
STUDIES IN PEPTiDE SYNTHESIS

A thesis submitted to the Board of the

Faculty of Physical Sciences in the

University of Oxford in partial fulfilment

of the requirements for the Degree of

Doctor of Philosophy

by

Jonathan Gordon Warnke, B.Sc.

September, 1974

Balliol College and

The Dyson Perrins Laboratory,

Oxford.



To my parents



ACKNOWLEDGEMENTS

I should like to express my extreme gratitude to my supervisor, 

Dr. G. T. Young, for his help and continuing encouragement throughout this 

work.

I should also like to express my thanks to Drs. R. E. Offord and H. T. 

Sloioy for ihcii concern! advice, i nix: res I" ing and helpful discussions but moreover 

in providing the source and stimulation without which this project would not have 

been possible. I would also like to thank my colleagues in the Dyson Perrins 

Laboratory and the Laboratory of Molecular Biophysics for their interest, the 

Science Research Council fora studentship, and Balliol College, Oxford for 

assistance.

I am extremely grateful to Miss Pamela Wilmot for typing this thesis.



ABBREVIATIONS

Abbreviations for amino acids and their use in the formulation of derivatives 

follow wii'h some exceptions the revised (1971) Recommendations of the I.U.P.A.C.- 

I.U.B. Commission on Biochemical Nomenclature. I.U.P 0 A.C. Bulletin, No. 23, 

June 1972.

Other abbreviations which have been used without definition are:

Bpoc

Dcha

DMF

Edta

I.r.

N.m.r.

ONSu

OPic

Pipoc

T.I.c.

U.v.

BocTF

DCCI

HOBt

THF

Btm

DCA

CAA

2-(p-BiphenyIyl)-isopropyIoxycarbonyl

Oicyclohexylamine

N, N-Dimethylformamide

Ethylenediamine tetra-acetate

infrared

Nuclear magnetic resonance 

Succinimido-oxy- 

4-Picolyl ester 

Piperidino-oxycarbonyl 

Thin layer chromatography

Ultraviolet

2, 2, 2-TrifIuoro-N-t-butoxycarbonyl aminoethyl

N, N'-DicycIohexylcarbodi-imide

1 -Hydroxybenzotriazole

Tetrahydrofuran

Benzylthiomethy!

Dichloroacetic acid
A

Monochloroacetic acid

All amino acid residues are of the L configuration unless otherv/ise stated.
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INSULIN

History

The clinical aspects of diabetes mellitus have been known for a 

considerable time and the connection between the pancreas, "carbohydrate 

metabolism and the disease was initially realised in 1899 by von Mering and 

Minkowski. By the removal of the pancreas from dogs it was found that the 

clinical features of the disease soon appeared after the operation. Experiments

were undertaken to isolate this "active principle" in the pancreas and De Meyer

2
was probably the first to isolate an active component which he called "insuline".

3
The first potent extracts were obtained in 1920 by Banting and Best. They

demonstrated that by their injection it was possible to obviate the effects of the 

removal of the pancreas in dogs, and by regular dosage to reinstate to health in

cases of diabetes in man.

4 
Abe! obtained the first crystalline material from pancreatic extracts

which was shown to be proteinaceous in nature and had a greater activity than 

the extracts. After his initial crystallisation, Abel found that it was not always 

possible to repeat the process and it was Scott who discovered that the crystals 

contained zinc and that the addition of zinc ions (or other divalent metal ions 

such as nickel, cobalt or cadmium) would promote crystallisation.

Preparation and homogeneity

The preparation of a highly-pure Insulin for clinical use is nowadays a 

routine procedure using one of the early industrial extractions due to Romans. 

The hormone is extracted in acid ethanol-water solution (70-80% ethanol, 

pH 2.0). The extract Is concentrated under vacuum, defatted and adjusted to



pH 8.0 and the precipitate formed is discarded. After further concentration, 

salting-out with sodium chloride, isoelectric precipitation and crystallisation 

it is possible to prepare a crystalling material of high biological activity. 4-5 g 

of crystalline insulin of 24-25 units per mg are usually obtained from about 80 kg 

of calf pancreas.

Commercial preparations of crystalline insulin from different mammals

o o 
have been shown to be heterogeneous. ' A thorough study of eleven insulins

from different species by polyacrylamide electrophoresis revealed heterogeneity 

and in most cases a major component with a great number of minor bands. The 

possibility that the minor components were formed during electrophoresis was 

eliminated by re-running the main component and obtaining only a single band. 

The minor fractions showed various biological and immunological activities. Rat 

insulin showed two major and three minor bands, which was expected since it is 

known to contain two different B-chains.

The primary structure

A landmark in protein chemistry was achieved when Sanger and his co- 

workers reported the determination of the complete amino-acid sequence of beef 

insulin. This breakthrough was not only important in itself but also because 

the methods developed have been used successfully in determining the sequence 

of many other proteins. A great number of insulin sequences are now known 

mainly due to the work of Smith. The major variations are shown in Figure 1.

From the sequence variations of naturally occurring insulins it appears,

13 
considering the crystal structure, that tjnere are certain regions of the A- and



The Known Amino Acid Sequences of Insulin"- b

A CHAIX
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  Cirrlo<l in:n>!" - r.s rcj<ro!-ciit invariant rc.-i'iues.

Figure 1

B-chains which are strongly conserved and others where mutations are frequent. 

A core of "invariant" residues is formed in the interior of the molecule comprising 

of three cystines, leucines -A16, -B6, -BIT and -B15, isoleucine -A2, glycines 

-B8 and -B23 and vaIine-B18. The contact residues between the monomers in the 

dimer form another invariant group: va!ine-B12, tyrosine-B16 and phenylalanine- 

B24 and possibly the aromatics B25 and B26. The other invariant residues, 

glycine-Al, g!utamine-A5 and tyrosine-A19 could be involved in the maintenance 

of tertiary structure as they are situated on the surface of the molecule in its 

aggregated form.

The variant residues in different species are found on the surface of the



crystalline molecule and because of their accessibility, these residues could 

determine the immunological properties. Residues on the surface of the molecule 

can affect its aggregation. Histidine-Bl 0 is important to binding with zinc in 

the hexamer and is conserved in most Insulins, except guinea-pig which does not 

form a hexamer.

The molecular weight of the insulin monomer was determined to be

12
approximately 6,000 by Sanger but it was known that the protein could undergo

association giving aggregates that are a multiple of this value. The first studies

14
carried out at neutral pH estimated a value of 36, 000, and since then a large

number of papers have been published concerning the molecular weight of insulin.

The most significant, however, are the X-ray structural analysis developed by

13
Hodgkin and her coworkers at Oxford. The basic repeating unit in the crystals

studied, rhombohedral, is an insulin hexamer in which three dimers in the hexamer 

are related to one another by a crystal Iographic threefold axis and the two 

molecules in each dimer are related to each other by a local twofold axis. In 

the insulin molecule the two polypeptide chains are held together by two disulphide 

bridges and by hydrophobic and polar side chain interactions. The stabilization 

of the hexamer is achieved by predominately non-polar interactions between 

adjacent dimers and the co-ordination of the molecules to the two zinc ions on

___ Q

the threefold axis. This analysis, at 2.8A resolution, has helped to correlate the 

relationship between the structure and biological role of insulin. Figure 2 

indicates ^ spatial arrangement of the dimer viewed perpendicular to the crystal 

threefold axis. Figure 3 is the suggested arrangement for the connecting peptide
^

in proinsulin, which is seen assembled into a'hexamer.
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The main parameters affecting the aggregation of the hormone have been

studied by Fredericq and others. Investigation into binding on onions,

u 16,17,18 ... t .. 20-22 . . . 
pH, insulin concentration, dependence ot zinc ions and other

19-25 
metal divalent ions were the main parameters considered.

Proinsulin

Insulin has been shown to be synthesized in vivo as a single-chain

o/ 07 28 29 
precursor, proinsu I in, and the sequences of procine, bovine, human,

monkey, cod, angler-fish, rat and rabbit proinsulins are now known.

Proinsulin is proteolytically cleaved in the beta cell to form the more active

35 
double chain of insuiin and can be compared to other poiypeptide hormones

formed from larger, biologically less active precursors by the process of limited

oz oy
intracellular proteolysis, e.g. pancreatic alpha cell, parathyroid and

38 
pituitary hormones.

Reduction followed by reoxidation in alkaline buffer results in a 70-80%

39 
recovery of the original material. In contrast, reduction-reoxidation of insulin

results in a recovery of only 1%. This and other properties suggest that the

primary function of proinsulin may be to allow the pairing of cysteine residues

41 
necessary to form the tertiary structure of insulin as had been previously proposed.

The species variability in the structure of the connecting peptide segment of 

proinsulin suggests that the biosynthetic requirement is for a single chain precursor. 

However, there may be a specific necessity for a certain amino acid composition 

with the location of polar amino acids at the ends of the connecting segment, with 

relatively non-polar ones in the middle, and the absence of aromatic residues,



histidine and cysteme in the connecting segments, in all species so far 

investigated.

It has been proposed that the insulin moiety in proinsuiin exists in a very 

similar conformation as insulin itself and that the connecting peptlde is in a
j*y

random coil formation with perhaps two short alpha helix areas. Proinsuiin

42
also complexes with zinc to form a hexamer like insulin as in Figure 3. Since

* 

proinsuiin coprecipitates and cocrystallises with insulin during its commercial

preparation the initial method for isolation of proinsuiin was by purification of

44 
commercially available insulin. Proinsuiin and various related proteins have

been isolated by means of DEAE-ceiiulose chromatography and urea-containing

45 m 46 
buffer and from plasma and other tissues by chromatography on Sephadex G-50

and Biogel P-30. 47

A synthesis of p^cine proinsuiin has used the strategy of the approach to 

ribonuclease T, and eleven protected fragments covering the entire 84 residues 

and partial!/ protected derivatives corresponding to the sequences 25-84 and 

17-84 have been obtained. Various other fragments have been prepared and 

one method involves elongation of the A-chain S-suIphonate of bovine insulin.

Geiger has recently reported the synthesis of human proinsuiin C-peptide and its

51 
glutamic acid-9, glutamine-11 analogue.

Chemical Synthesis

Following the pioneering work of du Vigneaud who demonstrated the 

feasibility of synthesising complex physiological molecules, three independent 

groups succeeded in preparing insulin, the, first protein to be synthesised by



8

52 53 
chemical means. Sheep insulin was prepared by German and American

groups while the Chinese group prepared beef insulin.

The general strategy was very similar in all three cases. The A- and 

B-chains were initially prepared and then coupled in the correct order to afford 

the synthetic chains. Insulin was then prepared by combination of the individual 

A- and B-chains; the final combination and deprotection of the protected chains 

proving the most difficult. Initial studies with A- and B-chains obtained by

sulphitolysis of natural insulin indicated that only 0.5-5.0% of the theoretical

40 55 56 
activity was obtained after recombination ' ' and although these later stages

were improved recoveries were only in the order of 30-50%. It was demonstrated 

that the sodium-liquid ammonia method of removing the particular protecting groups 

of the A- and B-chains was responsible for the poor yields in the blank experiment 

and also in the recombination of the synthetic A- and B-chains. However, after 

repeated purification of the recombined synthetic chains, crystalline insulin of 

high biological activity was obtained by all three groups.

Bovine insulin with specific and totai activities comparable to those

cp

reported for classical syntheses was synthesised by solid phase methods; but by 

employing similar protecting groups to the previous methods the same deprotection 

problems were encountered as well as its inherent difficulties now realised.

Katsoyannis has used fragment condensation to prepare a more suitable

protected B-chain which can be deblocked by liquid hydrogen fluoride and the

59 
reduced peptide converted to the S-sulphonate by oxidative sulphitolysis.

AH the insulin syntheses described so far lack control over the last stage
A

in that the three disulphide bridges are formed simultaneous after vigorous complete



deprotection. Hiskey has outlined plans for a synthesis of ovine insulin 

which employs greater control over the formation of the disulphide links and 

final deprotection will be by relative^mild acidolysis. The preparation of the
A

A, , o and A, . ,-,1 fragments have been reported.

Structure-function studies with chemically modified insulins

It has been suggested that the structure of the zinc insulin hexamer in 

solution is very similar to the crystal, as determined by X-ray analysis, and that

the general three-dimensional structure of at least the dimers may be conserved

13 ... 
in all the sequenced insulins. In identifying the amino acids which are essential

for its activity, consideration of not only the natural variation of sequences but 

also the activities of synthetic, chemically modified and enzymatically modified 

insulins must be made with regard to the crystal structure.

In general, the surface residues of the hexamer are hydrophilic and most 

are surrounded by solvent in the crystal lattice. These features are also 

characteristic of enzymes where the results of X-ray analysis have been used 

extensively to rationalize the solution properties, and they suggest that the structure 

of insulin will also be similar in solution. This has been confirmed by comparative

z o

tritium exchange experiments in crystals and in solution. Results of structure 

studies in solution can be derived in terms of the examination of the availability 

of various functional groups, whether buried or exposed, and in relation to the 

geometry of the molecule, 

(a) Modification of ammo groups

The reactivity of the amino groups has been studied with a variety of



10

reagents. In most cases Edman-like reagents show a preferential order of

/ o c
reactivity Bl > Al » B29. This is in agreement with their positioning in 

the dimer where the Bl amino group should be freely accessible. There is then 

the possibility that reaction at the Bl amino group, which is in the area of 

dimer-dimer contacts in the hexamer, would inhibit any hexamer formation. 

The AT amino group is more tightly bound to the structure and removal or 

modification of this group rather than at the Bl amino group appears to result in 

greater conformationa! changes in the insulin molecule.

o '

The e-amino group of lysine-B29 is about 10A from the Al amino group 

and extends into the solvent; its high pK appears to limit its reactivity. The 

proximity of the Al and B29 amino groups has led to various bifunctional reagents 

being cross-linked with these groups. Crystalline beef insulin was reacted with 

1 .2 equivalents of bis-p-nitrophenyl esters of aliphatic dicarboxylic acids, under 

dilution conditions in dimethylsulphoxide in the presence of triethylamine to give

/L O

crystalline derivatives of varying activities. Lindsay has described the 

preparation of glycine-Al-lysine-B29-succinyi insulin and glycine-Al-hemi- 

succinyl insulin. This small separation has been supported by immunochemical 

and spectral studies.

The essential nature of purification and characterisation studies of reaction 

products was initially realized by Andersen, who reacted insulin with 

phenylisocyanate, separated the products by reversed partition chromatography. 

After characterisation (analysis of hydantoins) they proved to be unreacted insulin,

monophenylcarbamoy! insulin - 90% substituted at N-terminal glycine and
>,

diphenylcarbamoyl insulin substituted at both N-terminal amino groups. The
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reported biological activities were 28 lU/mg, 23 lU/mg and 13 lU/mg respectively 

which indicates that substitution on residue-Bl has not much effect on the 

biological activity of the hormone but substitution on both N-terminal amino 

groups decreases the activity by about 50%.

Fluorescent derivatives of insulin were prepared by reaction with fiuoresceln

118 
isothiocyanate and contained between 1.2 and 1.8 bound fluorescein groups

per mole of insulin, the primary site being N-terminal phenylalanine. The 

biological activity, as estimated by hypoglycaemic response produced on fasted 

rabbits, was approximately 60-80% of unmodified insulin. This reaction was 

further studied by Bromer who managed to separate mono-, di- and trisubstituted 

compounds by DEAE-Sephadex chromatography. Monofluoresceinthiocarbamoyl 

insulin was found to be substituted at one or other of the N-terminal residues, di- 

and trifluorescein derivatives were substituted at the N-terminal glycine and 

phenylaianine and, in the triderivatlve at the e-amino of Iysine-B29. The 

biological activities were found to be mono- 40%, di- 40% and tri- no activity 

when compared to insulin.

The development of semisynthetic analogues of insulin was probably due 

to the pioneering work of Levy and Carpenter. By reacting insulin with t-butoxy- 

carbonyl azide in anhydrous dimethylformamide all the amino groups were protected 

with the t-butoxycarbonyl group. The product retained a diminished biological 

activity but on treatment with anhydrous trifluoroacetic acid, the protecting 

groups were removed and a crystalline insulin of high biological activity was

obtained. Triaminoacy I-insulins were also prepared by reacting the p-nitrophenyl
*

ester of t-butoxycarbonyl amino acids with insulin and removing the protecting
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t-butoxycarbonyl group with anhydrous trifluoroacetic acid. Derivatives 

prepared were tria'lanyl-, tnasparaginyl-, triiysyl-, trimethionyl-, and tri- 

glutamyl-insulins. The products were thoroughly characterised by amino acid 

composition, chemical and enzymatic degradation and all possessed about the 

same biological activity, approximately 40-50% of native insulin.

By using selective Edman degradations a wide variety of shortened and

72
substituted N-termina! chain derivatives have been prepared. Des-phenyl-

alanine-BI-insulin, des-phenyla!anine-val?ne-Bl-2-insuiin and des-phenyl- 

alanine-valine-asparagine-Bl-3-insuiin all have high blood sugar lowering 

activities. G!ycine-B4 was cyclised to pyruvic acid to give the derivative des-

phenylaIanine-valine-asparagine-Bl-3-pyruvic acid-B4-insuiin similarly active.

73
A homogeneous monoiodoinsulin was prepared by reacting AT, B29-bis-t-

butoxyicarbonyl-des-phenylalanlne-Bl-insulin with N-t-butoxylcarbonyl-p-

iodophenylalanine 2,4,5-trichIorophenyl ester to yield a derivative with high

activity.

(b) Modification of carboxy groups

It has been found that esterification of the carboxylate groups is also 

consistent with their position on the surface of the molecule. However, two of 

the groups seem to be involved in interactions with other residues. The carboxylate 

of g!utamate-A4 lies close to lysine-B29 and the A-chain carboxyl terminal is 

close to the guanidinium. group of arginine-B22. Thus these surface interactions
*/* s

may be disturbed on esterification and involve conformational changes in the

74 
molecule. The close interaction of asparagine-A21 may also be the reason for

75 
limited cleavage of this residue by carboxypeptidase.
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Mommaerts and Nelirath studied the effect of esterification of the 

carboxy groups of insulin and conditions were obtained where six moles of 

methoxyl group per mole of Insulin were found. It was concluded that all the 

carboxy groups of the hormone were completely and exclusively esterified. 

More drastic conditions gave rise to partial hydrolysis of the amide groups of the 

molecule. It was claimed that the biological activity was not appreciably altered 

when up to two-thirds of the carboxy groups were esterified but further incorporation 

of methoxy groups did.

