,

Rf= 0.93. IR spectrum (nujol, vmaxJ: NH, 3310
C=O groups, 1720 cm-l, 1680 cm-1 and 1645 cm-l

- 1cm -

.
NMR spectrum (COC13): 67.33 (s, SH) Tor the pb e n y l

g raup; 66 .9 (rn , 3H) for t h E2 t r i sub s 1: i t u t 2 d (J hen y 1

g rcu p r 65.65 (signal,lHJ, 64.9 (siznal,lH) for CQrJh

protons; 65.12 (s,2H) for the -O-Ch2-Ph protons;

64.6 (signal,lH) for Asn rne t h i n e , .53.79 (s,3H) for

fhe methoxy protons; 01.8 (m,J,rl) for t h s t et re Li n y I

methylene f,.Jf'otonson C-2, C-3; 81.33 (s,9H) f::.r
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3.10.4 a-BENZYL t-BUTYLOXYCARBONYL-NCA-5-METHOXY-

-1,2,3,4-TETRAHYDRO-1-NAPHTHYLGLUTAMINATE

(Boc-G1n(5-methoxy-1,2,3,4-tetrahydro-1-

-naohthy11-a-OBzll

This comround was prepared from O,Ss
(1.5 mmo1l of a-benzyl !-buty1oxycarbony1g1utamace
(B 0 c -G 1u -a -0 6 z 1 1 and O. 29 g (1. 6 5 .rnmo 1 1 0 f

5-methoxy-1,2,3,4-tetrahydro-1-naphthylamine in th,3

same manner as described for the preparation OT

Boc-Gln(l,2,3,4-tetrahydro-l-naphthy11-a-OBz1: wt.

0.54g (73%); m.p. 104-105°. TLC, .io lv er t s y s t arn

C, R.c= 0,83, IR s p ec t r-urn (nujoL vmaxl: rm,
I

-1 -1 13320 cm - [=0 groups, 174J ern 16SCJ cm- and

1635 -1em NMR spectrum (CDC13):

for the ph",n y 1 g r° up; 66 • 9 5 (rn , 3H 1 fG r the ;:r is I~ ::; -

stituted phenyl group; 65.9 (signal.1H). ~5.2

(signa1,lH) for CONH protons; 65.17 (s.2H; .c·-:;rche

-0-CH2-Ph protons; 64.25 (signal,lHl for Gln me~hine;
63.8 (s,3Hl for t h s methoxy protons; 61.82 (m.":H)

for the tecralinyl methylene protons on C-2. [-3;

for protons.
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3.10.5 a-BENZYL t-aUTYLOXYCAR80NYL-NCA-6-MET~OXY-

-I,2,3,4-TETRAHYORO-I-NAPHTHYLASPARAGINATE

(Boc-Asn(6-metho~y-l,2,3,4-tetrahydro-l-

-naphthvlJ-a-OBzlJ

This compouno was prepared from C.46Sg

(1.5 mmo1) of a-benzyl !-butyloxycarbcnylaspar:2te

(Boc-Asp-a-OBzl) and O.29g (1.65 rnrno l ) of

6-methoxy-l,2,3,4-tetrahydro-l-naphthylamine in the

same manner as described for the preparation of

Boc-Gln(I,2,3,4-tetrahydro-1-naphthyl)-a-C2z1: ,.,f-
V'< ~ •

O.56g (78%); m.p. 75-760• TLC, solvent system C,
R,..= 0.73.

T
IR spectrum (KBr, vrna x l : NH,

,-,3320 err. .-;

-1C = 0 g ro ups, 17 3 0 c m , 1 68 0 -1 d ,~~,.., -1em an ~~~u em .
,

NMR spectrum (COCl~): 67.36 (s,5H) for the p h sny l...;

group; 67.1 (m,lH), 60.62 (m,2H) for the t r i su c st i tu-

t ad phenyl g ro u p , 55.85 (si~nal,lH), oS.OS (signal,ln)

for CONH protons; 0:.2 (s,2!-!) for the -G-CH_-Ph
-L.