Esterification in anhydrous hydrogen chloride-methanol gave two main 

products, an inactive hexamethyl ester of insulin and a fully esterified product

containing an N ~ O shift at the bond linking tyrosine-B26 and threonine-B27.

78 
Water-soluble carbodi-imides have been used to modify the carboxy groups

and products were obtained in which reaction had taken place at either one or both

of the glutamic residues-B13 and -B21 and also at the C-termina! asparagine-A21.

79
Osawa inferred that the partial loss of biological activity was due to substitution

of asparagine-A21 which appears to be essential for activity, 

(c) Modifications of other functional groups

Studies on structures in solution have indicated that one or more of the 

tyrosine residues are involved in various forms of Interactions which can be 

correlated to the crystal structure.

OQ

Changss in the tyrosine absorption spectra and decreased circular

dichrolsm of the tyrosines are found when the dimers dissociate on dilution or the

81 
C-terminal octapeptide is removed by trypsin. This has been suggested to be

A

due to a transfer of B-chain tyrosine residues from a non-polar environment to
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oo 
aqueous solution. This is exemplified in the case of nitration or iodination

where there is a preferred reaction with the A-chain ryrosine residues which are 

more exposed in the dimer and other higher aggregation states than B-chain

ryrosine residues. ' ' Monoiodination of tyrosine-A19 compared to di-

83 
Iodination of tyrosine-Al4 is consistent with the differing environments. The

four tyrosines of insulin have been shown to possess the following order of reactiviry 

against tetranitromerhane, TyrAl4 > A19 > B16 > B26, and with progressive 

nitration, the reactivities of tyrosines-A 14, -A19 and -816 become very similar 

whereas tyrosine-B26 maintains a significant lower reactiviry. The mononitro-,

nr

dlnitro- and trlnitro-insulins have been Isolated and activities measured by 

immunoassay were 40%, 30% and 18% of insulin respectively. Pure tetranitro- 

ryrosine insulin was purified by chromatography and retains a biological activity

of 12.5 lU/mg and 11,3 lu/mg in the mouse convulsion and immunochemical assays

*- I 119 
respectively.

Although there is general agreement between studies in solution and the 

crystal structure small changes of conformation are possible when the species

considered is in solution, dimer or hexamer form. Thus a change in the position

oz oy 
of tyrosine-A!4 may give rise to the reported ryrosyl ionization ' and selective

o-cyanolation of residues-A19 and -B16.

It has been suggested that histidines-B5 and -BIO were both essential for

89 90 
biological activity on account of photo-oxidation studies ' but Gattner has

found that photo-oxidation of the tyrosines leads to the formation of approximately

91
30% polymers. Therefore, it Is suggested that this method was not the best to

>

study histidine influence on the biological activity of the hormone.
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The sulphation of insulin has been reported ' and up to nine products

have been isolated by paper electrophoresls. Sulphonation of one threonine, 

three serines together with sulphonation of a tyrosyl residue, -sulphamation of a 

free amino group and a little p-tyrosyl sulphate is reported. Some have reduced 

biological activity and have been used to treat resistant diabetics.

Modification at arginine-822 has been carried out with glyoxal '

where it seems that transamination at amino groups occurs with the formation of

97 
the corresponding keto derivative. The biological activity by rat adipose tissue

was reported to be 16% of native insulin. Reaction of this glyoxal modified insulin, 

which had a-keto groups at the a-amino groups, with phenyl glyoxal gave 86% 

reaction at arginirie and the product had 1% activity of insulin. The products 

were not isolated and the specificity with regard to the imidazole groups of 

histidine or hydroxyl groups of tyrosine was not considered, 

(d) Biological activity of enzymatically degraded insulins

Native insulin is very highly resistant towards hydrolysing enzymes in vitro,

the zinc appearing to inhibit the reaction. Leucine aminopeptidase digests only

98 99 
metal-free insulin and insulin is only slowly cleaved by trypsin and chymotrypsin

yet the rate of hydrolysis increases rapidly after the breaking of one bond. 

Insulin is strongly attacked by subtilisin. When insulin is treated with a weak

acid, several transformation products are formed and these were identified as

102 
desamido insulins. The location of the labile amide bond(s) was achieved by

103 
Slobin and Carpenter who suggested that the amide bond of asparagine-A21 is

acid labile and that the hydrolysis of the remaining five amide groups of insulin

^

occurs at a much slower rate. There are only two peptide bonds in insulin that are
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labile to trypsin, those between arginine-B22 and glycine-B23 and between 

lysine-B29 and alanine-B30. Nicol showed that tryptic digestion of the 

hormone afforded desoctapeptide insulin with a reported biological activity of 

15% of that of native insulin. The rate of release of alanine-B30 and heptapeptide-

B23-29 by trypsin follows essentially the same kinetics but the biological activity

105 
of the desoctapeptide insulin was found to be less than 2% and a lower value

of approximately 1% has been cited. Through the use of enzymes, trypsin and 

carboxypeptidase, and acid treatment, Carpenter has reported the preparation 

of several highly purified fragments lacking residues at the C-terminus of either A- 

or B- or both chains of insulin.

Figure 4

Biological Activity of Various Bovine Insulin Derivatives 

Compound Biological Activity lu/mg Type of assay

Desamido-A21-insulin 26 rat diaphragm

" 23 mouse convulsion

Desalan?ne-B30-des- ' 1.2 .... 
asparagine-A21 -insulin

11 <1.0 rat diaphragm 

" 0.4 immunochemical

Desalanine-B30- 16 mouse convulsion 
desamido-A21 -insulin

" 18 rat diaphragm

" 16 immunochemical

Desalanine-B30-insu!in 18 "

Desoctapeptide-insulin <1 mouse convulsion

" <1 rat diaphragm

	<0.4 rabbi: blood sugar 

" 1.1 immunochemical
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The removal of asparagine-A21 has a marked effect on the biological 

activity; in contrast when the amido group of asparagine-A21 is hydrolysed the 

activity remains substantially the same as ir. native insulin. -The loss of alanine- 

B30 decreases the activity by approximately 30% and the removal of the octa- 

peptide nearly abolishes the biological activity of the hormone.

These results suggested that the carboxyl group of asparagine-A21 or 

aspartic acid and some of the amino acids of the octapeptide are involved in 

specific interactions which are essential to the biological activity of the hormone.
r

Whether these interactions play the role of maintaining a specific three-dimensional 

structure and/or are involved in binding to another molecule or membrane is yet 

to be established. According to Cuatrer sas, there is a possible correlation
A

between binding of insulin to adipose tissue cells and the biological activity of 

the hormone.

Chemical Synthesis of Analogues

The development of solid phase peptide synthesis has allowed rapid

preparation of a variety of A- and B-chains. The method has been extensively

109 .... 
reviewed and its limitations with regard to the likely heterogeneity of the

initial product and the inherent difficulty of purification must impose severe 

restrictions on the size of pure peptides which can be prepared. Mainly due to 

the work of Weitzel over sixty hybrid insulins have been reported. Each 

synthetic A- or B-chain was hybridised with the corresponding natural chain. 

However, the biological activity was determined on the prepared analogue without 

any fractionation and the results obtained must be considered with this in mind.



18

The greatest problem has been the recombination of A- and B-chains and even 

the material derived from combining natural A- and B-chains had only 0.5-1 .2% 

of the activity of native insulin. The activity of any analogue prepared is 

dependent not only on its intrinsic activity but also its actual yield. Thus 

comparing similar activities of analogues with insulin, it could be assumed that 

the analogues have a specific activity similar to that of insulin. However, if the 

synthetic hybrid has little or no activity, then the combination may have been 

difficult and a poor yield was obtained. Using these hybrids an attempt has been 

made to give some indication of "essential" residues and those unimportant for 

activity. Figures 5 and 6 give the relative potencies of hybridised Insulins derived 

from either synthetic A- or B-chain and their corresponding natural chain.

Relative potencies of hybridised insulins derived from synthetic analogues of ovine A-chain and natural B-chain

Biological activity' % 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Mouse-convulsion assay

Gly He Val Glu Gin Cys Cys Ala Gly Val Cys Scr Leu Tyr Gin Leu Glu Asn Tyr Cys Asn 
————————————————————————————— Ala —————————————————————————

Ala Phe
—————————————————————— Leu ——— Ala -^———————— ————————————

Al'i
Al-i Phi-* . A H

/ WKI /viiiinc /\ lu

AH y* \ n
AH • - Scr/ > i»i «_i^ i

VJ IV *.! ^ 1

/if. AH ...... A ]--,
Ilr All

A 1 M A 1 - 1

AH Al-i

Al'i M-i
——————————— —Ala ——————————— Ala ———————————————————————————

Glu Ala
-Ala Glu

Vil
—————————— GIu ———————————————— Ala ——— —— - Glu ————— Ala Phe ——— Ala
—————————— Glu ———————————————— Ala ——— Ala Glu ————— Ala Phe ——— Ala
—— Val —————— Glu ———————————————— Ala ——— Ala Glu ————— Ala Phe ——— Ala

Glu - Ala- ——— Ala ——— —Glu ' Ala Phe Ala
Glu- ——————— ——Ala-- — Ala ——— Ala Glu —————— Ala Phe -Ala
Tilu - - ———— Ala Ala Ala Glu - Ala Plu--- AH

1.0-1.5 
0.8-1.2 

1.0 
0.6 1.0
inactive 

0.05 
1.0 
1.0 

inactive 
inactive 
0.2-0.4 
0.1-0.25 

0.2 
0.1 

0.2-0.4 
0.1-0.4 

1.3 
1.0-1.3 
inactive 
1.5 2.0

2.5 
0.4 

0.6-1.0 
2.4 

1.0-1.7 
0.8 
1.8 
3.2
1 S

Rat
fat-pad fl55aj

1.0-2.0 
0.4-0.9 

0.4

0.05 
2.7 
4.1 

inacmc 
inactive 

0.3 
0.15 
ft 3 0.16' 

0.33-0.37 
0.33 0.37

1.0 f 1.4 ' 

inactive 
2.1 
4.5 
0.3 

0.3-0.7 
4.0 
0.97 
0.54

Figure 5
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Relative potencies of hybridised insulins derived from synthetic analogues of bovine B-chain and natural A-chain

1 2 3 4 5 6 7 8 9 10 22 23 24

Phc Val Asn Gin His Leu Cys (ily Scr His Ary Gly Pi.
M-i
/ i t hi

- — - -Ala- -- ----- -- -- ----- - - - --
A l-i

--Ala -..-———..--.——— ____ ————— -----

Al-i••' ' " • f\ii\ j •
Ah .,..,.-
/ k 1 tl

Al-i Ah
. ... , A I-.

/ \ I 1 1

/ !.. A Li

A 1 -i A J -i

A l-i
/ V Ml

Al'i
A IT

Ah Al'i'
Ah All
Ah Ah Ah
A l-i A l'i Ah
*vlt-L / X 1 tL / \ 1 «l 

A 1 ,, A 1 -I

Mi Al'i A!i

All A l-i A In

Ala Ala Ala
Ala Ala- Ala Ala

Ah . . Ah Al-i

A l-i A l-i
/till j » I »l

--_._. .. -__.__.. . _ -Ala- - Om -
Ala - Ala 

- • - Ala --His 
Ala -- -— Ala- Ala- ----- Ala 
Ala— — - -— -Ala- Ala— -- Ala

Hioloyical acliiiiy ''/
25 26 27 2S 29 30 Mousc-com-uluon a.^ay I-'u;-;\:t! us\.i

,e Phc Tyi Thr I'm Lys Ala

. . ....... ... _Ala •- -
All

At.,

Ah Ah .

A I-,

A 1., Air,

——————— Ala Ala- — —— —
Al-i

A ].,

AI-i
A l-i

AN
Ali All

—————— -Ala- Ala ———— —
A 1., A 1o

Al-i Al'i

Ala
Ah

Ah/ \ lei

Ah

Ala
Al'i

Ali A In

— -...._ Ala 
Ala 
Ala

0.5-1.0 
0.6-1.1'

0.7" 
O/,' 
0.6" 
0.6' 
0.5" 
0.6 a 
1.0J 
1.5" 
5.5 e
i.r-
0.2 b 
5.0^ 
2.5' 
0.4 C 
0.7" 
0.5" 
0.5' 
1.2d 
1.3 d 
1.2 d 
5.4 C 
2.4 C 
5.6C 
2.6C 
2.7 C 
2.8 C 
0.1" 
1.0' 
O.I' 
0.1" 
1.0 J 

<0.1 a

0.4 O.S 
O.S4 
0.59 
0.45 
0.46 
0.51

1 he aoimly obl.tineJ on h>bri(.])N:ttion of each synilictic li-cbain with n;ilur.il A-^!uun is compared with the acini ty obtained on h>bridisjtion of n.itur.tl IJ-chain wilh A-chain. In the difTcrcnt series of experiments, 
he .tclit u> obtained with the natural chains \\ as a, 0.5 I .(> ','„; b, 1.2 " 0 ; c, 5.0 " u ; d. 2.0 "„; e, 5.5 /.,.

Figure 6

Using synthetic A.-chains and natural B-chain, hybrid insulins demonstrated 

that replacement of tyrosine-A14 or -A19 by phenylalanine resulted in no loss of 

activity and similarly asparagine-A18 and -A21, serine-A12 and valine-AlO could 

be replaced by alanine; the side functional groups of these amino acids appearing 

unimportant for activity. Various residues have been replaced by isofunctional 

residues but more prolific changes have led to a decrease in activity. Glutamines- 

A5 and -A15 were exchanged for glutamic acid and isoieucine-A2 was replaced 

by valine without any reduction of activity.^ However, if alanine was substituted
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at positions A5 or A15, or iso!eucine-A2 was replaced by leucine, less active 

products were obtained. Positions where the "natural" residue appeared 

irreplaceable were cysteines-A6 and -All and the region most sensitive to change 

was the amino terminal of the A-chain, glycine-Al, isoieucine-A2 and valine- 

A3.

Considering the X-ray crystal structure, it appears that the hydrophobic 

residues forming the "invariant core" of the protein are extremely resistant to 

change. Many of the results confirm chemical and fragment modifications, i.e. 

replacements of glycine-Al, tyrosines-A!4 and -AT9 and asparagine-A21. The 

need of an intrasulphide bridge between residues A6 and All is shown although

it is known that a sulphur atom can be replaced by a methylene group with some

112
retention of activity. It is claimed that in one analogue where there are eight

A-chain replacements there is as much biological activity as the hybrid formed 

with natural A-chain.

In considering B-chain analogues, it is found that as with fragmented 

chains, shortened chains lacking residues Bl-3 and B28-30 give equally active 

hybrids as native insulin. Changes involving residues-B4, -B9, -BIO and -B27 

were without effect on activity but replacement of histidine-B5, arginine-B22 

and tyrosine-B26 by alanine caused activity decreases. The suggestion of 

histidine-Bl 0 being unimportant is queried with the known role of this residue in 

intermolecular aggregation.

Fragment condensation has been used to produce shorter A- or B-chains 

which are then combined with their respective partner in the usual manner. 

Des-tetrapeptide-B27-30 human insulin has an activity of 11-15 lU/mg by the
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mouse convulsion method but destetrapeptide-Al -4 sheep and porcine insulin 

are biologically inactive.

Further analogues of the B-chain have been studied by Weitzel using 

conventional or solid phase methods to demonstrate the decrease of biological 

activity with shorter B-chain length, i.e.

22 27 30 Activity %

-Cys-Gly-G!u-Arg-GIy-Phe-Phe-Tyr-Thr-Pro-Lys-AIa 100

-Cys-Gly-GIu-Arg-Gly-Phe-Phe-Tyr-Ala TOO

-Cys-Gly-Glu-Arg-Gly-Phe-Phe-Ala 50

-Cys-GIy-G!u-Arg-Gly-Phe-AIa 30

-Cys-Gly-G!u-Arg-G!y-Ala 10

-Cys-Gly-GIu-Arg-Ala 10

-Cys-Gly-Glu-AIa <2

Complete synthesis whether by solution or solid phase synthesis is essentially 

laborious and it is inherently difficult to produce simple chemically modified 

analogues. Semisynthesis would therefore have marked advantages and this approach 

is that of the present work which will be discussed in detail in the next chapter.
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SEM1SYNTHESIS OF PROTEINS

The combination of natural and synthetic peptides would give rise to 

an alternative method of synthesis for the preparation of polypeptide and 

protein analogues. This type of semisynthetic approach would be ideal for 

convenient introduction of amino acid substitutions in enzymes or larger molecules 

in order to examine the molecular basis for biological action and possible 

indications of tertiary structure stabilization. Semisynthesis, widely employed 

in the preparation of natural products, has only recently been applied to peptide 

and enzyme research.

Several different semisynthetic approaches have been used in peptide 

synthesis. Single residues can be transformed by specific chemical reactions to 

yield modified analogues. Semisynthetic products have also been prepared by 

Joining naturally occurring and synthetic peptides by non-covalent interaction, 

by disulphide bridges and by the formation of new peptide bonds.

Residue modification or transformation

Semisynthesis in peptide chemistry may be accomplished, albeit certain 

limited conditions, by interconversion of residues in a naturally occurring poly­ 

peptide. The amide bonds are therefore neither formed nor broken.

Subtllisin was converted to thiol-subtilisin ' by reacting the 

N-terminal serine with phenylmethanesulphonyl fluoride followed by thlol acetate 

to give S-actyl-thiol-subtilisin; deacetylation yielded thiol-subtilisin, i.e. 

conversion of a serine protease to a cysteine protease. Similarly the N-term\al 

serine of adrenocorticotropic hormone was converted to glycine by oxidation with
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121 
periodate ion followed by reaction with copper glutamate at pH 6.7.

The residue modification technique is attractive because of the small 

number of reactions needed to produce the desired product but it Is equally 

evident that in proteins it may be impossible to separate well defined products.

Non-covalent Interactions

Combination of a naturally occurring and synthetic peptide has been used

to produce semisynthetic enzymes. Bovine pancreatic ribonuclease is cleaved by

122 
subtilisin to yield S-peptide, residues 1-20 and S-protein, residues 21-125.

After separation, the enzymatically inactive fragments can be recombined In 

equimolar proportions, without formation of a covalent bond, to give a product

with full ribonuclease activity. S-peptides and analogues have been synthesized

123
by two groups. Finn and Hofmann have reported the synthesis of 13 modified

S-peptide analogues in which either C- or N-terminal residues were deleated. 

The capacity, or lack of, these peptides to form an enzymatically active complex 

with S-protein suggested that residues 8-12, either form part of the catalytic site 

or allow some conformational change necessary for activity. HistidIne-12 was

shown to be part of the catalytic site by using the close isoster (3-(pyrazoyl-3)-

1 *)A 
alanine as a replacement and residues 2, 13-15 were important for binding.

Studies with proline containing analogues suggested that the first 12 residues of

125 
S-peptide were In helical form. This was later confirmed when the crystal

structure became known.

Monocovalent interactions of fragments of an extracellular nuclease from

127Staphylococcus aureus are being studied by Anfinsen. Trypsin cleaves this
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nuclease into three fragments: P., residues 1-5; P~, residues 6-47; P~, 

residues 48-149. P 9 and P« recombine to give the active enzyme. Synthetic
jL \J

P~ and P^ analogues have been prepared and tested for their-capacity to interact

128
with native P~ and regenerate enzymatic activity. Methionine-26 and -32 

o

were replaced with norleucine to give a fully active product. Glutamic acid-43 

was replaced with glutamine to give a very weakly active product which, however, 

binds P,,. The initial 12 residues of P^ can be delelted to give an active peptide, 

although shorter analogues lose both regenerative capacity and ability to bind 

toP3 .

The number of other proteins that will specifically reassociate after partial 

digestion is not known and thus this application of semisynthesis by non-covalent 

interactions may be quite limited.

Disulphide bond formation

Synthetic and naturally occurring polypeptides can be joined covalently 

by disulphide bridges to give semisynthetic products; all the studies have involved

insulin. Katsoyannis reported four semisynthetic insulins including one unnatural

' 129 
obtained by mixing synthetic and natural ovine and bovine A- and B-chains.

The Chinese group also prepared semisynthetic bovine insulin by combining

130 
synthetic B-chain and natural A-cha'n. Yields initially were only 5-10% but

the products had the same activity as natural insulin. With insulin A-chain tetra-

S-sulphonate as the nucleophilic partner in coupling a number of A-chain analogues

50 131 132 
extended at the N-terminus have been obtained. ' ' Synthetic insulins

58 
prepared using the solid phase technique were initially reported by Merrifield
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133 
and Zahn and such as been the development of this method that a great

variety of semisynthetic analogues have been produced, as previously mentioned 

mainly due to the work of Weitzel.

Using 'relays' derived from partial degradation of a protein

10.
Probably the first application of this idea was the preparation of [Lys ]-

1 *%A

human (3-meIanocyte stimulating hormone formed by reaction of a synthetic 

protected tetrapeptide azide with porcine (3-me!anocyte stimulating hormone 

(Figure 7). As the natural peptide contained two lysine residues and therefore 

three nucleophilic sites the coupling products were separated by virtue of the pK 

differences of the a- and e-!ysine residues by CM-celluIose chromatography.

Figure 7

1
Boc-Ala-Glu-Lys-Lys-N, 

I fl I 
OBu Boc Boc

+ H Q N-Asp

6 17 

Lys ... Lys. Asp

i) coupling, pyridine/water 1:1, 5 , 3 hr
ii) extraction, diethyl ether

iii) separation, CM-cellulose
iv) deblocking, formic acid, 25 , 2.5 hr

polyacylated, N-e-monoacylated, N-a-monoacylated products and 

unreacted starting material

A general procedure for producing suitably blocked peptides from naturally

135 
occurring peptides was suggested in 1968 by Backer and Offord, in which

blocked peptides were isolated from hen egg white lysozyme forlintermediates In 

peptide synthesis. For general application to peptide synthesis, peptides containinc
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free a-amino but blocked side chain amino groupsmust be obtained. Enzymafic 

cleavage of a protein with side chain protection yields peptides with free a-amino 

groups which can be protected with an independently removable protecting group 

or else left free for reaction. If the original N-terminal peptide contains lysine 

it cannot be selectively deprorected and can only be used for synthesis as an 

N-terminal peptide. However, in peptides containing blocked lysine residues, 

trypsin will only cleave at arginine. C-terminal carboxy groups must also be free 

but side chain (3- and ycarboxy groups must be protected, which is achieved by 

selectively employing trypsin to cleave a-carboxy esters. After enzymatic 

digestion of an amino-blocked protein with trypsin, the peptide products were 

isolated and completely esterified with phenyldiazomethane to benzyl esters. 

C-terminal (3-benzyl esters in each case were then preferentially split by trypsin 

acting as an esterase. Recoveries of histidine were low indicating possible 

imidazole alkylation by phenyldiazomethane. Blocking of other side chain 

functions other than amino or carboxy were not discussed extensively.

However, this method has great application in the field of semi-synthetic 

techniques. Modifications can be made to one protected fragment or a synthetic

fragment can be introduced and thus a wide variety of analogues can be prepared

1 ^^ 
by simple condensation steps. The method has been applied to lysozyme and

137 carboxy protection by 1 -diazo-2, 2-dimethy[propane has been introduced.

Offord has also Introduced a method for modifying a single chosen residue 

in a biological molecule which was applied to insulin. Reaction with phenyl- 

isothiocyanate under rnild conditions not only gave the tri-phenylthiocarbamoyl
^

derivative but also the mono- and di-derivatives. By separating the mono-
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phenylthiocarbamoyl form, mainly substituted on phenylaianine-81, from the 

others it was possible to obtain a molecule with two free amino groups instead 

of three. Trifluoroacetylation of these amino groups, subsequent cyclisation 

and removal of phenylrhiocarbamyl-phenylalanine gave des-phenylalanine-81- 

insulin with one free amino group. Coupling of various derivatives of phenyl- 

alanine, i.e. p-iodo-phenylalanine, at this position (B2) and deprotection of 

N-acyl protecting groups regenerates a molecule that has the same number of 

residues as native insulin but contains one specific modification.

Semisynthetic studies on insulin: previous work

During the course of this work two reports were published which concerned 

the work being undertaken in this thesis and these will be discussed in depth here.

In 1972 Ruttenberg gave brief details of a method for converting porcine

138 
insulin into human insulin, i.e. a route converting easily available insulin

into the human sequence much needed in the treatment of diabetes. The procedure 

required complete esterification of porcine insulin with diazomethane, cleavage 

of the B-chain C-termina! octapeptide with trypsin, protection of a-amino groups 

with t-butoxycarbonyl azide, coupling a synthetic protected C-terminal human 

octapeptide, amino group deprotection and finally, saponification of the ester 

protecting groups. After purification, it was quoted that a typical experiment 

yielded a total of 2.7 g material starting from 4.0 g porcine insulin and this material 

had the correct amino acid analysis, biological activity and chromatographic 

properties associated with human insulin.

However, in many regions of this paper the experimental details are vague
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and uncertain; the methods used in esterification with diazomethane and alkaline

139 
deprotection were those of Chibnall and these are extremely limited to be of

any use. Other practical description is weakly presented or absent.

Obviously with the large possibility of side reactions any independent 

repitition of this procedure is virtually impossible.

Using methods similar to Ruttenberg, the Shanghai group have investigated

140 141 
the C-terminal sequence of the B-chain with respect to insulin activity. '

Des-octapeptide insulin was obtained from tryptic digestion of natural insulin and 

coupled with synthetic C-terminal octapeptide to regenerate insulin with high 

activity after further purification.

Des-hexapeptide insulin was obtained when glycyl-phenylalanine was 

condensed with des-octapeptide insulin to give an analogue with a specific activity 

of 25-30% suggesting that residues B23-24 are essential for activity. Other des- 

hexapeptide analogues have been prepared by replacing g!ycine-B23 by hydrophobic 

amino acids; alanine, valine and phenylalanine derivatives were inactive while 

asparagine and serine derivatives showed slight activity. Interestingly enough 

replacement using .Q-amino acids gave active products. .D-alanine and D-valine 

analogues had 5-10% activity while ^-phenylalanine and D-serine analogues were 

5% and 2% active respectively.

Des-hexapeptide analogues in which phenylalanine-B24 was replaced by 

arginine, serine and glutamic acid were all inactive. B24 replaced by tyrosine 

or benzyiamine analogues were about 2% active. Des-octapeptide-glycylglycyl- 

phenylalanine insulin was 2% active but replacement of L~phenylalanine by D-
t,

phenylalanine gave a completely inactive analogue. These results seem to suggest
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that an aromatic residue at B24 or B25 is essential for activity. Results however 

were based on analysis of crude products.

Outline of project; concurrent work

The problems associated with the design of analogues of biologically active 

peptides and proteins and their relationship to structure-activity studies has been 

the principle concern of peptide synthesis. Although the majority of the work has 

resulted from experimentation with the chemical modification of the side chains of 

amino acids, it is extremely difficult, if not impossible, to predict the nature and 

extent of these modifications with any certainty as has just been demonstrated in 

the case of insulin. In contrast, the scope of semisynthetic studies allows either 

by the use of tryptic peptides or synthetic analogues the introduction of specific 

modifications into biologically active species such as hormones or enzymes.

The object of this thesis is to apply the role of semisynthetic methodology 

to the case of insulin. The problem is applicable in that tryptic digestion of the 

hormone removes the C-terminal B-chain ocfapeptide and hence the replacement 

of this octapeptide with initially natural and synthetic analogues will provide 

valuable insight info the octapeptide function in the monomer, dimer and hexamer. 

The possibility of preparing human insulin from readily available porcine insulin 

would be of great commercial interest. Thus this thesis investigates the problems 

of synthesising suitably protected peptide fragments for coupling onto a suitable 

precursor in the form of a protected des-octapeptide-insulin.

This latter objective, the study of a suitable precursor, is being currently 

extensively studied in the Department of Molecular Biophysics, University of
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Oxford by Drs. R. E. Offord and H. T. Storey. Their approach and a summary 

of the possible routes to obtain suitable precursors can now be discussed before 

the actual work undertaken for this thesis.

The basic requirements for the semi-synthesis of insulin are for reversible 

amino protection (two a-amino, one e-amino), reversible carboxy group protection 

(four ycarboxy, two a-carboxy), reversible protection of the imidazole groups 

of the two histidine residues and a viable tryptic cleavage between arginine-B22 

and g!ycine-B23. The three amino groups in the molecule may be successfully 

protected as the t-butoxycarbonyl (Boc) or benzyloxycarbonyl (Z) derivatives but 

only the former protecting group may be removed with little or no damage to the 

rest of hormone molecule. If the t-butoxycarbonyl group is removed by the action 

'of hydrogen bromide in trifluoroacetic acid then a scavenger of anisole must be 

used if biological activity is to be retained. The two imidazole groups can be 

reversibly protected as the 2,2,2-trifluoro-N-t-butoxycarbonylaminoethyl
1 q / -i i o

(Boc TF) ' derivatives but the insolubility of the product in aqueous or 8M 

urea media makes quantitation of this step impossible. It is also possible to protect 

both the imidazole groups and the free amino groups as the BocTF protected 

derivatives but some slight denaturation is suggested as the deprotected insulin
1 i q

from this method is not quite so readily crystallised by the Schlichtkrull method 

as are insulins derived by deprotection of Boc. protected- or Boc. and BocTF. 

protected - insu I ins.

The most difficult problem has been the choice of suitable reversible 

carboxy protection. The criterion initially applied for successful protection and
\

deprotection of sites in the insulin molecule is that of crystal Usability under the
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Schlichtkrull conditions. Of the routes under consideration, see Figure 8, in 

assessing protecting groups, various synthetic pathways allow removal of the 

C-termina! octapeptide after complete protection. Whereas the other synthetic 

pathways involve earlier cleavage of the peptide chain to enable any advantage 

of slight improvement of physical characteristics (such as solubility in semi

aqueous media) to be taken. 1-Diazo-2,2-dimethylpropane was employed to

137
produce, after a rearrangement, the t-amyl esters of the insulin carboxy

groups. However the presence of a small proportion of neopentyl esters produced 

by the reagent prior to the rearrangement may have accounted for the very poor

yields of insulin after "deprotection" with trifluoroacetic acid. Use of the

144 
benzhydryl protection group was then investigated after a successful preparation

145 
of the benzhydryl diazoalkane. The low reactivity of the reagent led to long

reaction times (overnight with no pH control) and the excess reagent was readily 

decomposed at the end of the reaction at pH 4. The protecting group could be 

easily removed by the action of trifluoroacetic acid at room temperature for 

40 minutes and the insulin regenerated was found to give some small crystals under 

the Schlichtkrull conditions. A scavenger of anisole was thought to be beneficial. 

Great difficulty was experienced in attempts to digest the fully protected insulin 

derivative with trypsin as the compound was only marginally soluble in dimethyl- 

formamide/water mixtures in which the activity of trypsin is severely diminished. 

Acetyl-arginlne benzhydryl ester was adequately cleaved by trypsin so that the 

steric effect of the ester was ruled out as the cause of failure in digestion.

Experiments on the tryptic cleavage of benzoylarginine ethyl ester in hydrazine
^ 

acetate buffers have shown that up to 40% of the product has a hydrazide group
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incorporated. Synthetic routes were designed to make use of this reaction but 

after considerable work it was found that denaturation of the protein in the 

presence of hydrazine acetate buffers could not be prevented. The use of methyl 

esters of insulin was met with difficulty in finding conditions for removal of the 

groups which not also give rise to denaturation of the protein. Only partial 

success was achieved after considerable work.

Favourable results were achieved in the use of p-methoxyphenyl (anlsyl) 

esters which are susceptible to cleavage under the action of trifiuoroacetic 

acid. The solubility of these esters in dime thy I formamide/ water mixtures is more 

favourable than that of the benzhydryl esters and some pilot digestions of the 

protected insulin with trypsin have met with success. Deprotection of Boc and 

BocTF protected-anisyl Insulin with trifiuoroacetic acid and subsequent 

crystallisation has given good crops of crystals and the use of this ester Is thus 

regarded as the most favourable route at the moment,

Peptlde Synthesis

The major strategies of peptide synthesis, stepwise elongation from the

C-terminal amino acid or fragment condensation, have been demonstrated with

co 52-4 
the solid-phase and classical syntheses of insulin. The scope and

application of these and many other methods have been extensively, critically

147 
and constantly reviewed. In view of the success of Young's picolyl ester

method In the synthesis of analogues of bradykinin incorporating both the
f

advantages of solid and solution methods, it was decided to approach the synthetic 

problems using this method of repetitive synthesis.
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The Picolyl Ester Method

148 
This procedure was introduced by Gamble, Garner and Young in 1967

and combined important advantages in that peptide formation could proceed in 

homogeneous solution and then the product could be separated from co-products 

and excess of reagents,by the use of a basic "handle" built into one of the 

components of the peptide fragment. The advantages over solid-phase synthesis 

were essentially the mild conditions employed, enabling the progress of the 

reaction to be followed and establishing its completion; yet because of its 

homogeneous nature it held the inherent ability of characterisation and possible 

purification of each intermediate.

The protection of the C-terminoi c^.-^.xy group is probably the most

suitaole position for such a "handle" although the imidazole group of histidine

149
has also been used. A basic "handle" is most appropriate for carboxy protection

since any components or contaminants would be acidic and simple separation would 

ensue; any product could be liberated as a free base under mild conditions and 

transferred into an organic solvent. The use of 4-picoIyl esters (1) for carboxy

protection was studied and found extremely satisfactory ' ' and recently

152
they have been used for e-amino protection. Analogous use of p-dimethyl-

153
amino-azobenzyl esters (2) have been examined, the coloured coupled product

being absorbed on Sulphoethyl-Sephadex; the tripeptide ^-prolyl-L-alanyl-L-

phenylalanine was prepared although no further work has been reported. The use

154 
of the "handle" principle has been extended to polynucleotide synthesis by Hata.

Recently Macrae and Young have used amino acid 4-picolyloxycarbonyl

^

hydrazides (3) in syntheses in which hydrogenolysis gives the hydrazide and this
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can be coupled via the azide procedure.

rNR.CO.OChUf )N R.CO.OCH2/( j >— N=N
\ — / X^-^y

(1) (2)

R.CO.NHNHCO.OCH 

(3)

4-PicolyI esters were originally prepared by reaction of a benzyloxy- 

carbonylamino acid tetramethylguanidinium salt (or triethylammonium salt) with 

4-picoly! chloride but increased yields are obtained by the condensation of 

benzyloxycarbonylamino or t-butoxycarbonyl amino acids with 4-picolyl alcohol 

at-5 -0 with dicyclohexylcarbodi-imide in dichloromethane. in comparison 

to benzyl esters, they are relatively stable to acid probably because of protonation 

of the pyridyl nitrogen hinders further proton attack, i.e. after 24 hours in 45% 

(w/v) hydrogen bromide in acetic acid at room temperature, benzyloxycarbonyl- 

glycine 4-picolyl ester gave only 4-picolyl ester dihydrobromlde, and no glycine 

could be detected. The benzyloxycarbonyl group can thus be selectively removed 

in the presence of the 4-picolyl ester and this is the usual procedure for the 

preparation of amino acid 4-picolyl esters as dihydrobromides. The majority of 

these are reasonably stable when pure but a small number are hydroscopic. The 

acylamino acid 4-picolyl esters and amino acid 4-picolyl ester salts prepared so 

far have been tabulated. A new direct route involving temporary protection
^

158 
of the amino group with ethyl acetoacetate has been suggested by Maclaren.



36

4-PicoIyl esters may be readily cleaved by cold alkali, by hydrogenafion 

in the presence of palladium on charcoal, by sodium in liquid ammonia, and by

electrolytic reduction at a mercury cathode under similar mild conditions used

159 
for the electrolytic removal of the nitrogroup from nitroarginine and its peptides.

In contrast, benzyl esters are not cleaved by electrolytic reduction. The main 

product of hydrogenolysis of the 4-picoly! residue appears to be 4-methyI- 

piperidine, although 4-methyl-pyridine has also been detected. ' The 

action of anhydrous hydrogen fluoride on benzyloxycarbonylglycyl-L-phenylalanlne 

4-picoiy! ester produced only partial cleavage of the 4-picoIyI ester group after 

one hour at room temperature.