protons; 64.45 (signal,lH) for Asn me t h i oe , 63.77

(s,3H) for .•.. 'l-ne met hex y pro ton s ; 61. 6 (rr., 4H ) for the

tetralinyl methylene protons on C-2, C-3; 61.4

(s,9H) for (CH~)_r pro .•..on-. __ L..;:, •
..J .J
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3.10.6 a-BENZYL t-8UTYLOXYCARBONYL-NCA-6-MET~OXY-

-1,2,3,4-TETRAHyoRO-I-NAPHTHYLGLUTAMINATE

(Boc-Gln(6-methoxy-l,2,3,4-tetrahydro-l-

naphthyll-a-OBzll

This compound was prepared from O.5g (1.5 mmol)

of a-benzyl !-butyloxycarbonylglutamate (ooc-G:u-

-a-oBzll and 0.29g (1,65 mmoll of 6-methoxy-l,2,3,4-

-tetrahydro-l-naphthylamine in the same manner as

described for the preparation of Boc-Gln( 1,2,3,4-

-tetrahydro-l-naphthyll-a-OBzl: wt. S,56g (76~1;
om. p , 91- 92. T L C, sol ve nt sy stem C, R f = u. S7 . IR

spectrum (i<.Br, vrna x l : ;\jH,3310 CfTl-l; [=0

(CoC13): 67.34 (s,51-1) for th,e phenyl ~roup; ,57.~

(m,lH), 66.7 (m,2!-t) for the t r i su b s t i r u t eo c r e r.yI

group; 65,8 (signal,lH) 65.0 (signaLlY) fer CC,'JH

protons; 05.19 (s,2HI for the -0-CH2-Ph protons;

64.25 (signal,lH) for Gln methine; 63.77 (s,3H) f o r-

the methoxy protons; 61.32 (M,4H) fc, the t e t re Li n y i

methylene protons on C-2, C-3; 81.4 .3,9H]
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3.10.7 a-BENZYL t-BUTYLOXYCARBONYL-NCA-7-METriOXY-
-1,2,3J4-TETRAHyoRo-1-NAPHTHYLISOASPARA~INATE

(Boc-Asn(7-methoxy-1,2,3,4-tetrahydro-1-

-naphthy1l-B-oBzll

This compound was prepared Trom n.43Sg

(1.5 mmo11 of B-benzyl !-buty1oxycarjonylaspartate
(Boc-Asp-B-oBz1l and 0.29g (1.65 mm~l) cf 7-methoxy-

-1,2,3,4-tetrahydro-l-naphthylamine in th2 sarna

manner as described for the p r-e p e r-e i. Lon of 8oc-Cln-

(1,2,3,4-tetrahydro-l-naphthy11-a-OBzl: wt. O.4g (56%);
om.p. 136-137 . TLC, solvent system C, Rf= 0.90.

IR spectrum (KBr, vme x ) : NH, -13310 em ; C=O groups,
1720 em-I, 1670 cm-1 and 1635 c~-l N f1 R s pee t r urn

(COC13): 67.38 (s,5Hl for the phenY~sro'up, ~6.35

(m,3Hl for the trisubstituted phany! group; ~,- ,~-.........• ,.....-
v -' • '-.J ~,

(signa1,lH), 65.0 (signal,lHl fo~ C~NH protons; 55.2

(s,2Hl for the -0-CH2-Ph protons; o~.55 (siznal,l~j

for Asn rne t h i n a , 63.81 (s,3Hl for t he me t ho xy p ro t o ns ,

61.85 (m,4Hl for the tetralinyl metnylene p['otons on
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3.10.8 a-BENZYL t-BUTYLOXYCARBONYL-NCA-7-METHOXY-

-1,2,3,4-TETRAHYoRO-I-NAPHTHYLASPARAGINATE

(Boc-Asn(7-methoxy-1,2,3,4-tetrahydro-l-

-naphthvll-a-OBzll

This compound was prepared from O.485g

(1.5 mmo1) of a-benzyl !-butyloxycarbonylaspartete

(B0 c -Asp -a-0B z1) and O. 29g (1. 6 5 mm 0 1 ~ 0 T 7 -met h0 x y -

-1,2,3,4-te~rahydro-l-naphthylamine in the same manner

as described for the preparation of 50c-Gln[1,2,3,~-
-tetrahydro-l-naphthylJ-a-OBzl: 1Nt. O.45g (62.5%);

om.p. 85-85 . TLC, solvent system C,
- 1spectrum (KBr, vrnax l . NH, 3310 cm -;

-1 -1 -11730 cm , 1680 cm and 1630 cm .