The initial synthesis was of the model peptide used in the initial solid
CO

phase development, ^-leucyl-^-alanylglycyl-^-valine, and this was reported 

in 61 and 65% overall yield with regard to the protected peptide. ' The 

separation of the protected picolyl ester was effected by absorption on Sulphoethyl- 

Sephadex C-25 (H form) and this required the use of water-miscible solvents. It 

was found that, as expected, the H form of the ionic resin decomposed t-butoxy- 

carbonyl groups, but by the saturation of the resin with a very weak base, 

3-bromopyrid!ne (pK 2.8), which is displaced by the picolyl ester, this was

overcome. ' Obviously the acidic phase in which the weakly basic product

.5 
Is separated can be in the form of an acidic solution. In the synthesis of Val -

angiotensin 1! (4), ' ' the product of each coupling reaction was extracted

Z-Asp-Arg-Val-Tyr-Val-His-Pro-Phe-OPic 

Bzl NO2 Bzl Bzl

(4)
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from an organic solvent into aqueous citric acid (avoiding cleavage of t-butoxy- 

carbonyl groups), except in the last stage where the benzyloxycarbonyfocta- 

peptide 4-picolyi ester was insoluble in aqueous citric acid, and it was separaied 

on Sulphoethyl-Sephadex saturated with 3-bromopyridine. The overall yield of 

the analytically pure protected octapeptide 4-picoIyl ester from its C-terminal 

component was 38%.

As the peptide increases in size the effectiveness of the pico'yl group in 

separation might decrease and the incorporation of additional picolyl groups 

would be of great advantage. In the synthesis of Val -angiotensin !! (5), 

incorporation of the terminal aspartic acid residue as 2,4,5-trichlorophenyI 

(3-4-picolyl benzyloxycarbonyi-L-aspartate gave a derivative soluble in aqueous 

citric acid.

Z-Asp-Arg-Val-Tyr-Val-His-Pro-Phe-OPic
II I I 
OPic NO2 Bzl Bzl

(5)

The genera! procedure was then applied to the synthesis of bradykinin 

and its analogues. ' The disadvantage with this present method is that only 

aqueous solutions could be used, to swell the Sulphoethyl-Sephadex, and this 

restricted solvents to only water-miscible ones. After elution, the solvent and 

base must be evaporated and damage could occur. In the synthesis of the highly

Ilpophilic fragment, t-butoxycarbonyl-O-benzyl-L-seryl-S-benzyithiomethyl-L-

' 166 
cysteinylglycyl-L-phenylalanine 4-picolyl ester (6), partition between ethyl

Boc-Ser-Cys-Gly-Phe-OPic
I I
Bzl Btm



38

acetate and aqueous citric acid was unobtainable, and aqueous potassium 

hydrogen sulphate was no more effective. The macroreticular sulphonic acid 

resin Arnber!ysf-15 was found extremely suitable. ' Similarly with acid- 

labile protecting groups the resin is first saturated with 3-bromopyridine and this 

method has been extensively used in recent syntheses of bradykinin. '
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DESCRIPTIVE

The Synthetic Approach

The initial objective was to examine a route to produce a suitable 

protected insulin C-terminal B-chain octapeptide (7) that would meet the

23 24 25 26 27 28 29 30 

H-GIy-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OH (7)

requirements defined in the preparation of the protected des-octapeptide-insulin, 

as outlined in the previous chapter. The intended use of acid-labile protecting 

groups such as t-butoxycarbony! and benzhydryl esters for the final protected 

fragment imposed severe limitations on synthesising the protected octapeptide 

directly. Thus the synthesis was divided into two parts. The preparation of a
6?H

fully protected octapeptide by convential strategy and then the production of the
l^->

required semi-protected peptide containing acid-labile protecting groups by

deprotection and reprotection steps.

148 
The 4-picolyI ester method was adopted for this synthesis. 4-Picolyl

esters are stable to 45% (w/v) hydrogen bromide in acetic acid at room temperature 

and so may be used in conjunction with the benzyloxycarbonyl group. However, 

the t-butoxycarbony I group was thought to be preferable for cramino protection 

because of the milder conditions used in its removal, and it was decided to 

incorporate the majority of the amino acid residues except the ultimate glycine as 

their t-butoxycarbony I derivatives.

The piperidino-oxycarbonyl group was used to protect the e-amino of 

lysine. It had been previously incorporated as its a-benzyloxycarbonyl derivative 

but problems associated with the deprotection of this derivative led to the preparation 

of a-t-butoxycarbonyl-e-piperidino-oxycarbonyl-L-lysine.
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The protection of the alcoholic hydroxyl group of threonme and the 

phenolic hydroxyl of tyrosine was considered essential to prevent any O-acylotion 

occurring during the coupling reactions. The most successful method of protection, 

in conjunction with the piperidino-oxycarbonyl and 4-picolyi ester functions, was 

the use of benzyl ethers which could also be smoothly removed by hydrogenolysis.

At the start of the synthesis the combination of N, N'-dicyclohexylcarbodi- 

imide and 1-hydroxybenzotriazole for coupling reactions had been found 

extremely advantageous with regard to speed, simplicity of use and above all, free 

from any racemisation. Thus, the majority of couplings have been performed by 

this method.

The first goal of the synthesis was the preparation of the protected natural 

insulin C-terminal B-chain octapeptide (8).

23 24 25 26 27 28 29 30

Z-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-AIa-OPic (8)

Bzl Bzl Pipoc

The protection was designed such that in a series of simple deprotection-
t

reprotection steps it would be possible to produce a semi-protected octapeptide 

containing only e-amino and carboxy protection. This peptide, containing only 

acid-labile groups, could then be coupled to the protected des-octapeptide-insulin 

bearing similar acid-labile groups. Thus in one mild acidic treatment of the fully 

prepared protected insulin - two a-amino, one e-amino, two a-carboxy, four 

y-carboxy and two imidazole groups protected - the required completely deprotected 

insulin would result. A semi-protected peptide of the form (9) where X and Y are

^

acid-labile was required.
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H-GIy-Phe-Phe-Tyr-Thr-Pro-Lys-A!a-OY (9)

X

The e-amino group of lysine could be easily reprotected by t-butoxycarboriy I. 

The e-piperidino-oxycarbonyl group can be removed by treatment with sodium 

dithionlte in 50% aqueous acetic acid. The choice of carboxy protection, 

however, was not so clearly defined and was the most difficult problem encountered

in the overall synthesis. The approach to this problem has been outlined in the

137 
previous chapter. Initially it was planned to incorporate the t-amyl group for

reversible carboxy protection but poor results were obtained. The use of the analogous 

benzhydryl ester was thought to offer the most advantages and studies have been

carried out with this group. Recent studies at the end of the synthesis suggest that

1 ^6 
p-methoxyphenyl (anisyl) esters have solubility advantages over benzhydryl esters

and future work will explore this possibility.

Thus the object of the thesis was extended to product the semi-protected 

peptide (10) suitable for coupling directly to protected des-octapeptide insulin.

H-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-AIa-OCHPh2 (10)

Boc

From the X-ray crystal structure, It is found that there is a two-fold '

13
relationship between the molecules in the dlmer. This means that the extended

C-terminal residues are antiparallel to each other and thus an antlparallel p-pleated 

sheet structure containing four hydrogen bonds is formed between the monomers. 

Two of these hydrogen bonds are between the peptides of B24 of one monomer and

B26 of the two-fold related monomer; the other two are between their equivalents
*,

across the local axis, figure 9. There are hydrophobic contacts along the local



Figure 9
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axis involving the equivalent valines-B12, phenyiaIanines-B24 and -B25. The 

two phenylaIan"nes-B24 and -B25 are formed together on the surface and partly 

cover the hydrogen bonds of the (3-pleated sheet possibly reinforcing their 

structural roie. Tyrosine-B16 closely approaches iyrosine-B26 and valme-B12. 

The majority of these residues that are involved in secondary structure contacts, 

either in a-helix or (3-pIeaied sheet developed between the monomers, belong to 

the C-terminal B-chain octapeptide. There is considerable evidence for the 

structure of the dimer in the crystal to be the same in solution and therefore 

preparation of insulin analogues involving the replacement or modification of 

pheny!a!anines-B24 and -B25 would be of great importance in studying the hydrogen 

bonding system in the dimer and its relationship to the activity of the hormone.

The role of whole side chains, both chemically functional and non-functionai, 

can be examined by their omission. Replacement by glycine is equivalent to 

elimination of the whole side chain but because its steric properties are so different 

from those of all other amino acids, the use of alanine, replacing all beyond the 

P~carbon atom is more satisfactory. This was expected to give a better approximation 

to the original peptide backbone conformation.

The systematic approaches of Weitzel, in introducing alanine into the 

A- and B-chains of insulin, and that of the Chinese group ' have already 

been discussed. It appears as though the aromatic residues, pheny!alanine-B24 and 

-B25 and ryrosine-326 are essential for activity. It was decided to prepare a series 

of protected L-alanine octapeptide analogues that could be converted to similarly

semi-pro tec ted peptides, suitable for direct coupling to protected des-octapeptide-
* 

insulin, as the natural peptide (10). The following models were thought suitable.
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Z-GIy-Phe-A!a-Tyr-Thr-Pro-Lys-Ala-OPic (11)

Bzi Bzl Pipoc

Z-G!y-Ala-Phe-Tyr-Thr-Pro-Lys-Ala-OPic (12)
III 
Bzl Bzl Pipoc

and Z-Gly-Ala-Ala-Tyr-Thr-Pro-Lys-Ala-OPic (13)

Bzl Bzl Pipoc

These could be prepared in a manner analogous to that of the protected natural 

octapeptide (8) by the 4-picolyl ester method.

Replacement of one side chain by another may have steric consequences - 

a change in conformation or conformational freedom of the peptide molecule or 

an alteration in the topography of the molecular surface - but also results which 

are chemically functional in the broadest sense. The role of functionality must be 

extended not only to describe reactivity but encompass charge, hydrogen-bond ing 

capacity and lipophilic or hydrophilic nature.

In an attempt to relate biological results in terms of the hydrogen-bonded 

nature of the dimer, modifications to the peptide backbone involving substitution 

on the imino nitrogen were considered. N-Methylation of the amide bonds would 

reduce the hydrogen-bonding capacity of the monomer and the possibility of dimer 

formation in ;he absence of any C-terminal B-chain hydrogen-bonding is uncertain. 

If dimer formation is impossible then the interesting question is raised as to whether 

the acrive species in solution is the monomer or dimer. The replacement of phenyl- 

a!anines-B24 and -B25 by N_-methyI-L-phenylalanine gave rise to the following 

planned protected octapeptides.

Z-Gly-Phe-MePhe-Tyr-Tnr-Pro-Lys-Ala-OPic (14)

Bzl Bzl Pipoc



44

Z-Gly-MePhe-Phe-Tyr-Thr-Pro-Lys-Ala-OPic (15)

Bzi Bz! Pipoc

and Z-Gly-MePhe-MePhe-Tyr-Thr-Pro-Lys-AIa-OPic (16)

Bzi Bzi Pipoc

The use of truncated sequences has played an important role in determining 

sites of critical residues in hormones. This has been applied to insulin in several 

cases previously reported. In sequences without the multi-functional lysine 

residue the strategy of the synthesis can be altered and as a consequence the 

utilisation of the 2-(p-biphenylyl)-isopropyI-oxycarbonyl group with the 4-picolyI 

ester method was investigated to prepare the following protected tetra- and hexa-
,-*"

^'e /

peptides.

Bpoc-Gly-Phe-Phe-Tyr-OPic (17)

Bzi

and Bpoc-Gly-Phe-Phe-Tyr-Thr-Pro-OPic (18)

Bzi Bzi

The tetrapeptide (17) contains just those aromatic residues thought to be necessary 

for activity. While the hexapeptia'e (18) would serve as a suitable model for the 

introduction of labelled and fluorescent probes, and heavy atom derivatives by 

coupling suitable adducts onto the terminal proline residue.

A close examination of the hydrogen-bonded region of the C-termina! 

B-chain octapeptide in the dimer model (Oxford Enzyme Group) revealed a closely 

bonded moiety. It was thought possible that a suitable cyclic peptide could be 

prepared in which the aromatic region was stabilised by intramolecular hydrogen- 

bonding. The use of prepared protected peptides such as (18) seemed to facilitate
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the synthesis of a model such as (19).

Gly-Phe-Phe-Tyr-Thr-Pro

I j 09) 
Pro-Thr-Tyr-Phe-Phe-Gly

The Preparation of Lysine Derivatives

The piperidino-oxycarbonyi group was first proposed for a- and e-amino 

group protection by Stevenson. Two routes for the preparation of a-benzyl- 

oxycarbonyl-e-piperidino-oxycarbonyl-L-lysine were described. a-Benzyloxy-
r

carbonyl-^-Iysine was reacted with either piperidino succinimdo carbonate or 

piperidino 2,4,5-trichIorophenyl carbonate; the former method was preferred 

because it gave the easily separable, water soluble co-product, N-hydroxy- 

succinimide, whereas the 2,4,5-trichlorophenol derived from the latter method 

proved difficult to remove from the desired product. Nash experienced difficulty

in following the proposed method and was unable to prepare the unstable succinimido

173
chloroformate in goocLyield. However, following the eventual preparation of

a-benzyloxycarbonyl-e-piperidino-oxycarbonyl-.L-lysine, from piperidino 2,4,5- 

trichlorophenyl carbonate, the dipeptide (20) was prepared. Subsequent removal

Z-Lys——Asp-OPic (20) 

Pipoc OPic

of the benzyloxycarbony! group, by treatment with hydrogen bromide in acetic acid, 

and coupling of the liberated amino component to a-t-butoxycarbonylglycine with 

N, N'-dicycIohexylcarbodi-imide followed by citric acid isolation, gave rise to a
A

very impure tripeptide which could only be purified by preparative-layer chromato-
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graphy. The impurities appeared to arise at the deprotection step.

It was thought necessary therefore to prepare a-t-butoxycarbonyl-e- 

piperidino-oxycarbonyl-L-lysine and use this derivative in the.projected synthesis 

in view of the milder acidic conditions employed for the removal of the t-butoxy- 

carbonyl group.

Nash had proposed a route, Figure 10, utilising plperidino 2,4,5-trichloro-

173
phenol carbonate and containing the least number of untried stages. This was

the situation at the beginning of the present work.

Z-Lys-OH —————— Z-Lys-OH
I 
Pipoc

H-Lys-OH —————— Boc-Lys-OH 

Pipoc Pipoc

(i) Piperidino-2,4,5-trIchIorophenyl carbonate/1,1,3,3-tetramethyl- 

guanidine, (ii) HBr/HAc, (iii) Boc azide.

Figure 10

However, the author found that it was not possible to obtain satisfactory yields In 

all the reaction steps and indeed Nash had experienced isolation problems. 

a-Benzyloxycarbonyl-e-piperidino-oxycarbonyl-^-lysine was prepared by reaction 

of a-benzyloxycarbonyl-L-lysine with piperidino 2,4,5-trichIoropheny! carbonate in 

the presence of 1,1,3,3-tetramethylguanidine as base, to give a chromatographically 

pure product. However, using the standard conditions for the removal of the benzyl-
«

oxycarbonyl group, namely treatment with 45% (w/v) hydrogen bromide in acetic
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acid for one hour at room temperature, a minor contaminant thought to be ^-iysine 

was indicated by thin layer chroma tog raphy. This did not initially appear to have 

arisen from the starting material, suggesting that there was some loss of the 

piperidino-oxycarbonyl group during the acid treatment. This might have explained 

the impurities found on treating the dipeptide (20) with hydrogen bromide in acetic 

acid. Nash purified his material by virtue of the solubility differences between 

e-piperidino-oxycarbonyl-L-lysine and L-lysine. The impure material being 

dissolved in a small volume of water, taken to pH 7.0 with sodium hydroxide (4.0^), 

the white precipitate formed being washed with ethyl acetate and reacted for twenty 

four hours at pH 9.5 with t-butoxycarbonyl azide. crButoxycarbonyl-e-piperidino- 

oxycarbonyl-L-lysine was obtained as an analytically pure foam and isolated as its 

cyclohexylammonium salt in 51% yield.

A close examination of the reaction pathway revealed that in the preparation

174 
of a-benzyloxycarbonyl-L-lysine by Bevas and Zervas, reaction of benzyl

chloroformate with L-lysine via the e-benzylidene intermediate, a minor amount 

of L-lysine and e-benzyloxycarbony I-L-lysine was detected. Recrystallisation 

could not remove these impurities and it was thought that the benzylidene derivative 

was too acid labile. These observations were also reported by Benoifein who 

claimed that the impurities could be removed by passage of the reaction solution 

down a lithium hydroxide (0.1M) buffered cupric carbonate-alumina column. 

However, only low yields were obtained and the product was heavily contaminated 

with salts.

In view of these difficulties two other possible routes were considered. 

Figures 11 and 12.
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H-Lys-OH —————>- H-Lys-OH ———— Boc-Lys-OH

(''), (i'O L L.Pipoc Pipoc

(i) CuCCL, Cu(OHL, (ii) Piperidino 2,4,5-trichIorophenyl carbonate/1,1,3,3- 

tetramethylguanidine, (iii) H^S, (iv) Boc azide.

Figure 11

H-Lys-OH ———^——— H-Lys-OH ———^——- Boc-Lys-OH

Z Z

Boc-Lys-OH ——^——— Boc-Lys-OH

Pipoc

(i) CuCO3/ Cu(OH)2, Z-CI, EDTVH2S, (ii) Boc azide, (iii) H 2/Pd,

(iv) Piperidino 2,4,5-trichIorophenyI carbonate/1,1,3,3-tetramethylguanidine.

Figure 12

The route in figure 11 appeared to be straightforward but discouraging results 

were obtained when trying this method. Possible impurities were L-Iysine and 

e-piperidino-oxycarbony!-L-lysine with the resulting purification difficulties. This 

problem was also found In the analogous preparation of a-t-buroxycarbonyl-e- 

piperidino-oxycarbonyl-L-ornithine. The route shown in Figure 12 did seem 

encouraging and preliminary studies confirmed this.

e-Benzy!oxycarbony!-L-lysine was prepared via its copper complex. 

Benzyl chloroformate was reacted with the lysine-copper complex and the cupric ion
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was removed with repeated extraction with ethylenediamine tetra-acetic acid 

disodium salt followed by hydrogen sulphide. The product v/as recrystallised from 

30% aqueous acetic acid to give e-benzy!oxycarbonyl-L-lysine in 55% yield and 

m.p. 246-8° [lit. 176 m.p. ca. 235°].

e-Benzyloxycarbonyl-L-lysine was treated with t-butoxycarbony! azide 

following the procedure of Schnabel to give crt-butoxycarbonyl-e-piperidino- 

oxycarbonyl-^-Iysine as a chromatographically pure oil with correct n.m.r. spectrum 

in 91% yield. Schnabel reported a 62% yield.