D = 0.75. IR'f

C = 0 g:o ups,

i If'1R s p e c t r urn

(CoC13): 67.34 (s,SH) TCJr the' phenyl ~rour; 60.7'3

(m,3H) for the trisubstituted phenyl ~roup; 65.33
(signal,lH), 6S.1 (si?;nal,lH) for CCJ~JH p r-o t o ns . 6S.l9

(s,2Hl for the .-O-CH2-Ph protons; 64.55 (s~gnal,lH)

for Asn rnat h i ne , 63.74 (s,3H) for the methoxy p r-o t o ns ,

61.82 (m,4H} for the tetralinyl methylene protcns on

C-2, C-3;61.4 (s,SH) fo: (Ch~.J)~C prcc~ns.
. ~
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3.10.9 a-BENZYL t-BUTYLOXYCARBONYL-NCA-l-METHOXY-

-1,2,3,4-TETRAHYORO-I-NAPHTHYLGLUTAMINATE

(Boc-G1n(7-methoxy-1,2,3,4-tetrahydro-1-

-naphthyll-a-OBz1l

This compound was prepared from 0.5g

(1.5 mmo1l of a-benzyl !-butyloxycarbonylglutamate-
(Boc-Glu-a-OBzl) and 0.29g Cl.65 mmol) of

7-methoxy-l,2,3,4-tetrahydro-l-naphthy1amine in the

same mcnner as described for the p r e p e r-e t i o n of

Boc-G1n(1,2,3,4-tetrahydro-1-naphthyll-a-OBzl: wt.

0.44g (60%j; m.p. 145-1460• TLC, solvent system C,
_ 1

Rf= 0.66. IR spectrum (KBr, vrne x ) : Hl+; 3320 em .L

-1 -1 ~ -1C=O groups, 1720 cm , 1680 em and 1020 em .

Nr1R spectrum (COC13): 67.32 ~s,5H) fur the pn e r.yl

group; 66.8 (m,3H) for the t r i su b s t i t u t ed phenyl group;

65 .75 (s i g ne l i IH ), 64. 9 5 (5 ig naLl H 1 for C J ~,Jf-i pro t o n s ;

65.17 (s,2Hl for the -0-CH2-Ph protons; 64.3 (signal,

IHl for GIn methine; 83.75 (s, 3Hl for the rne t ho x y

protons; 81.8 (m,4ri) for the tetralinyl methylene

protons on C-2, C-3; 01.4 (s,9ri) +o r pro;::ons.
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3.10.10 B-BENZYL t-BUTYLOXYCARBONYL-NCA-S,7-0IME-

THYl-l,2,3,4-TETRAHYORO-l-NAPHfHYLISOASPA-
RAGINATE (Boc-Asn(S,7-dimethyl-l,2,3,4-

-tetrahydro-l-naphthyll-S-08z1) .
This co~pound was prepared from O.485?

(I.S mmol) of B-benzyl !-butyloxycarbonylaspartate

(Boc-Asp-B-08z1) and 0.29g (1.65 mmol) of 5,7-dimethyl-

-1,2,3,4-tetrahydro-1-naphthy1amine in the same marIner

as described for the preparation of Boc-G1n(1,2,3,4-

tetrahydro-1-naphthy1)-a-OBz1: wt. 0.29g (40%); m.p.

143-144°. TLC, solvent system C, Rf= n.94. IR
-1spectrum (nujol, vmax): NH, 3300 cm ; C=O groups,

-1 -1 -11714 cm , 1672 cm and 1633 em NMR spectrum

(COC13): 67.36 (s,5H) for the phenyl group; 66.95
(s,2H) for the tetrasubs~ituted phenyl group;

66.6 (signal,lHl, 65.6 (signal,lHl for CONH protons;

65.19 (s,2H) for the -0-CH2-Ph protons; 64.S (signal,

IH) for Asn methine; 62.27 (s,3H), 62.2 [s,3Hl for

the two ~ethyl groups on the ring; 61.3 (m,4H) for

the tetralinyl methylene protons on C-2, [-3; 01.41
(s,9H) for (CH~J~ protons.~ ~
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3.10.11 a-BENZYL t-BUTYLOXYCAR80NYL-NCA-5,7-0IME-

THYL-l,2,3,4-TETRAHYORO-I-NAPHTHYLGLUTAMI-

NATE (Soc-Gln( 5, 7-dimethyl-1. 2, 3,4-tetra-

hydro-I-naohth'l1}-a-08z1) .

This compound was prepared fron O.Sg (l.S mmo!J

of a-benzyl ~-butyloxycarbonylglutamate (60c-Glu-a-08z1l
and 0.29g (1.65 mmol) of 5,7-dimethyl-l,2,3.4-tetra-

hydro-l-naphthylamine in the same manner as described

for the preparation of Boc-Gln(1,2,3.4-tetrahydro-l-

-naphthylJ-a-OBzl: wt. 0.4g (54%); m.p. 110-1110
•

TLC, solvent system C. Rf= 0.84.
-1vmax): NH, 3265 cm J C=Q groups,

IR spectrum (nujol,
1720 cm -1, 1570 -1cm -

e nd
- 11620 cm -. NMR spectrum (COCL): 67.3 (s.5H)

, j

ph en y 1 g ro up; <56.87 (s, 2H) for the t e t r-e -

for
<t n e

substituted phenyl group; 65.9 (signal,lH), 65.3

(signal,1H) for CONH protons; 65.13 (s.2Hl for

-O-CH2-Ph protons; 64.3 (signal,lH) for GIn rr.e t h i n e ,
62 .2 (d, 1-0 H) for the t;oj 0 met hy 1 g r0 ups and GIn

methylene protens; 61.8 (m,4H) for the tetra1inyl

met hy 1en e pro ton s 'J n C -2, C -3; 6 1 .38 C 5 , 9H ) f 0 "

.(C:-i~)~C protons ..:J .)
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3.11 SYNTHESIS OF OIPEPTIOES~6

3.11.1 80c-Phe-Asn(1,2,3,4-TETRAHYORO-I-NAPHTHYL)-

-8-08zl.

A solution of 80c-Asn(l,2,3,4-tetrahydro-l-

+ne pn t hy Ll+ a-Dfi z I (O.4~, 0.88 rnmol ) in 6ml trifluoro-

acetic acid and 0.5ml anisole was stirred for

25 minutes at room temperature. TFA was then removed

on a rotary evaporator ~ vacuo at 25-300C. 4ml of

dimethylformamide was then added to the ahove solution

and pH was adjusted to ~ with triethylamine. To this

solution was added 8oc-Phe-ONSU (O.32~, 0.88 mmol)

and solution was stirred for 14 hour3 at room

temperature. Ethyl acetate (20ml) WAS added and the

solution washed with three 20ml portions of 5%

aqueous cItric acid, two 20ml portions of 5% aqueous

sodium bicarbonate and five 15ml pcrtions of deionises

water. The or~anic portion was dried over anhydrous

sodium sulphate. The solvent was removed on a rotary

evaporator ~ vacuo: wt. 0.40~ (75.5%): m.p. 151-1520.

T L C , sol ve nt system C, R r- = O. 76 .
T

-1vmax): NH, 3280 cm J C=O groups,

IR spectrum (nujol,

1720 - ~cm -
-1 - 11680 cm and 1625 cm -. NMR spectrum (COC1~):

...J

67.36 (s,5H), 67.2(s,5H) for the two phenyl groups;

67.1 (s,4Hl Tor the disubstituted phenyl group,

s 5 :12 (5, 2H) for' t rl e -0 -CH .:;Ph pro ton s; 6J . C 5 (rn,2H )
- -<-.
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for the C- CH2 - Ph pro ton s ) 6 1 . 8 ( rn, ,jH) r- I r the

tEtralinyl methylene protons on C-2, :-3;

61.22 (s,9H) for (Cri")~C prctor.s .
..) -'

3 . 11 . 2 B0 c - P h e - As n ('7 - r~ETHO XY- 1 , 2 , 3 , 4 - T ::TRAHY[)R0 - 1 -

-NAPHTHYL)-B-OSz1.