Hydrogenation of the above material in 80% aqueous ethanol with 5% 

palladium on charcoal gave a-t-butoxycarbonyl-L-lysine in 83.2% yield as a
r\-i

chromatographically pure white solid of m.p. 205-7 , Ea!L -9.24 (c 1.13 in 

HAc) [lit. 178 m.p. 204-5°, [aJ 1 -10.7° (c 0.85 in HAc)].

2,4, 5-TrichIorophenol was converted to its chloroformate by the method 

suggested by Morley in 96% yield with m.p. 61.5-63.5 . Morley obtained 

material of m.p. 62-3 in 60% yield after distillation. The chloroformate was 

directly converted into piperidino 2,4,5-trichlorophenyl carbonate by an adaptation 

of the method of Stevenson in 93% yield with m.p. 94-7 . Stevenson obtained 

a 60% yield after recrystallisation from ethyl acetate-petroleum ether with 

m.p. 97-8°.

a-t-Butoxycarbonyl-e-piperidino-oxycarbonyl-L-Iysine was prepared by 

reaction of a-t-butoxycarbonyl-L-lysine with piperidino 2,4,5-trichlorophenyl 

carbonate in the presence of 1 , 1 ,3,3-tetramethylguanidine as base. The product

was isolated as its dicyclohexylammonium salt and was re crystallised from propan-

o * 
2-ol in 68% yield with m.p. 135-6 and satisfactory n.m.r. spectrum and elemental

analysis. [a° +8.3° (c 1 .07 In MeOH).
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The Protected Natura! Octapeptide

h 
The synthetic route pf the protected natural C-terminal B-chain octapeptide

is summarised in Figure 13.

Initially the 4-picolyl derivative of the C-termlna! amino acid, namely 

L-alanine 4-picolyl ester dihydrobromide, was prepared by the method of Gamer.

a-Benzyloxycarbonyl-^-alanine 4-picolyl ester, previously prepared by the reaction 

of a-benzyloxycarbonyl-L-alanine and 4-pyridy!methanol at 0 with N, N'-dicycIo- 

hexylcarbodi-imide in dichloromethane, was treated with 45% (w/v) hydrogen 

bromide In acetic acid for one hour at room temperature. The product was 

precipitated with diethyl ether, repeatedly washed and recrystallised from aqueous

acetone to give .L-alanine 4-picolyl ester dihydrobromide in 96.5% yield as white

on
crystals of m. p. 165-7 , LctL +2.03 (c 1 in DMF), chromatographically pure with 

satisfactory elemental analysis and n.m.r. spectrum.

The dipeptide a-t-butoxycarbonyl-e-piperidino-oxycarbonyl-L-Iysyl-L- 

alanine 4-picolyl ester (21) was prepared by coupling L-alanine 4-picoly! ester 

dihydrobromide and,a-*t-butoxycarbonyl-e-piperidino-oxycarbonyl-L-lysine. The 

N, N'-dicyclohexylcarbodi-imide — l-hydroxybenzotriazole method of K6nig and 

Gefger was used; in fact this method was adopted for all coupling reactions in 

the protected octapeptide synthesis. Two approaches are suggested: in the first 

all the components required to generate the activated carboxy component are mixed 

with the amino component in one flask - the 'eintopf procedure; in the second 

method the acylating components, i.e. N,N l -dicycIohexylcarbodi-imide, 1-hydroxy- 

benzotriazole and the acylating amino acid are stirred in the reaction solvent and
A

the resulting mixture added to the amino component after activation. This second
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approach was adopted; the pre-activation period was usually thirty minutes to 

one hour at 0 and a similar period at room temperature. The recommended 

solvents for this coupling method were tetrahydrofuran and dimethyiformamide, in 

which 1-hydroxybenzotriazole was soluble. The former was preferred being more 

volatile and it did not interfere with thin layer chromatography as dimethyiformamide 

tended to do.

L-AIanine 4-picolyI ester was liberated from its dlhydrobromide salt by 

dissolving the latter in tetrahydrofuran at 0 with the addition of N, N-di-isopropyl- 

ethylamine. The acylating mixture (1.2 equivalents) was prepared by stirring a-t- 

butoxycarbonyl-e-piperidino-oxycarbonyl-L-Iysine, N, N'-dicyclohexylcarbodi- 

imide and 1-hydroxybenzotriazole for one hour at 0 and another hour at room 

temperature and was immediately added to the amino component.

In the preparation of di- and tripeptides the prolonged use of a base such 

as triethylamine may lead to racemisation and if dioxopiperazine formation is an

important side reaction then the use of a sterically hindered amine, N,N-di-iso-

172
propylethylamine was thought advantageous. Triethylamine has been used for

latter coupling reactions.

Thin layer chromatography indicated that the reaction was complete after 

three hours stirring. The peptide was isolated by extraction into citric acid (0.7M) 

from ethyl acetate-die thy I ether (1:1) followed by neutralisation of the aqueous 

fraction and re-extraction of the peptide into ethyl acetate. Evaporation gave the 

protected dipeptide (21) in 95. 4% yield as a chromatographically and analytically 

pure white foam with satisfactory amino acid analysis and n.m.r. spectrum.

The experimental results and physical constants for this and all the protected
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natural peptides up to the octapeptide are given for comparison in Figure 14 and 

amino acid analyses in Figure 15 respectively. A complete genera! description 

of the deprotection, coupling and isolation procedures is given .at the beginning 

of the experimental section.

Amino 
acid

Compound I Ala Lys Pro Thr Tyr Phe Gly

21 1.00 1.00

22 1.00 1.03 1.02

23 1.00 1.04 0.99 0.99
.s*/'

24 1.00 1.04 1-00 0.99 0.99

25 1.00 0.98 1.00 0.97 0.95 1.02

26 1.00 1.03 0.99 0.92 0.94 2.09

8 1.00 1.01 0.99 0.90 0.96 1.95 1.01

Amino acid analyses of the natural octapeptide intermediates

Figure 15

The conditions for the coupling of a-t-butoxycarbonyl-.y-proline and 

e-piperidino-oxycarbonyl-L-lysyl-L-alanine 4-picolyl ester and the isolation of 

the subsequent tripeptide were very similar to those of the dipeptide which has [ust 

been described. The preparation of e-piperidino-oxycarbonyl-L-lysyl-L-alanine 

4-picolyl ester from the protected dipeptide (21) was affected by excess trifluoro- 

acetic acid at 0 for thirty minutes.



S
yn

th
es

is
 o

f 
th

e 
pr

ot
ec

te
d 

na
tu

ra
l 

oc
ta

pe
pt

id
e

Fo
un

d 
(%

) 
R

eq
ui

re
d 

(%
)

on
 

u 
C

om
po

un
d 

A
cy

la
tin

g9
 

Y
ie

ld
 

O
ve

ra
ll 

U
 

(°
) 

R 
(t

.l
.c

.)
 

C
 

H 
N

 
Fo

rm
ul

a 
C

 
H 

N
U

 
h

ag
en

t 
(%

) 
yi

e
ld

 (
%

)

21
 

1.
2 

'9
5
.4

C
-1

6
.2

 
E4

, 
0.

59
; 

G
l,
 

0.
92

; 
58

.3
1 

7.
81

 
12

.9
7 

C
9 ,

H
 

N
 

O
 

58
.3

0 
7.

72
 

13
.0

8 
(c

l.
0

7
) 

G
3,

 
0.

93
; 

A
2,

 
0.

47
 

4

22
 

1.
45

 
94

. 5
C 

90
.0

 
-5

6
.5

 
E4

, 
0.

43
; 

G
l,
 

0.
78

; 
58

.0
5 

7.
86

 
12

.8
7 

C
,,
H

 
N

 
O

 
57

.7
6 

7.
58

 
12

.8
5

(c
O

.9
4)

 
G

3,
 

0.
72

; 
A

2,
 

0.
55

 
Jl

 
4»

 
6 

b

23
 

1.
2 

90
. 6

C 
81

.5
 

-4
1

.8
 

E4
, 

0.
44

; 
G

l,
 

0.
88

; 
61

.4
2 

7.
66

 
11

.6
5 

C
. 9

H 
N

O
 

61
.2

0 
7.

40
 

11
.9

0
(c

 1
.1

9)
 

G
3,

 
0.

76
; 

A
2,

 0
.5

4 
4Z

 
6I

 
/ 

'

24
 

1.
2 

96
.4

° 
78

.6
 

-3
0

.7
 

E4
, 

0.
47

; 
G

l,
 

0.
95

; 
64

.3
8 

7.
20

 
10

.2
0 

C
^H

 
,N

 
O

 ?
 

64
.6

6 
7.

11
 

10
.4

0
(c

l.
1

9
) 

G
3,

 
0.

71
; 

A
2

7 
0.

65

25
 

1.
2 

90
. O

d 
70

.6
 

-3
2

.4
 

E4
, 

0.
61

; 
G

l,
 

0.
97

; 
64

.7
1 

6.
97

 
10

0 1
6 

C
, 7

H 
N

 
O

 
.H

 
O

 
64

.7
5 

7.
06

 
10

.1
2

(c
l.
0

5
) 

G
3

7 
0.

90
; 

A
2,

 
0.

69
 

6
/ 
^
 

V 
'

26
 

1.
2 

88
. l

d 
62

.2
 

-3
8.

6 
E4

, 
0.

66
; 

G
l,
0

.8
7
; 

65
.7

7 
7.

12
 

10
.2

8 
C 

H 
N

, n
O

 
.H

9O
 

65
.6

0 
6.

92
 

10
.0

1
(c

l.
0

7
) 

G
3,

 
0.

82
; 

A
2,

 0
.6

7 
/6

V
4

 
IU

 
i4

 
Z

8 
1.

2 
90

. O
d 

56
.0

 
-4

0.
3 

E4
, 

0.
67

; 
G

3,
 

0.
97

; 
64

.8
1 

6.
57

 
10

.5
6 

C
pl

H 
N

 
O

 
64

.8
0 

6.
60

 
10

.2
8

(c
O

.6
7)

 
G

4,
 

0.
90

; 
A

2,
 

0.
65

M
o

la
r 

pr
op

or
tio

ns
 o

f 
th

e 
ca

rb
ox

y-
co

m
po

ne
nt

, 
N

, 
N

'-d
ic

yc
lo

h
e

xy
lc

a
rb

o
d
i-
im

id
e

 a
nd

 1
 -

h
yd

ro
xy

b
e

n
zo

tr
ia

zo
le

, 
re

la
tiv

e
 t

o 
th

e 
am

jn
o-

co
m

po
nc

nt
, 

us
ed

 
in

 t
he

 
la

st
 c

ou
pl

in
g 

st
ep

 o
f 

th
e 

st
at

ed
 c

om
po

un
d.

 
M

ea
su

re
d 

in
 c

hl
or

of
or

m
. 

Is
ol

at
ed

 b
y 

th
e 

c
it
ri
c
 a

ci
d 

pr
oc

ed
ur

e.
 

Is
ol

at
ed

 b
y 

A
m

be
rly

st
 1

5 
(3

 b
ro

m
op

yr
id

in
iu

m
 f

or
m

).

Cn
F

ig
u

re
 

14
 

^



55

In preliminary experiments it was found that the e-piperidino-oxycarbonyl 

group was slightly heat-sensitive and small amounts of deprotected material had 

been observed when peptides containing this group had been allowed to reach 

30-35 in solution. Therefore, in deprotection steps with trifluoroacetic acid 

where localised heating could occur, the reaction was carried out at 0 in an ice- 

bath. Similarly on Amberlyst 15 isolation, the heat evolved on elution of the resin 

was sometimes sufficient to remove this group and hence elution was carried 

out at 0-4°.

The fully protected rripeptide, a-t-butoxycarbonyl-^-prolyl-e-piperidino- 

oxycarbonyl-L-Iysyl-L-alanine 4-picolyl ester (22) was isolated in 94.5% yield 

as a chroma tog raphica I ly and analytically pure white foam by the citric acid 

procedure with satisfactory amino acid analysis and n.m.r. spectrum.

A similar procedure afforded the fully protected tetrapeptide (23) in 90.6% 

yield as a chroma tog raphica I ly and analytically pure white foam by the citric acid 

procedure. Satisfactory amino acid analysis and n.m.r. spectrum were obtained.

The citric acid isolation method had been used throughout the synthesis to
/

this point and although the protected pentapeptide (24) was obtained in 96.4% 

yield as a chromatographically and analytically pure white powder with satisfactory 

n.m.r. spectrum, the volume of citric acid (0.7M) used for extraction had increased 

dramatically and it was only after repeated extraction that the peptide was 

successfully isolated. The cause could be easily seen from the increasing hydro- 

phobic character of the protected peptide.

The alternative method of isolation by the picolyl ester method, which
4

employs the macroreticular resin - Amberlyst 15, was therefore adopted for subsequent
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syntheses. A full review of the method is described in the experimental section. 

However, the important steps were the removal of 1-hydroxybenzotrlazole and 

triethylammonium trifluoroacetate by aqueous extraction, as salts tended to reduce 

the capacity of the column, the absorption of the protected peptide onto the 

Amberlyst 15 resin and the removal of non-basic contaminants by washing the 

column with ethyl acetate (the usual solvent for application of the peptide onto 

the resin). The acid form of the Amberlyst 15 resin was used but since it was 

sufficiently acidic to remove a-t-butoxycarbonyl groups, the column was buffered 

with 3-bromopyridIne. The peptide (pK 4.5) displaces the 3-bromopyridine 

(pK 2.8) from the resin and is itself later displaced by pyridine (pK 5.2).

Triethylamine (pK 11.0) had been used in earlier syntheses but was found

173 unselective and traces of peptides with free a-amino groups had been eluted

whereas pyridine in dimethylformamide was found to be more selective and gave 

purer products.

The protected hexapeptide (25) was isolated by Amberiyst 15 (3-bromo- 

pyridinium form) in 90% yield as a chromatographically and analytically pure white
/

powder with satisfactory ammo acid analysis.

In the isolation of the protected heptapeptide (26), the removal of dicyclo- 

hexylurea was complicated by the formation of a non-filterable gel which would 

not solubilise. The gel was evaporated to dryness and dissolved in dimethylform­ 

amide. Addition of an equal volume of ethyl acetate at 0 precipitated the 

dicyclohexylurea. The isolation procedure was continued however applying the

peptide to the resin in dichloromethane. The protected heptapeptide (26) was

^ 
isolated in 88 e l% yield as a chromatographically and analytically pure white powder
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with satisfactory amino acid analysis.

The increasing tendency in the hydrophobic character of the protected 

peptide was shown in the last coupling where chloroform was used for application 

to the Amberlyst 15 (3-bromopyridinium form). Isolation gave the protected 

octapeptide (8) in 90% yield as a chromatographically and analytically pure white 

powder with satisfactory amino acid analysis.

The success of the picolyl ester method is clearly demonstrated in Figure 14 

which compares the yields of all protected intermediates and gives the overall yield 

of the protected octapeptide (8) as 56.0% from the 4-picoIy! ester dihya'robromide.

The Synthesis of Protected L-Aianine Analogues

The replacement of phenylalanines-B24 and -B25 by ^-alanine involved 

no change in peptide methodology and the synthesis of the protected octapeptide 

analogues (11-13) was facilitated by the availability of intermediates from the 

previous synthesis. All couplings were carried out by the N, N"-cicyclohexyI- 

carbodi-imide/1-hydroxybenzotriazole method in tetrahydrofuran and all the
t

protected peptides were isolated by the Amberlyst 15 (3-bromopyridinium form) 

procedure.

(1) Synthesis of Z-Gly-Phe-AIa-Tyr-Thr-Pro-Lys-A!a-OPic (11)

Bz! Bzl Pipoc

The synthetic route is summarised in Figure 16 and the physical characteristics 

and amino acid analyses of each intermediate are given in Figures 17 and 18 

respectively.
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Giy Phe Ala Tyr Thr Pro Lys Ala
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/
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OPic

-OPic (11)

Figure 16

The protected hexapeptide (27) was prepared from the previous intermediate 

(24) in 87.1% yield as a chromatographically and analytically pure white powder
.'

with satisfactory amino acid analysis.

Similar procedures as that of the natural protected octapeptide gave the 

protected hepta- (28) and octapeptldes (11) in 83.5 and 81. 3% yields respectively 

as chromatographically and analytically pure white powders with satisfactory amino 

acid analyses. The overall yield of the protected octapeptide (11) was 47.6% from

the 4-pIcolyl ester dihydrobromide.
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Amino 
acid

Compound Ala Lys Pro Thr Tyr Phe Gly

27

28

11
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12
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13

2.

2.

2.

2 0

2.

2.

2.

00

00

00

00

00

98

89
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1
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1

1

1

1

.02

.02

.03

.02

.03

.00

.00

1.

0.

0.

0.

0.

1.

1.

01
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99

00

00

0.
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0.

0.

0.

0.

0.

90
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0.

0.

0,

0.

0.

0.

0.

96 -

98

87

91

87

98

98

1.03

1.02

1.00

1.02

0.99

1.00

0.98

Amino acid analyses of protected L-alanine intermediates

Figure 18

(2) Synthesis of Z-Gly-AIa-Phe-Tyr-Thr-Pro-Lys-Aia-OPic (12)

Bzl Bzl Pipoc

The synthetic route is summarised in Figure 19 and the physical characteristics 

and amino acid analyses of each intermediate are given in Figures 17 and 18 

respectively.

Gly Ala Phe Tyr Thr Pro Lys Ala

•

7— I
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•/
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/
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Pipoc
/

Pipoc
/
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Pipoc
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OPic
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OPic (12)

Figure 19
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The protected heptapeptide (29) was prepared from the previous inter­ 

mediate (25) in 84% yield and from that the protected octapeptide (12) in 84.1% 

yield as chromatographically and analytically pure white powders with satisfactory 

amino acid analyses.

The overall yield of the protected octapeptide (12) was 49.8% from the 

4-picolyI ester dihydrobromide.

(3) Synthesis of Z-Gly-Ala-AIa-Tyr-Thr-Pro-Lys-Ala-OPic (13)

Bzl Bzi Pipoc

The synthetic route is summarised in Figure 20 and the physical characteristics 

and amino acid analyses of each intermediate are given in Figures 17 and 18 

respectively.

Gly Ala Ala Tyr Thr Pro Lys Ala

z—

~7- ,

Boc—

Boc-

^"M-l 1— 1- vjn n

Boc-

r"\i_i LI\jr\ n

/z i

/zl

Bzl

Bzl

B -, 1 Z 1

/Z '

Bzl

Bzl

Bzl

/2l

——————

Pipoc

Pipoc

Pipoc

Pipoc

Pipoc

- OPic (27)

[-OPic

-OPic (30)

x-\ r\ *- OPic

^^ ̂  * / T O \

Figure 20

Similarly the protected heptapeptide (30) was prepared from the previous 

intermediare (27) in 81.2% yield and from that the protected octapeptide (13) in
^

91.8% yield as chromatographically and analytically pure white powders with
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satisfactory amino acid analyses.