This compound was prepared fro" O.19g

(0.81 rnrnoL) of Boc-Asn(7-methoxy-1,?,3,4-t2t:'ahydr~o-1-

- nap h thy 1 ) - B- 0 8 z 1 and O. 2 9 g (0. 8 1 mm0 1) cF B0 C - P I,e - 0 rE U

in the same manner as described for thE prsoaration of

8oc-Phe-Asn(1,2/3/4-tetrahydro-1-na~hthyl)-B-08z1:

wt. 0.44g (66%)) m.p. 164-1650
., TLC, solvent system

C, Rf= 0.72. IR spectrum (KBr, vrne x l : r~H, 3290

-1 -1 -1c=o groups, 1720 cm , 1660 cm and 1530 ern .

- 1Cl.i -

spectrum (C 0 C13): 67 . 3 4 (s, 5H), 6 7 . 1 9 (s, 5H) for t h e

two phenyl groups) 66.6 (m,3H) for the trisubstituted

phenyl group) 65.12 (s,2H) for -O-Ch2-~h protons;

63,69 (s,3H) for the methoxy protons) 63.0 (m,2H) for

-C-CH2-Ph protons; 61.75 (m.4H) for the tetraliny1

methylene protons on C-2, C-3; 61.18 (s,9H) for

(Cri3)3C protons.



- 76 -

3.11.3 Boe-Phe-Asn(7-METHOXY-l,2,3,4-TETRAHYORO-l-

-NAPHTHYL)-a-OBzl.
This compound w~s prepared from 0.39g

(0.81 mmol) of Boc-Asn(7-methoxy-l,2,3,4-tetrahydro-

-1-naphthyl}-o.-08zl and O.29g (0.81 rnrno L) of

8oc-Phe-ONSU in the same manner as o8scribea for :ne

preparation of 80e-Phe-Asn(1,2,3,4-tetrahydro-l-

-naphthyl)-S-08z1: wt. O.46g (90.2%); m i p , l65-1~5°.

TLC, 5clvent system C, Rf= 0.59. IR spectrum (KBr,
vrne x L: NH, 3290 em-l, [=0 groups, 1735 cm-l

1650 cm-l and 1630 cm-l. NMR spectrum ([OC13):

67.37 (s,5H), 07.22 (s,5H) for the :NO ph e oy l o,:-~..:ps;

66.8 (m,3H) for the trisubstituted c ne ny l group;

o 5 .22 (s, 2H ) for the -0 -UL. - P h pro L -,s ; C3 .7 Ls , 3H )
-L

for the me t ho x y protons; 01.75 (m,~h) for

t et ra 1 in y 1 me th y le ne pro ton son [- 2, C -:J ; I) ~ • :3 7

3.11.4 Boc-Phe-Asn(S,7-0IMETHYL-l,2,3,4-TETRAHYORC-l-

-NAPHTHYLl-B-CBzl.

This compound was prepared ;rom O.3Sg

(0.81 mmol1 of Boc-Asn(S/7-dimethyl-l,2,3,4-

-tstrahydro-l-naphthyll-g-OBzl dnd D.29g (0.81 mmolJ

of Boc-Phe-ONSU in the same manner as descrioeo for
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the preparation of 80c-Phe-AsnCl,2,3,4-tetrahydro-l-

-naphthyl)-B-08z1: wt. O.4g (79%); m.p. 149-150°.

TLC, solvent system C, Rf= 0.77. IR spectrum (nujol,
-1 --1

vmax l : NH, 3300 cm J c=o groups, 1730 cm
1 -11685 cm- and 1635 cm - NMR spectrum (COC13l:

67.38 (s,5Hl, 67.22(s,5H) for the two phenyl groups;

66.87 (s,2H) for the tetrasubstituted phenyl group;

65.16 (s,2H) for -0-CH2-Ph protons; 63.1 Cm,2Hl for

the -C-CH2-Pn protons; 62.21 (merged s,5hj for the

two methyl groups on the ring; 61.83 (m,4-H) for the

tetralinyl methylene protons on C-2,C-3; 61.23

3.12 SYNTHESIS OF TRIPEPTIOES35

3.12.1 Boc-Ile-Phe-Asn(l,2,3,4-TETRAHYDRO-l-

-NAPHTHYLl-S-08zl.

A solution of8oc-Phe-Asn(l,2,3,4-tetrahy-

dro-l-naphthyll-8-08zl (O.lSg, 0.25 mmoll in 3ml

TFA and 0.25ml of anisole was stirred at room

temper3ture for 2S minutes. The solvent was removed

on a rotary evapor2tor in vacuo at room t2"'~2rature.

The oil residue was treated twice with lOm_ pGrtions

of ethyl ether, and the ether was evapor3tsd to

dryness each time. The white solid was dissolved in

lOml of dichloromethane and the pH was adjusted to 7
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wit h t r ie thy 1ami n e . a 0 C - I 1 e -0 N S U (J. 06 g , O. 2 S ii[T. C) 1 )

was added, and the mixture was stirred for 35 minutes

at room temperature. The mixture was filtered 2nc
the sol v e nt rem 0 v edin va c u0 0 n a r Q ta ,"": e 'J e oc :--::t 0 :--

at room temperature. TLC of the cr~de ~rGcuc: ~~C~

solvent system C gave tnree c ornpon s n t s with R_=
i

O. 7 ~,

0.35 and O. Isolation of the components was by

column chromatography and component with R_=
t

0.7J

was fGund to be the tripeptide. So 1 vent rn i« tLJ c":?

containing the tripeptide was removed In ~aC~Q en a

rotary evaporator at room temperatu:--e. he residue
was dissolved in 4ml of ethyl aceta:e ane 20m~ of

petroleum ether (b.p. 40-600) was added end plaGe=

in the freezer overnight. 1ne prec~pi~2:e was

filtered off and crieD in vacuo to gi~a a whi:~

crystalline pr oc cc t : we. 0.145 (78%); "l.Cj.
",~,- -.-"-L...J:.- ....U .....•

TLC, solvent -sy s t e:n C, P,_= 0.73.
T

) NH - - 6 0 -1 - 0vmax: , ~L cm J"L= groups,

-r- - ,
- 1

c rn

- 1 '1680 cm - anc 1625 em-I. NMR speGt,um (COC13):

67.33 (s,5H), 67.15 (s,5rl) for the cwo phenyl g r-ou p s ,

67.08 (s,4hl for the disubstituted ::,he"y~ t;rcu~j

65 .12 (s, 2H) for the -0 -C H 2 -Ph pro':c n s j 63. 27 (m ,2 f-: 1

for the -C-CH2-Ph protons} 61.8 (m,.1rll for the

tetralinyl m2thylene protons on C-2. [-31 o~.~=

two methyl groups of ~le.
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3.12.2 80c-Ile-Ph~-Asn(7-METHOXY-l,2,3,4-TE~~A-

HYORO-l-NAPHTHYL)-a-08z1.

This comround was prepared from 0.16g

(0.25 mmol) of Boc-Phe-Asn(7-methoxy-l,2,3,4-

-tetrahydro-l-naphthy11-a-08zl and 0.032 (0.25 mmo11

of Boc-Ile-ONSU in the same manner 23 describec fer

the preparation of Boc-Ile-Phe-Asn(l,2,3,4-~etra-

-hydro-l-naphthy11-S-06:d: white c r-yst e lLi ne c oripcu no ,

wt. 0.15g (78%1; m.p. 214-216°. TLl, solvent
system c , Rf= 0.33, 0, 0.83. IR spectrum (,,,2r,

-1 -1
vmax L: i'JH,3270 em ; [=0 groups, 1730 em

- 1 - 11680 cm - ane 1530 em - NMR s p ec t rurn ([OCL, I :
-'

67.36 (s,5:-1), 57.23 (s,5ri1 for t h e two pne ny l g,:JupSj

65.75 (m,3H1 for the trisubs~ituted Ghanyl grG~nj
cS.2 (s,2:--J)for t r.e -O-C:"';2Ph p ro t o n s , c~.7S Is,3:...J;

for the methoxy protons; 61.6 (m,4H) for- 'L.r-:=::

tetralinyl methylene ~rotons on [-2, C-~j ~l.~~

methyl gro~ps o~ lIe.

3.12.3 8oc-Ile-Phe-A5nC5,7-DIMETrlYI_-l,2,3,~-T~~RA-

HYDRO-I-NAPHTrlYL1-B-08z1.