The overall yield of the protected octapeptia'e (13) was 51% from the 

4-picolyl ester a'lhydrobromide.

The Synthesis of N-Methyl-L-phenylalanine Analogues

N_-MethyI-amino acids are found in an important afoo&. of peptlde and

1 OQ 
depsipeptide antibiotics. N-Methyl-^-isoIeucine was found In Enniatin A and

N_-methyl-.y-vaIine in Enniatin B and actinomycins, similarly N-methyl-L-phenyl- 

alanine and p-dimethylamino-N-methyl-L-phenylalanine were found in Staphylomycin

Peptide analogues containing these derivatives have been synthesised and created

., ,. . , . 181 considerable interest.

it is only recently that detailed investigations have been made into

racemisation during acidic deprotection, saponification and peptide bond formation

182 
of N-methyl-amino acids, mainly due to Benoiton and co-workers. Optically

pure protected N-methyl-amino acids can be prepared by two different methods.

183 
Methylation with either sodium hydride and methyl iodide or silver oxide and

methyl iodide of N-protected amino acids produced imino nitrogen and carboxy 

group methylation. Saponification of the N_-methyl-N_-protected 

amino acid methyl esters gave the corresponding N-methyl-N-protected amino acids 

or treatment of the corresponding benzyloxycarbonyl derivative with hydrogen bromide 

in acetic acid gave the N-methyl-amino acid methyl ester hydrobromide. All
r/

^'/

derivatives were claimed to be optically pure and free from any unmethylated amino
I QC

acids. A different approach was suggested by Quitt, Hellerbach and Vogler. 

N-Benzyl-amino acids were methylated with formic acid and formaldehyde and 

hydrogenolysis of the product gave optically pure N^-methyl amino acids.
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The latter procedure was used in this synthesis to prepare N-methyl-L- 

phenylalanine derivatives. NhBenzyl-^-phenylalanine was prepared by sodium 

borohydride reduction of the Schiffs base formed between benzaldehyde and 

L-phenyialanine in 96% yield with m.p. 254-5° [lit. 185 90% yield, m.p. 255°]. 

Methylation with formic acid-formaldehyde gave N-benzyl-N-methyl-^-phenyl- 

alanine in 96% yield with m.p. 222-3° [lit. ] 85 yield 94%, m.p. 220-2°]. The 

optimum time of reaction was found to be two hours. Hydrogenolysis in 90% 

aqueous acetic acid containing one equivalent of perchloric acid with 5% palladium 

on charcoal gave N-methyl-^-phenylalanine in 70% yield with m.p. 259-61
•joe:

[lit. yield 75%, m.p. 260°].
I Q /

An adaptation of the method of Li and Blake was used to prepare a-t- 

butoxycarbonyl-N-methyl-L-phenylalanine dicyclohexylammonium salt in 90.1% 

yield with m.p. 167-70° [lit. 18° yield 52%, m.p. 165-70°].

It had been generally assumed that racemisation would be a far smaller 

problem than in ordinary peptides, because of the inability of the N-acyl-N-methyl- 

amino acid derivatives to form oxazolones, and because of their structural similarity 

to proline derivatives, whose resistance to racemisation is well known. Several 

recent observations have shown that these assumptions may be incorrect. N-Methyl-

L-phenylalanine and L-proline can be racemised by acetic anhydride in acetic

187 acid and partial racemisation of a proline residue during coupling has been

188 reported. Benoiton presents evidence that N-methyl-amino acids are able to

racemize to a similar and occasionally greater degree than their primary amino acid

182
counterparts. The extent of racemisation observed in coupling N-protected-L-

alanyl-N-methyl-L-leucine with glycine benzyl ester is minimal In the case of the
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N-hydroxysuccinimide ester, with N, N'-dicyclohexylcarbodi-imide and N-hydroxy­ 

succinimide, and using N-ethy!oxycarbonyl-2-ethyloxy-l, 2-dihydroquinoline 

(in tetrahydrofuran in the absence of salts). However, in most of these coupling 

reactions a pronounced salt effect was observed. Evidence has now been presented

to indicate that the mechanism for racemisation is via a 5-oxo-oxazolium

, . f . 182 derivative.

There have been no such investigations with N-methyl-L-phenylalanine 

and as it was hoped to incorporate this residue into protected analogues (14), (15) 

and (16) it was decided to prepare the model dipeptide (31). a-t-Butoxycarbonyl-

Boc-MePhe-MePhe-OMe (31)

N-methy!-L-pheny!alanine was to be coupled with N-methyl-L-phenylalanlne 

methyl ester hydrochloride by various procedures, the product hydrolysed and 

examined by optical rotation.

N-Methyl-L-phenylalanine was treated with thlonyl chloride in absolute 

methano! to give N-methyl-^-phenylalanine methyl ester hydrochloride in 76% yield 

and m.p. 85-7 as white crystals with satisfactory elemental analysis and n.m.r. 

spectrum.

The formation of the dipeptide (31) was not as straightforward as initially 

envisaged and its sterically hindered nature could be compared to the difficulties 

experienced in proline to proline couplings. The use of N, N'-dicyclohexylcarbodi- 

imide alone was completely unsuccessful. A considerable amount of starting material 

was still present after three days reaction at room temperature and there was no 

indication of possible dipeptide formation. The use of N, N'-dicyclohexylcarbodi- 

imide and 1-hydroxybenzotriazole produced a product thought to be the dipeptide.
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However, isolation of the neutral material revealed that the material was N-acyi 

urea and its structure was confirmed by n.m.r. spectrum and corresponding elemental 

analysis. An 'eintopf procedure merely gave the same N-acyl urea. Surprisingly 

the replacement of 1-hydroxybenzotriazole by N-hydroxysuccinimide did not 

produce even the urea. Large amounts of starting material were present after several 

days reaction at room temperature with no new products formed.

However, the addition of the mixed anhydride formed between a-t-butoxy- 

carbonyl-N-methyl-L-phenylalanine and pivaloyl chloride at -20 to N-methyi- 

^-phenylalanine methyl ester hydrochloride using N-methylmorpholine as base gave 

the desired product. The isolated oil had a satisfactory n.m.r. spectrum and elemental 

analysis and was further characterised by the formation of its hydrazide (32). The 

dipeptide (31) was hydrolysed in hydrochloric acid in the usual manner and was 

compared to a similarly treated sample of N-methyl-L-phenylalanine. The optical 

rotations of the hydrolysed samples were similar. Thus, the incorporation of N_- 

methyl-L-phenylalanine into peptide analogues would be best achieved by the mixed 

anhydride method.

The replacement of phenylalanines-B24 and -B25 by N-methyl-^-phenyl- 

alanine involved a change in previous peptide methodology, the use of mixed 

anhydride couplings, but all the intermediates could be isolated by Amberlyst 15 

(3-bromopyridinium form). The synthesis of protected octapeptide analogues (14-16) 

was facilitated by the availability of intermediates from the previous synthesis.

(1) Synthesis of Z-Gly-Phe-MePhe-Tyr-Thr-Pro-Lys-Aia-OPic (14)

Bzl Bz! Pipoc

The synthetic route is summarised in Figure 21 and the physical characteristics
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and amino acid analyses for each intermediate are given in Figures 22 and 23 

respectively.

Gly Phe MePhe Tyr Thr Pro Lys Ala

z—

7 —
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Boc —
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/^LJ LJ(Jn n
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Pipoc

-OPic (24)
i
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- OPic (34)

- OPic

_ r\v\^ n A\

Figure 21

The protected hexapeptide (33) was prepared from the previous intermediate

o
(24) in 35.3% yield, by a mixed anhydride coupling with pivaloy! chloride and 

N-methylmorpholine as base, as a chromatographically pure white powder with 

satisfactory elemental and amino acid analysis.

The protected heptapeptide (34) was prepared by coupling with N,NT- 

dicyclohexylcarbodi-imide and 1-hydroxybenzotriazole although the reaction was 

extremely slow and was complete only in 24 hours. An 86% yield was obtained of 

a chromatographically pure white powder with satisfactory elemental and amino acid

analysis.



S
yn

th
es

is
 o

f 
pr

ot
ec

te
d 

N
-m

e
th

yl
-L

-p
h
e

n
yl

a
la

n
in

e
 a

na
lo

gu
es

Fo
un

d 
(%

) 
R

eq
ui

re
d 

(%
)

u 
°

on
 

u 
C

om
po

un
d 

A
cy

la
tin

g0
 

Y
ie

ld
0 

O
ve

ra
ll 

[CJ
 

(°
) 

R 
(t

.l
.c

.)
 

C 
H 

N
 

Fo
rm

ul
a 

C 
H 

N
ag

en
t 

(%
) 

yi
e

ld
 (

%
)

33
 

1.
2 

85
.3

 
67

.2
 

-4
0.

6 
E4

, 
0.

64
; 

G
3

7 
0.

74
; 

64
.2

2 
7.

26
 

10
.2

0 
C

, Q
H

Q7
N

0
O

1V
2H

9 O
 

64
.0

8 
7.

20
 

9.
89

(c
O

.7
9)

 
A

2,
 

0.
46

; 
N

, 
0.

86
 

68
 

8
/ 

y 
IJ

 
2

34
 

1.
2 

86
.0

 
57

.2
 

-4
5.

6 
E4

, 
0.

71
; 

G
3,

 
0.

98
; 

65
.2

6 
7.

23
 

10
.1

0 
C 

H
0/

N
,

nO
, 

.2
H

 
O

 
65

.0
5 

7.
09

 
9.

85
(c

O
.3

5)
 

A
2,

 
0.

60
; 

N
, 

0.
80

 
7
/ 

V 
' 

4

14
 

1.
1 

76
.0

 
43

.9
 

-5
2

.2
 

E4
, 

0.
68

; 
G

3,
 

0.
92

; 
65

.6
7 

6.
85

 
9.

93
 

C 
H

Q 
N

 
O

, 
.H

9O
 

65
0 8

9 
6.

67
 

10
.3

1
(c

O
.5

9)
 

A
2,

 
0.

62
; 

N
, 

0.
77

 
W

V
/ 

M
 

ID

35
 

1.
1 

84
.5

 
59

.6
 

-4
9
.2

 
E4

, 
0.

67
; 

G
3,

 
0.

86
; 

65
.2

3 
6.

86
 

9.
89

 
C 

H 
N

in
O

, 
.2

h
L
O

 
65

.0
5 

7.
09

 
9.

85
(c

l.
O

l)
 

A
2,

 
0.

63
; 

N
, 

0.
94

15
 

1.
1 

92
.7

 
55

.4
 

-4
9
.0

 
E4

, 
0.

64
; 

G
3,

 
0.

77
; 

65
.7

2 
7.

03
 

10
.6

6 
C 

H
Q7

N
11

O
, 

.H
9O

 
65

.8
9 

6.
67

 
10

.3
1

(c
O

.5
2)

 
A

2
7 

0.
57

; 
N

, 
0.

95
 

^ 
7 

"
 

^

36
 

1.
2 

82
.9

 
55

.8
 

-6
3
.2

 
E4

, 
0.

66
; 

G
3,

 
0.

85
; 

65
.1

8 
7.

03
 

10
.1

5 
C

VO
H

00
N

, A
O

, 
,.

2
H

0O
 

65
.2

5 
7.

16
 

9.
76

(c
O

.6
) 

A
2

7 
0.

60
; 

N
, 

0.
91

 
78

 
98

 
10

 
14

 
2 

§

16
 

1.
1 

82
.1

 
45

.8
 

-5
2

.5
 

E4
, 

0.
65

; 
G

3,
 

0.
78

; 
65

.2
4 

7.
18

 
9.

60
 

C 
H

OQ
N

 
O

, 
.2

H
9O

 
65

.2
9 

6.
80

 
10

.0
9

(c
O

.1
3)

 
A

2,
 

0.
54

; 
N

, 
0 0

85
 

W
 

VV
 

ll
 

^
 

^

M
o

la
r 

pr
op

or
tio

ns
 o

f 
th

e 
ca

rb
ox

y-
co

m
po

ne
nt

, 
N

, 
N

'-d
ic

yc
lo

h
e

xy
!c

a
rb

o
d
i-
im

id
e

 a
nd

 1
 -

h
yd

ro
xy

b
e

n
zo

tr
ia

zo
le

 r
e

la
tiv

e
 t

o 
th

e 
am

in
o-

co
m

po
ne

nt
, 

us
ed

 
in

 t
he

 
la

st
 c

ou
pl

in
g 

st
ep

 o
f 

th
e 

st
at

ed
 c

om
po

un
d.

 
M

ea
su

re
d 

in
 c

hl
or

of
or

m
. 

Is
ol

at
ed

 b
y 

A
m

be
rly

st
 1

5 
(3

-b
ro

m
o

p
yr

id
in

iu
m

 f
or

m
).

CN
 

F
ig

ur
e 

22



68

Amino 
acid

Compound ] Ala Lys Pro Thr Tyr Phe MePhe Gly

33 1.00 1.01 0.99 0.98 0.97 - 1.00

34 1.00 0.99 0.99 0.99 0.98 0.99 0.98

14 1.00 1.01 1.02 0.99 0.97 0.97 1.00 0.99

35 1.00 1.01 0.99 0.98 1.00 0.98 0.99

15 1.00 0.99 0.98 0.99 0.99 0.98 0.99 1.00
s

36 1.00 "' 1.01 1.03 0.97 0.98 1.99

16 1.00 1.01 0.98 1.00 0.96 1.97 0.98

Amino acid analyses of protected N_-methyl-^-phenylalanine intermediates

Figure 23

The protected octapeptide (14) was obtained in 76% yield and isolated as 

a chromatographically pure white powder with satisfactory elemental and amino 

acid analysis.

The overall yield of the protected octapeptide (14) from the 4-picolyI ester 

dihydrobromide was 43.9%.

(2) Synthesis of Z-Gly-MePhe-Phe-Tyr-Thr-Pro-Lys-Ala-OPic (15)

Bzl Bzl Pipoc

The synthetic route is summarised in Figure 24 and the physical characteristics 

and amino acid analyses for each intermediate are given in Figures 22 and 23 

respectively.
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Gly MePhe Phe Tyr Thr Pro Lys Ala
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Pipoc

Pipoc

Pipoc

Pipoc

—

— i

OPic (25) 

OPic 

OPic (35)

-OPic

-OPic (15)

Figure 24

The protected heptapeptide (35) was prepared from the previous intermediate 

(25) by a similar mixed anhydride coupling as in the previous synthesis, in 84.5% 

yield as a chromatographically pure white powder with satisfactory elemental and 

amino acid analysis.

The protected octapeptide (15) was prepared by the N, N'-dicycIohexyl- 

carbodi-imide —1 -hydroxybenzotriazole method in 92.7% yield as a chromatographically 

pure white powder with satisfactory elemental and amino acid analysis.

The overall yield of the protected octapeptide (15) from the 4-picolyl ester 

dihydrobromide was 43.9%.

(3) Synthesis of Z-Gly-MePhe-MePhe-Tyr-Thr-Pro-Lys-AIa-OPic (16)

Bzl Bzl Pipoc

The synthetic route is summarised in Figure 25 and the physical characteristics 

and amino acid analyses for each intermediate are given in Figure 22 and 23 

respectively.
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Figure 25

The protected heptapeptide (36) was prepared by a mixed anhydride coupling 

from hexapeptide (33). The reaction was extremely slow and took two days for 

completion. Normal isolation by Amberlyst 15 (3-bromopyridinium form) gave a 

82.9% yield of a chromatographically pure white powder with satisfactory elemental 

and amino acid analysis.

The protected octapeptide (16) was prepared in 82.1% yield from (36) by the
n.

N, N'-dicycIohexylcarbodi-imide — 1 -hydroxybenzotriazole method, isolation by 

the Amberlyst 15 (3-bromopyridine form) procedure gave the material as a chromato­ 

graphically pure white powder with satisfactory elemental and amino acid analysis.

The protected octapeptide (16) was prepared in an overall yield of 45.8% 

from the 4-picolyl ester dihydrobromide.

The Preparation of Truncated Sequences

189
The 2-(p-biphenylyl)-isopropyloxycarbonyI group had previously not been 

used with the 4-picolyl ester procedure. Rate studies indicated that it was three
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1 89 
thousand times as acid labile as the t-butoxycarbonyl group. Its versatility is

shown in the nearly completed synthesis of lysozyme where it has been used nearly 

exclusively for a-amino protection in conjunction with t-butyl ether side chain

* *• protection.

Preliminary studies with 2-(p-biphenyly!)-isopropy!oxycarbonylglycine 

indicated that it was stable to Amberlyst 15 (3-bromopyridinium form) in dimethyl- 

formamide for several hours. However, 1-hydroxybenzotriazole was found to 

decompose the protecting group readily to give 2-biphenyl-propane-2-ol and 2- 

biphenyl-2-propene. 2-(p-BiphenyI)-isopropyloxycarbonylglycine was introduced 

as its N-hydroxysuccinimide ester and by a N/N'-dicycIohexylcarbodi-imide 

coupling of its free acid.

Preparation of protected analogues (17) and (18) would then give the easily 

prepared semi -protected tetra- and hexapeptides (37) and (38) respectively by 

routes indicated in Figure 26.

The synthetic route for the preparation of the protected tetrapeptide is 

summarised in Figure 27 and the physical characteristics for each intermediate are 

shown in Figure 28.

Gly
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Figure 27
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The 4-picoIyl derivative of the C-termina! amino acid, a-t-butoxycarbonyl- 

C)-benzyl-y-tyrosine 4-picolyl ester, was synthesised by reaction of 4-pyridyl- 

methanol and a-t-butoxycarbonyl^O-benzyl-L-tyrosine at 0 with N, N'-dicycIo- 

hexylcarbodi-imide in dichloromethane. Attempted purification by partition between 

citric acid (0.7M) and ethyl acetate and diethyl ether mixtures failed probably 

because of the lipophilicity of the protected derivative. However a successful 

isolation was performed on Amberlyst 15 (3-bromopyridinium form). The product was

recrystallised from ethyl acetate and petroleum ether in 67% yield as white needle-

*?fi 
shaped crystals of m.p. 78-80 , [aL -18.5 (c 1.13 in DMF), chromatographically

pure with satisfactory elemental analysis and n.m.r. spectrum.

Treatment of the protected 4-picolyl ester with trifluoroacetic acid gave 

^D-benzyl-^-tyrosine 4-picolyl ester bis trifluoroacetate which was coupled to 

a-t-butoxycarbonyl-L-phenylalanine using N, N'-dicyclohexylcarbodi-imide and 

1-hydroxybenzotriazole with N, N-di-isopropylethylamine as base. The dipeptide, 

a-t-butoxycarbonyI-L-phenylalanyl-_O-benzyI-.L-tyrosine 4-picolyl ester (39) was 

obtained in 97.5% yield as a chromatographically and analytically pure buff powder
/

by the Amberlyst 15 (3-bromopyridinium form) procedure with a satisfactory n.m.r. 

spectrum.

The protected tripeptide (40) was prepared in a similar manner from the 

dipeptide (39) in 83.0% yield as a chromatographically and analytically pure buff 

powder by the Amberlyst 15 (3-bromopyridinium form) procedure with a satisfactory 

n.m.r. spectrum.

The protected tetrapeptide (17) was prepared from 2-(p-bipheny!yl)-iso- 

propyloxycarbonylglycine N^hydroxysuccinimide ester and the trifluoracetic acid
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treated tripeptide (40). The protected tetrapeptide (17) was isolated by 

Amberlyst 15 (3-bromopyridinium form) in 46% yield as a chromatographically pure 

white powder with satisfactory elemental analysis and n.m.r..spectrum.

The overall yield of protected tetrapeptide (17) was 37.3% from the fully 

protected 4-picoIyl ester.

The synthetic routes for the preparation of the protected hexapeptide (18) 

are given in Figure 29 and the physical characterisations and amino acid analyses 

are given in Figures 30 and 31 respectively.
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/

Boc-

/^LJ LJUn n

Boc—

n_ _DOC — 
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Amino 
acid

Compound | Pro Thr Tyr Phe Gly

43

44

18

1.00

1.00

1.00

0.99

0.99

1.01

f

0.99

1.01

1.00

1.00

2.03

1.99 1.00

Amino acid analyses of protected hexapeptide intermediates

Figure 31

The synthetic procedure followed exactly that of the preceding syntheses. 

The dipeptide, a-t-butoxycarbonyl-O-benzyl-^-threonyl-L-proline 4-picolyl 

ester (41) was prepared by coupling a-t-butoxycarbonyl-O-benzyl-L-threonine and

JL-proline 4-picolyl ester dihydrobromide with N,N'-dicyclohexyicarbodi-imide

\ 
and 1 -hydroxybenzotriazole using an 'eintopf procedure. The protected dipeptide

(41) was isolated by the citric acid method in 87.2% yield as a chromatographically 

pure white foam with a satisfactory elemental analysis and n.m.r. spectrum.

The dipeptide (41) was deprotected with trifluoroacetic acid and coupled
/

with a-t-butoxycarbonyl-O-benzyl-L-tyrosine in the usual manner to give the 

tripeptide (42) in 86.6% yield, isolated by the Amberlyst 15 (3-bromopyridinium form) 

method as a chromatographically pure white powder with satisfactory elemental 

analysis and n.m.r. spectrum.

The tetra- and pentapeptides (43) and (44) were prepared in analogous 

manner in yields of 91.8 and 88.4% respectively, as chromatographically pure white- 

powders with satisfactory elemental and amino acid analyses.
^

The hexapeptide (18) was prepared by two methods.
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The first followed the preparation of the tetrapeptide (43) using 2-(p- 

biphenylyl)-isopropyloxycarbony!glycine N-hydroxysuccinimide ester and the 

second was via the free acid and N, N'-dicyclohexylcarbodirimide. Isolation in 

both cases was by the Amberlyst 15 (3-bromopyridinium form) procedure and gave 

yields of 81 and 73% respectively of chromatographically pure white powders with 

satisfactory elemental and amino acid analyses.

The overall yield of the hexapeptide from the 4-picolyl ester dihydrobromide 

was 49.6%.

These two syntheses demonstrate the potential use of the extremely acid- 

labile 2-(p-biphenylyl)-isopropyloxycarbonyl group in conjunction with the 4-picolyl 

ester procedure. The overall yields for a tetrapeptide and hexapeptide were 37.3 

and 49.6% respectively and no problems were encountered with the use of this 

group.

Studies with DIphenyldiazomethane

The projected preparation of the derivative (10) from (8) required a synthetic
f

Z-GIy-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OCHPh2 (10)

Boc

route in the form of Figure 32.

The replacement of piperidino-oxycarbonyl by t-butoxycarbonyl for e-amlno 

protection followed by hydrogenolysis of the a-benzyloxycarbonyl, benzyl ethers 

and 4-picolyl ester groups in steps (i), (ii) and (iii) follows known procedures. The

most crucial steps would appear to be the reprotection of the a-amino group and
*

following esterification by diphenyldiazomethane and subsequent a-amino deprotection,
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Z-G!y-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OPic
II I
Bzl Bzl Pipoc

H-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OH

Boc

Ov)

X-GIy-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OH

Boc

H-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OCHPh2

Boc

(8)

(45)

(10)

(i) Sodium dith ion ire/50% aqueous HAc (ii) Boc azide

(iii) (iv) X— a-amino protection

(v) Diphenyldiazomethane (vi) Removal of X

Figure 32

The planned mild acidic conditions employed for the removal of the t-butoxycarbony! 

and benzhydryl ester groups presents a severe constraint of the possible choice of 

groups for a-amino protection. Two urethane protecting groups were considered that 

had already been used in the syntheses: 2-(p-biphenylyl)-isopropyloxycarbonyl and 

piperidino-oxycarbonyl. Both offered the advantages of being directly incorporated

into the peptide via their mixed carbonates/ The virtues of each group were examined
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using their respective glycine benzhydryl esters as model compounds.

In the original preparation of benzhydryl esters, Hiskey reacted the 

amino acid derivative with excess diphenyldiazomethane in ethyl acetate for two 

days at room temperature. Excess diazoalkane was then removed by the addition 

of concentrated hydrochloric acid. Such vigorous conditions were thought too 

drastic to be used with protected peptides. A series of organic and inorganic acids 

were investigated to find milder conditions for hydrolyslng excess diphenyldiazo­ 

methane. The hydrolysis was observed by the discharge of the intense maroon colour 

of the diazoalkane by acid to give a colourless solution. The following results were 

obtained and shown in Figure 33.

Acid Observation

0.01^ Malonic Colour faded within 3 min

0.01M Tartaric Gradual hydrolysis, complete within 1 hr

0.7M Citric

Glacial acclic Complete within 30 sec

50% Aqueous acetic Complete within 1 min

6M Hydrochloric Hydrolysis < 10 sec

1M Hydrochloric Complete within 2 min

O.IM Hydrochloric Virtually no colour change

Figure 33

The most favourable results were obtained by washing the reaction solution 

with hydrochloric acid (1.0^) and immediately washing with saturated sodium
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hydrogen carbonate solution to remove traces of excess acid.

2-(p-Biphenylyl)-isopropy!oxycarbonylglycine benzhydryl ester (46) was 

prepared by the above manner. 2-(p-Biphenylyl)-isopropyloxycarbonylglycine 

was reacted overnight with excess diphenyldiazomethane in ethyl acetate at room 

temperature. Rapid washing removed excess diazoalkane and the isolated gum was 

re crystal Used from ethyl acetate and petroleum ether in 83.5% yield as needle- 

shaped crystals of m.p. 113.5-115 , chromatographically pure with satisfactory 

elemental analysis and n 8 m.r. spectrum. This compound was examined for its 

sensitivity to acid by stirring with hydrochloric acid (0.01^) and only a trace of 

decomposition, < 5%, was found after 2.5 hours.

a-Piperidino-oxycarbonylglycine benzhydryl ester (47) was prepared from 

a-piperidino-oxycarbonylglycine in an analogous manner in 72% yield as needle- 

shaped crystals of m.p. 124-5 , chromatographically pure with satisfactory elemental 

analysis and n.m.r. spectrum.

The conditions for esterification of protected amino acids and protected 

peptides were expected to be considerably different. The most probable solvent 

to be used in the esterification of the protected octapeptide was 85% aqueous 

dimethylformamide. The stability of diphenyldiazomethane to hydrochloric acid 

(l.OM) in these conditions was studied on an autotitrator observing the rate of uptake
—— ^

of acid and colour of the solution. At pH 4.0 there was virtually no hydrolysis. 

Between pH 3.0 and pH 2.5 the hydrolysis rate increased with the gradual removal 

of the colour of the solution and the formation of white insoluble material until at 

pH 2.0 hydrolysis was complete and the solution was colourless.

The decomposition of excess diphenyldiazomethane in the presence of the
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model compounds, 2-(p-biphenylyl)-isopropyIoxycarbonyIglycine benzhydryl ester 

(46) and a-piperidino-oxycarbonylglycine benzhydryl ester (47) was investigated 

in conditions that could be needed for complete solubilisation of the partially 

protected peptide, i.e. 85% aqueous dimethylformamide.

In the pH range 2.5-4.0, a-piperidino-oxycarbonylglycine benzhydryl 

ester (47) was completely stable and no decomposition was observed. In the case 

of 2-(p-bipheny!yl)-isopropy!oxycarbonylg!ycine benzhydryl ester (46) the derivative 

was stable between pH 3.0 and 4.0 but a small amount of decomposition was observed 

between pH 2.5-3.0 corresponding to the formation of glycine benzhydryl ester.

The optimum conditions for the removal of the 2-(p-biphenyIyl)-isopropyl- 

oxycarbonyl group in the presence of the benzhydryl ester function was examined 

with the model, 2-(p-biphenylyl)-isopropyloxycarbonylglycine benzhydryl ester (46). 

The decomposition was easily followed by ultraviolet absorption at 254 nm of the 

liberated 2-biphenyl-propane-2-ol and 2-biphenyI-2-propene. Various acidic 

reagents were investigated and the results summarised in Figure 34.

Acid Observation

0.05% TFA in CHjCL

0. 15% TFA in ChLCL

0.5% TFA in ChLCL at 0

6 : 1 (v/v) HAc; DCA 

CHLCL-75% CAA, 50:37

Very fast removal^ 5 min, trace of glycine 
after 30 min

Very fast removal, < 30 sec, traces of glycine 
formed after 30 min

Removal in 25-30 min, no trace of any completely 
deprotected material

Removal in 30 min

Fast removal within 10 min, trace of glycine 
formed after 30 min

Figure 34
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The 2-(p-biphenylyl)-isopropyloxycarbonyl group could be easily removed 

by various trifluoroacetic acid solutions in dichloromethane although prolonged 

treatment led to the formation of completely deprotected material. The most 

successful conditions were met by 0.5% trifluoroacetic acid in dichloromethane 

atO°.

Glycine benzhydryl ester trifluoroacetate (48) was prepared as a chromato- 

graphically pure white powder in 89% yield with m.p. 157-160° with satisfactory 

elemental analysis from (46) by the above procedure.

The piperidino-oxycarbonyl group can be removed under reducing conditions: 

catalytic hydrogenation, or electrolytic reduction, zinc and acetic acid or with 

sodium dithionite and acetic acid. The most applicable to the synthetic scheme 

was the use of sodium dithionite and acetic acid. The model, a-piperidino-oxy- 

carbonylglycine benzhydryl ester (47) was treated with excess sodium dithionite in 

50% aqueous acetic acid. Deprotection was complete within 1.25 hours and a 

sample identical to glycine benzhydryl ester (48) was obtained. Deprotection in 

80% aqueous dimethylformamide with excess sodium dithionite was negligible until
/

a trace of 50% aqueous acetic acid was added and then the reaction was slow. 

Thus from these model experiments it is shown that both the piperidino- 

oxycarbonyl and 2-(p-biphenylyl)-isopropyloxycarbonyl protecting groups can be 

used in conjunction with benzhydryl esters. Both groups could be safely removed 

in presence of the ester function and the ester could easily be prepared from its 

diazoalkane in derivatives protected by both these groups. The optimum conditions 

for deprotection of each group have been ascertained.
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Synthesis of the Protected Precursor

The synthesis of the protected natural octapeptide and L-alanine and N-methyl- 

L-phenylalanine analogues have been described in the previous sections, The 

preparation of the precursor (10) for coupling to the protected des-octapeptide- 

insulin was the next objective. This involved the use of the mild acid labile 

protecting groups, t-butoxycarbonyl and benzhydryl esters as shown in Figure 35.

Z-G!y-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OPic
II I 
Bzl Bzl Pipoc

(8)

f
Z-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OPic

II I 
Bzl Bzl Boc

(iii)

H-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OH

Boc 

Ov),(v)

X-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OCHPh 2

Boc 

(vi)

H-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OCHPh 2

Boc

(50)

(51)

(10)

(I) Sodium dithionite/HAc (ii) Boc azide (iii) H 2/Pd 

(iv) a-Amino protection (v) Diphenyldiazomethane 

(vi) a-Amino deprotection

Figure 35
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The deprotection of the e-piperidino-oxycarbonyl group and replacement 

by t-butoxycarbonyl of the lysine residue was examined with the tetrapeptide (23).

Boc-Thr-Pro-Lys-Ala-OPic (23) * 
II 
Bzl Pipoc

Treatment with excess sodium dithionite in 50% aqueous acetic acid completely 

removed the e-piperidino-oxycarbonyl group within twenty minutes. The solution 

was neutralised, evaporated and taken up in dimethylformamide. Overnight 

reaction with t-butoxycarbonyl azide in the presence of triethylamine gave the 

protected tetrapeptide (49) in 66.1% yield as a chromatographically and analytically

Boc-Thr-Pro-Lys-Ala-OPic (49) 

Bzl Boc

pure white powder. This procedure was repeated for the octapeptide (8) and the 

reprotected peptide (50) was obtained in 72% yield, chromatographically and 

analytically pure with the following amino acid analysis. Gly, 1.01; Phe, 1.98; 

Tyr, 0.98; Thr, 1.00; Pro, 1.00; Lys, 0.99 and Ala, 1.00.

The complete removal of the remaining protecting groups by hydrogenation 

was found to be not as straightforward as anticipated. Small scale trials were 

carried out following the reaction by electrophoresis at pH 1.9 and pH 6.5. The 

use of acidic solvents was initially avoided as prolonged exposure in acidic solution 

might lead to deprotection of the t-butoxycarbonyl group.

In 80% aqueous dimethylformamide hydrogenolysis was extremely slow and 

only traces of a possible product was observed. The 4-picolyl group appeared to 

have been removed on account of the readily detectable 4-methylpyrIdine on the 

electrophoretogram. In dimethylformamide containing a trace of acetic acid, the
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majority of the product appeared unchanged even after hydrogenatlon for 64 hours.

The tetrapeptide (23) and pentapeptide (24) were examined as models for 

the octapeptide as they contained the benzyl and 4-picolyl groups and it was 

thought that the former existing side by side, i.e.

25 26 27 28 

-Phe-Tyr-Thr-Pro-
! !
Bz! Bzl

might be in such a conformation as to prevent complete deprotection. Hydrogenation 

of (23) in 50% aqueous acetic acid for 24 hours gave a single spot on electrophoresis. 

Similarly with (24) a single spot was obtained which as well as being ninhydrin 

positive was also phenolic hydroxyl positive. In both cases there was no additional 

spots of higher charge attributed to the removal of the t-butoxycarbonyl group which 

were found when hydrogenation was carried out in 80% aqueous acetic acid. The 

optimum conditions of hydrogenation of the octapeptide (50) in 50% aqueous acetic 

acid were studied for 72 hours and the minimum period for complete deprotection 

was 30 hours. The hydrogenation product was compared with the peptide (51) 

obtained by tryptic cleavage of protected insulin and was shown to have the same 

electrophoretic mobilities at pH 1.9 and pH 6.5. The hydrogenation was repeated 

on a larger scale in 86% yield to give the octapeptide (51), chromatographically 

and electrophoretically pure with the following amino acid analysis. Gly, 1.01; 

Phe, 1.97; Tyr, 0.99; Thr, 0.99; Pro, 0.99; Lys, 1.00; Ala, 1.00.

At this stage of the synthesis model studies for the preparation of the des- 

octapeptia'e-insulin had not been concluded and a final decision as to whether 

carboxy protection was to be by benzhydryl or anisyl esters was deferred. However
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the direct esterification of the octapeptide (51) had not been previously considered. 

Treatment of (51) with diphenyldiazomethane for two days at room temperature was 

successful and no N-alkylated material was observed by electrophoresis and amino 

acid analysis.

It was concluded that this approach to direct esterification would be suitable 

for preparation of the desired semi-protected octapeptides. Thus the route indicated 

in Figure 35 would be applicable without the a-amino protection and could be 

applied equally well to anisyl ester incorporation.

Cyclisation Studies

The initial investigations into the possibility of preparing a cyclic model 

peptide based on the B-chain monomer-monomer interactions revolved around model 

studies. It was soon evident that the simple model proposed (19) would be inadequate 

because of the severe conditions imposed by the steric nature of the molecule. The 

use of another amino acid residue as a 'spacer 1 was found to give the necessary 

flexibility to the model such that cyclisation might be possible and more importantly
/

that the hydrogen bonds formed in the dimer might also be repeated in the model. 

The use of a lysine residue between a N-terminal glycine and a C-terminal proline, 

of a dodecapeptide formed from two Gly-B23 to Pro-B28 hexapeptides, coupled 

through the e-amino group and carboxy group produced a flat cyclic structure in 

which the Van der Wool's distances were such that the possibility of hydrogen 

bonding was extremely high. The photograph of this model shows the hydrogen- 

bonded atoms slightly apart, for convenience, and Figure 35 indicates the relevant 

amino acid residues and the corresponding hydrogen bonding.



Figure 35
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In the synthesis of homomeric heterodetic cyclic peptides there are two 

alternatives for ring closure: (i) through the formation of an amide or (ii) through 

the formation of the 'hetero bond'. This latter method has been applied mainly to

cyclic disulphides but syntheses have been reported in which the formation of an

191ester bond through the hydroxyl group of threonine was used. As yet there has

been no reported cyclisation through the e-amino group of lysine. In view of the 

readily available precursor (24) and protected lysine derivative, t-butoxycarbonyl- 

e-piperidino-oxycarbonyl-L-lysine, the following hexa- (52) and heptapeptides (53) 

could be prepared.