This compounc ~~s prepared

(0.25 mmol) of Boe-Phe-Asn(5,7-dime~hyl-1,2,3,j-

-tetrahydro-l-naphthy11-B-08z1 and J.OBS (8.25 mmo1l
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of Boc-Ile-ONSU in the same manner as described for

the preparation of Boc-Ile-Phe-Asn(l,2,3,4-

-tetrahydro-l-naphthyll-8-0Bzl: white crystalline
ocompound, wt. 0.13g (70%) J m.p. 202-203. TLC,

solvent system C, Rf= 0.70. IRspectrum CKBr, vrnax ) :

NH, 3260 -1cm C=O groups, 1720 -1cm -11670 cm

and 1625 -1cm NMR spectrum.CCDC13): 67.35 Cs,5H),

67.17 (s,5H) for the two phenyl grours; 66.83 (s,2H)

for the tetrasubstituted phenyl group; 65.15 (s,2H)

for the -0-CH2-Ph protons; 82.17 (merged s,6H) for

the two methyl groups on the ri~g; 61.84 Cm,4H) for

the tetralinyl methylene protons on C-2, C-3; 61.38

(s,9H) for ~CH3)3C protons; 60.75 em,EH) far the

two methyl gro~ps af lIe.

3.13 CLEAVAGE STUDIES OF THF CARBOXAMIDE PROTECTED

DERIVATIVES IN TRIFLUOROACETIC ACID-OICHLO-

-ROMETHANE-ANISOLE (50:48:2 v/v).

Small quantities of the carboxamide protected

glutaminate, asparaginate and isoasparaginate deri-

va~ives were placed in separate vessels, 2ml of

cleavage solvent H, was added to each vessel and the

mixtures were stirred at room temperature for 24hr.

Samples under cleavage treatment were thin-layer
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chromatographed at lhr, 3hr, 5hr, 7hr and 24hr.

The solvent system was chloroform-methanal-glacial

acetic acid (85:10;5 v/v). Detecting reagent was

ninhydrin in acetone.

3.14 CLEAVAGE STUDIES OF doc-Asn(1,2,3,4-

- t e tra h y d ro - 1 - nap hthy 1 )- B-0B.' 1, co c -1\sn (5 ,7 -

-dimethyl-l,2,3,4-tetrahvdro-l-naphth~l)-

-B-08zl, Boc-Asn(7-methoxy-l.2,3,4-tetra-
-hydro-l-na~hthyl)-a-DBzl an] their

dipeotides IN BORON TRIFLUORIDE COMPLEX WIT~

,A,CETIe ACID (36% 8F3~3.2ACOH).

Small quantities of the comrounds were

dissolved in O.5ml TFA and 1.0ml of 8TFA was Boded.

The mixtures were stirred and thin-layer cnromaro-

graphed at Ihr, 2hr,3hr and 4h~.

chloroform-methanoi-glacial acetic acij [35;18;~ ~/vl.

Detecting reagent was ninhydrin in acetone.



LIST OF ABBREVIATIONS
Carboxamide Protecting Croups

Nama Formula I\bbr8vlutioil

1,2,3,4-Tatrahydro-l-naphthyl 00 1,2,3,4-TH-l-NT

5-Mathuxy-l,2,3,4-tetrahydro-l-naphthyl 96 5-Meo-l,2,3,4-TH-I-NT
l"l

co

6 -Na t hcx y+L, 2,3,4-'t s t r-a hydr-o -l-naph thyl Hm 6-Meo-l,2,3,4-TH-I-NT

7 -MBthoxy-l, 2,3, 4-tBtC'ahydC'o-1-naph t hy l ' H~ 7-Meo-l,2,3,4-TH-I-NT

5,7 -0 1mBthy 1-1, 2,3.4 - t s t r-e hydr-o -I-naphthyl "''Q6
~Ie

A~in8 Protecting,Groups
U

tert-bu tyloxyc:arbonyl C.CH ) call

5,7-Me2-l,2,3,4-TH-I-NT

Bac



Name

Ben zy Io x y

N-Hydroxysuccini~ido

Acetic Acid
rrl
co

Anisole

Benzyl Alcohol

Boron tristrifluoroacetate

Dicyclohexylamine

Oicyclohexylcar~odiimid8

Ca rb 0x1l~~~.iv iJ l i~ an cJ P r 0 t e c tin g GI' 0 ~

F0 l'mu 1 a Ahbrevialion

O-GIZ-O- 087.1

N-O- ONSu
~.

other Chemicals

CH3COOH flOAc

OOCH:)

QcHZOH BzlrJH

(CF]l.O())38 BTF/\

O~O (JCHA

r>-N=C=Nn oce



Name I-ormula 1\ h tl r C' lid I: ' ) I'-------.~ . _..

Dicyclohexylurea O -«:-i\l~-l. - I'.'H - [JeHU

Dielhyl ether OI]-CfI7.-D-CHZ-CHJ E: l: _,I)
r.

Diisopropyl ether
CH ....J.:H

~--r-O-~ 3
CH~ --""1.1
, j l., ',~

'-~-H<
i-Dr2()

~.
co 'N,N-Oimethylformamide Df'lF

Ethanol CH3-CH2-OH EtOH

Ethyl Acetate
o
II

C 1"3 - C - 0 - C H 2 - C H J E t:O,ll,c

Hydrogen Fluoride HF HF

Isopropyl alcohol ~
H-C-O-H

~

i -Pd.lH



Name r- or'rT1U 1d 1\ b tJ !'t,V i ,1 t i~Jr'

t-Butyl p-nitroph8nylc~rbonate (CH ) .C-o'ij V3 J -r.-n0'02
L- HIJ - f-' - ~Jrf:

Tetrahydrofuran T ,I r:

Trifluoroacetic Acid CF3CODH TF~

Ul
co

Derivatives of Glutamic ~nd Asr~rtic Acids

The 1,2,3,4-tett'ahydro-I-na[lhthyl gt'oup is used 1.0 i l Lu s t r-et e how to w r i l. e t-,he n,)rrH;,

form u 1a r , and a b b r 8 v ia t ion 0 f the car box a rn ide pro tee t E~rI a rn in (J a c i rJ •

Name Fo rmu le Ab b r-evio t i on

a-Benzyl l-butyloxy-
carbonylaspartate

(CH3) 3 C-0 J-Nil - fH -COliC H2C SH r,
CH2-CC10H

[lo C - f •." r1 - (j - fJ R z 1

a-8enzyl l-butyloxy-
~arbonylglutamat8

o ( CH 2) 2 - CClClH
/I I - -

( CH 3 ) J C - 0 - C - ~jH - CH - COO C H 2 C [jH S Boc-Glu-a-QBzl



NumB

a-Benzyl l-butyloxy-
. CAcarbonyl-N -l,2,3,4-tetra-

hydro-l-haphthylasparaginate

t:J
C.J

a-Benzyl l-butyloxy-
CAearbonyl-N -l,2,3,4-tetrahy-

dro-l-naphthylglutaminate

N-tert-Butyloxyearbonylas-
partie Acid

Formula I\hbr8IJiatiol1

~(CH3)3C-O-C-NH-~H C~OCH2C6H5

!:~H~
8oc-Asn(l,2,3,4-TH-l-NT)-
0-00z1

(CH3)3C-O-~-NH-CH-conCH2C6H5
. ( !H 2) 2cANHB

Boe-Gln(l,2,3,4-TH-1-NT1-
a-08z1

.~
(CH3)3C-O-C-NH-CH-COnH

I
CH2-COOH

Doc-Asp



NamB

N-tert-Butyloxycarbonylglu-
·tamic Acid

r-,
c:J

CAN-tert-Butyloxycarbonyl-N-
1,2,J,4-tstrahydro-l-naphthyl-
aspara~ins

CA·, N- te r t -But y lox yea r bon y 1 - ~J

l,2,3,4-tstrahydro-l-naphthyl-
glutami'ns

Formula
o
1/(CH3)3C-0-C-NH-CH-CllOH

I
(CH2)2-COOH

o

II_NH-CH-COOH ~8) C-O-C I
( CH

3
3 CH2 - C(] NH 0.

o
"-NI-I_Cll-[OOH 8) [-O-C I

(CH3
3 ) -CONH

(C112 ?

Abbrsvia t ion

8oc-Glu

8 a c - A s n ( 1 , 2) 3 , 4 - T H - 1 - ,\1T )

Goc-Gln(I~2,J,4-TH-1-NTJ
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