Boc-Gly-Phe-Phe-Tyr-Thr-Pro-OPic (52)
! I
Bzl Bzl

Boc-Lys-Gly-Phe-Phe-Tyr-Thr-Pro-OPic (53) 

Pipoc Bzl Bzl

Saponification of (53) and trifluoroacetic acid deprotection of (52) would 

give suitable intermediates for coupling to give the protected tridecapeptide (54), 

the desired precursor for cyclisation.
i

Boc-Lys-Gly-Phe-Phe-Tyr-Thr-Pro-Gly-Phe-Phe-Tyr-Thr-Pro-OPic (54)
I II II 
Pipoc Bzl Bzl Bzl Bzl

The protected heptapeptide (55) was prepared by the synthetic route shown 

in Figure 36. All couplings were by the N,N'-dicyclohexylcarbodi-imide—1 - 

hydroxybenzotriazole method and isolation carried out by the Amberlyst 15 

(3-bromopyridinium form) procedure.

The hexapeptide (52) and heptapeptide (53) were prepared in 94% and 94.1%
< 

yield respectively as chromatographically pure white powders with satisfactory
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Lys
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Pipoc
S /*"\i_i 11• vJn n 

Pipoc

Pipoc

nDOC— 

/"MJ Uvjn n

Bz! 
X

Bz!

/zl
Bz! 

X

n_ I n^ 1

pZ 1

Bzl

Bz!

Bzl

Bzl

Bzl

OPic (24)

-OPic

-OPic (52) 

OPic

OPic (53) 

OH (55)

Figure 36

elemental and amino acid analyses.

The saponification of protected peptide 4-picolyl esters was studied with the 

model tetrapeptide (23). The hydrolysis in aqueous dioxan by a slight excess of

Boc-Thr-Pro-Lys-AIa-OPic

Bzl
I 
Pipoc

(23)

sodium hydroxide was followed by thin layer chromatography. Reaction was complete

P ,.,within one hour and the addition of citric acid at 0 liberated the free acid into an 

organic phase. The tetrapeptide (56) was isolated in 86.8% yield as a chromato-

Boc-Thr-Pro-Lys-Ala-OH
I I
Bzl Pipoc

(56)

graphically pure white powder with satisfactory elemental analysis.

The heptapeptide (55) was prepared in a similar manner as a chromatographically 

pure white powder with satisfactory elemental analysis and the following amino acid 

analysis. Lys, 1.02; Gly, 1.00; Phe, 2.02; Tyr, 0.99; Thr, 0.97; Pro, 1.00.



The tridecapeptide (54) would be the largest so far isolated by the 4-picolyl 

ester method. The heptapeptide (55) was activated in the usual manner though for 

a longer period with N, N'-dicyclohexylcarbodi-imide and 1 rhydroxybenzotriazole. 

The hexapeptide (52) was deprotected with trifluoroacetic acid and added to the 

activated mixture with N, N-di-isopropylethylamine as base. Isolation by 

Amberlyst 15 (3-bromopyridinium form) after overnight stirring gave the protected 

tridecapeptide (54) in 72% yield, chromatographically pure with satisfactory 

elemental analysis. Amino acid analysis gave Lys, 1.00; Gly, 2.02; Phe, 3.99; 

Tyr, 1.97; Thr, 1.97 and Pro, 2.02.

Two routes were considered for cyclisation and these are shown in Figures 37 

and 38.

Saponification and then removal of the e-piperidino-oxycarbonyl group 

would produce a derivative in a form ready for cyclisation as in Figure 37. 

Cyclisation followed by hydrogenolysis and trifluoroacetic acid treatment would 

give the desired product (57). Alternatively, as in Figure 38, the protected 

hydrazide (58) could be formed. Complete deprotection, followed by an azide
i

coupling and then acidic treatment would give the product (57). The cyclisation 

reaction could also be performed initially after removal of the e-piperidino-oxy­ 

carbonyl group followed then by complete deprotection.

Both these alternatives were investigated. The model hydrazide (59) was

Boc-Thr-Pro-Lys-AIa-NHNH2 (59) 

Bzl Pipoc

prepared from the tetrapeptide (23) in 86% yield, chromatographically pure and
•(

with satisfactory elemental analysis. The tridecapeptide hydrazide (58) was prepared
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Boc-Lys-Gly-Phe-Phe-Tyr-Thr-Pro-OH + 2TFA.H-G!y-Phe-Phe-Tyr-Thr-Pro-OPic

Pipoc Bzl Bzl
(55) Bzl Bzl

0)

Boc-Lys-Gly-Phe-Phe-Tyr-Thr-Pro-Gly-Phe-Phe-Tyr-Thr-Pro-OPic 

Pipoc Bzl Bzl Bzl Bzl

(54)

Boc-Lys-Gly-Phe-Phe-Tyr-Thr-Pro-Gly-Phe-Phe-Tyr-Thr-Pro-OH 

Pipoc Bzl Bzl Bzl Bzl

(iii)

Boc-Lys-GIy-Phe-Phe-Tyr-Thr-Pro-Gly-Phe-Phe-Tyr-Thr-Pro-OH
II II 
Bzl Bzl Bzl Bzl

Ov), (v), (vi)

H-Lys-Gly-Phe-Phe-Tyr-Thr-Pro^

Pro-Thr-Tyr-Phe-Phe-Gly-

(60)

(61)

(57)

(i) DCCl/HOBt (ii) NaOH (iii) Sodium dithionit</HAc (iv) Cyclisafion 

reaction (v) H 2/Pd (vi) TFA

Figure 37
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Boc-Lys-Gly-Phe-Phe-Tyr-Thr-Pro-Gly-Phe-Phe-Tyr-Thr-Pro-OPic (54)
Pipoc Bzl Bzl Bzl Bz!

(i)

Boc-Lys-Gly-Phe-Phe-Tyr-Thr-Pro-GIy-Phe-Phe-Tyr-Thr-Pro-NHNH 2 (58)
Pipoc Bzl Bzl

Either (ii-v)

Bzl Bzl

/ • •»»\ or (vi-viu;

H-Lys-GIy-Phe-Phe-Tyr-Thr-Pro-n

Pro-Thr-Tyr-Phe-Phe-GIy-

(57)

(i) NH 2 NH 2 (ii) Sodium dithionite/HAc (iii) Azide coupling (iv) H 2/Pd 

(v) TFA (vi) H 2/Pd (vii) Azide coupling (viii) TFA

Figure 38

in a similar manner in 75.6% yield as a chromatographically pure white powder with 

satisfactory elemental analysis. Saponification of the tridecapeptide (54) gave the 

corresponding free acid (60) in 81.8% yield as a chromatographically pure white 

powder with satisfactory elemental analysis.

The well-known coupling methods of peptide synthesis have also been applied 

to cyclisation reactions. The most popular have been the active ester and the 

N, N'-dicycIohexylcarbodi-imide—N-hydroxysuccinimide methods. The scheme 

outlined in Figure 37 was adopted as the most straightforward synthesis. Deprotection
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of the e-piperidino-oxycarbonyl group of the tridecapeptide (54) by sodium 

dithionite in dilute acetic acid afforded the derivative (61) suitable for cyclisatlon. 

Unfortunately, of all the methods attempted for this cyclisation, none were

successful in forming the desired amide bond. N, N'-Dicyclohexylcarbodi-imide

192with either N^-hydroxysuccinimide or 1-hydroxybenzotriazole gave the N-acyl

urea. In attempted cyclisations with both 2-ethyl-5-phenylisoxazoIium-3'- 

sulphonate and a mixed anhydride procedure only starting material was 

isolated.

Hydrogenation of the protected tridecapeptide hydrazide (58) in 50% aqueous 

acetic acid gave material that was inhomogeneous, even after prolonged reaction, 

by electrophoresis at different pH values.

Thus the attempted preparation of a cyclic peptide containing the B-chain 

monomer-monomer interactions was unsuccessful. The possible reason for this must 

be the inability of a suitable conformation to be formed in which cyclisation can 

take place. The hydrophobic nature of the tridecapeptide, containing four phenyl- 

alanine, two ryrosine and two proline residues, could be such that correct alignment
i*

of the hydrogen-bonding residues is virtually impossible. However, the presence of 

four benzyl ethers in the protected tridecapeptide could cause sufficient steric 

hindrance to prevent cyclisation. This seemed unlikely from the model as these 

protecting functions were all on the outside of a very flat oval structure.

Electrophoresis studies on the prolonged hydrogenolysis of the tridecapeptide

hydrazide (58) and acid (55) indicated that the complete removal of the protecting

195 groups might prove difficult. Morley has reported a case where hydrogenation
* 

was unable completely to deprotect a peptide containing six benzyl ether groups. It

is possible that a similar 'incomplete reduction 1 occurred with this tridecapeptide.
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The Plcolyl Ester Method: Conclusions

The majority of this thesis reports the synthesis of a protected C-terminal 

B-chain insulin octapeptide and a number of analogues by the"4-picolyl ester 

method. Such has been the recent progress of this method that the synthesis of 

small peptides of 8-10 residues can be accomplished in high yields in a relatively 

short period. The syntheses achieved in this work are tabulated in Figure 39 which 

indicates the overall yields, based on the 4-picoIyl ester dihydrobromides, the 

yield per residue, the coupling method used and the isolation procedure. The 

overall yields for these protected analogues are between 40 and 58% which is a 

very good indication of the success of this synthetic procedure. All the protected 

intermediates were isolated as chromatographically and analytically pure foams or 

powders with satisfactory amino acid analyses and in the case of the smaller peptides 

appropriate n.m.r. spectra. The majority of residues were incorporated as their 

t-butoxycarbonyl derivatives but favourable results were obtained in the isolation 

of protected peptides containing the 2-(p-biphenylyl)-isopropyIoxycarbonyl group. 

This extremely acid labile protecting group was completely stable to Amberlyst 15
/

(3-bromopyridinium form) and its success could easily lead to syntheses employing 

t-butyl ether side chain protection not previously used in conjunction with the 

4-picolyl ester method. The majority of couplings were carried out by the N,NT- 

dicyclohexylcarbodi-imide/l-hydroxybenzotriazole procedure of K6nig and Geiger 

with complete absence of side products and an average of 90% yield per residue. 

The largest peptide synthesised so far by the 4-picolyl ester method was the tri-

decapeptide (54) coupled by a 7+6 approach in 72% yield and isolated by the
*

Amberlyst 15 (3-bromopyridinium form) procedure.
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Thus these results clearly demonstrate the continued success of the 

4-picoIyI ester method in preparing pure peptides in high yields.



EXPERIMENTAL SECTION



98

GENERAL INFORMATION

Chromatography

Thin layer chromatograms were run on unbaked Kieselge! HF^*,/*,, plates: 

R_ values refer to the following systems (proportions by volume): n-butanol-acetic 

acid-water (A2) 10:1:3; toluene, chloroform, ethanol (B) 12:12:1; methanol- 

chloroform (E4) 1:9; ethyl acetate-pyridine-acetic acid-water mixtures (Gl) 

60:20:6:11, (G3) 120:20:6:11, (G4) 10:20:6:11; n-butanol-pyridine-acetic acid- 

water (H) 15:10:3:12; methanol-acetic acid-water (M) 4:2:1; chloroform-methanol- 

acetic acid (N) 17:2:1.

Spots were detected by ultra-violet illumination, by ninhydrin (1% w/v 

solution in n-butanol), and by chlorine and starch-iodide (1% starch, 1% 

potassium iodide, w/v solution in water). When testing for purity, the loading of 

the plate was 0.7-1.0 mg.

For paper chromatography and electrophoresis the following selective stains

197were used according to the procedure recommended by Of ford.

(i) Cadmium-ninhydrin stain for amino groups

Solution A. 1% w/v ninhydrin in acetone, analytical reagent grade. 

Solution B. Cadmium acetate (1 g) dissolved in glacial acetic acid (100 ml) and 

water (50 ml). The chromatogram was dipped in a mixture of 100 volumes of A 

and 15 volumes of B and dried. Various colours are obtained depending to some 

extent on the N-terminal and sometimes the penultimate residues, i.e.

glycine, proline, cysteine - yellow

threonine, serine -, yellow-orange

asparagine - orange

others - red.
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Valine and isoleucine are slow to react and take between 18-24 hours for the 

colour (red) to reach its maximum intensity, 

(ii) a-Nitroso-p-naphthol stain for tyrosine

Solution A. a-Nitroso-(3-naphthol dissolved in acetone to give a 1% 

solution. Solution B. Fuming nitric acid added to acetone to give a 10% solution. 

The chromatogram was dipped in solution A, dried, dipped in solution B and after 

superficial diying (7-10 minutes) was warmed over a heating element. Tyrosine 

stained red while tryptophan gave a brown colour, 

(iii) Hydrazide reagent

Solution A. Ferric chloride (0.3M) in acetic acid (0.1M). Solution B. 

Potassium ferricyanide (0.2^) in acetic acid (0.1M)« The chromatogram was sprayed 

with a mixture of equal volumes of solutions A and B. Hydrazides gave an intense
v

blue colour.

High voltage electrophoresis was performed on Whatman chromatography

paper (Nos. 1 and 3MC) in glass tanks containing White Spirit 100 (Esso Ltd.)

199 essentially as described by Michl. The usual voltage gradient employed was

60-80 v/cm depending upon the size of paper used. The buffer compositions of the 

systems used were:

pH 6.5 Pyridine-acetic acid-water (25:1:225 v/v).

pH 1.9 2% Formic acid + 8% acetic acid in water (v/v). 

Measurement of electrophore tic mobilities was facilitated by the presence of a 

marker mixture spotted on the origin prior to running. The composition was as 

follows:
^

amino acids - lysine, histidine, arginine, aspartic acid, 

dyes - e-dimtrophenyl-lysine, xylene cyanol FF (FF), orange G, acid 

Fuchsin and Methyl green.
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Physical measurements

Melting points were determined with a Kofler hot-stage apparatus; they are 

uncorrected.

Optical rotations were measured on a Perkin-Elmer 141 automatic polarimeter 

(1 dm. cell).

Infra-red spectra were recorded on a Unicam SP1000 spectrophotometer. 

Ultra-violet spectra were determined on a Unicam SP800A spectrophotometer. 

Nuclear magnetic resonance spectra were recorded by Mrs. E. Richards on Perkin- 

Elmer RIO 60 MHz or R14 100 MHz spectrometers. 

Elemental analysis was carried out by Dr. F. B. Strauss.

Amino acid analyses were carried out on a Jeol JLC-5AH automatic analyser.

-4 
Normally 2x10 mg of peptide was hydrolysed in hydrochloric acid (6M, 1 «5-

2.0 m!) for 18-24 hours at 110 in vacuum. The residue obtained upon evaporation

was dissolved in hydrochloric acid (0.01^) to give solutions containing 50-100 nano-

moles per ml and were submitted for analysis.

The colour constant for N-methyl-L-phenylalanine was determined from a known

quantity (200 nanomole ml ) of unhydrolysed prepared sample.

Solutions in organic solvents were dried with magnesium sulphate or sodium sulphate.

Evaporations were carried out at room temperature on a rotary evaporator with either

a water or oil pump.

Solvents and reagents

Diethyl ether was stored over calcium chloride and filtered before use.

Dichloromethane and chloroform were passed through a column of alumina (grade H)
^

before use to remove traces of formaldehyde, ethanol, etc.
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Tetrahydrofuran and dioxan were passed through a column of alumina (grade H) 

before use and were tested for absence of peroxides by the starch-iodide reaction. 

For use with Amberlyst-15 and coupling reactions, dimethylformamide must be free 

from dimethylamine and formic acid. It was stirred overnight with solid potassium 

carbonate (to neutralise formic acid), filtered, refluxed over phthalic acid (5% by 

weight) for one hour, and distilled under nitrogen using a fractionating column at 

45 /15 mm, discarding the initial 5-10% of the distillate. The remainder was 

checked for amines by the fluorodinitrobenzene method of Stewart and Young, 

using their acceptability limits.

Triethylamine, N, N-di-isopropylethylamine and N-methylmorpholine were stored 

over potassium hydroxide and redistilled, rejecting the initial 5% distillate, 

b.p.s 89.7-89.9°, 30.2-30.5°/15mmand 115-116° respectively. 

Thionyl chloride was distilled from triphenyl phosphite (5% v/v), b.p. 78.8 . 

Pivaloyl chloride was distilled and the initial 5% distillate rejected, b.p. 105-6 . 

3-Bromopyridine was detected for traces of pyridine by thin layer chromatography 

[R-'s (E4) 0.63 and 0.50 respectively]. Any pyridine was removed by fractional 

distillation (pyridine, b.p. 32 /13 mm; 3-bromopyridine, b.p. 58.8 /13 mm). 

Amberlyst-15 resin was supplied in the H form. It was prepared for use by adding 

the resin (V ml) to an equal volume of dimethylformamide (standard reagent) and 

leaving for several days to extract coloured products. It was then poured into a 

column, drained and washed with 10V ml each of methanol, deionised water, sodium 

hydroxide (1.0^), water, methanol, sulphuric acid (0.5 ^), water and finally 

methanol. Each batch was titrated by adding an excess (25 ml) of sodium hydroxide 

(1 . OM) to 5 ml resin, stirring for 30 minutes, when 5 ml portions were back-titrated
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with hydrochloric acid (1. OM). The resin usually had a capacity of 1.75-1.85 

milliequivalents per ml. When required for use, the resin (V ml) was washed with 

ethyl acetate (3V ml) and saturated overnight with 3-bromopyridine in ethyl 

acetate (V ml, 20% v/v). Excess 3-bromopyridine was detected by thin layer 

chromatography (E4, ultra-violet light), and washed off the column with ethyl 

acetate (2V ml) and recovered by fractional distillation. The resin was then washed 

with the peptide application solvent.

t-Butoxycarbonyl azide was prepared from the corresponding hydrazide by the method

901 
of Carpino and redistilled at 17-20°/0.1 mm pressure. Yield 90-95%.

1 -Hydroxybenzotriazole was prepared by the method of Konig and Geiger.

m.p. 156-8°, yield 67% (lit. 171 m.p. 157°, yield 73%).

202 
N-Hydroxypiperidine was prepared by the method of Sabel by Mr. N e N. Fetter.

m.p. 34-7°, yield 78% (lit. 202 m.p. - 40°, yield 62%).
OAO

Diphenyldiazomethane was prepared by the method of Miller. m.p. 30 , yield

90%, v (CCIJ 2025 cm" 1 (lit. 203 m.p. 29-32°, yield 89%). max. 4

The following a-t-butoxycarbonyl amino acid derivatives were prepared by the method 

of Schnabel 177 by Mr. N. N. Fetter.

a-t-Butoxycarbonyl-L-alanine m.p. 81-3°, yield 86% (lit. 80-2°, yield 96%). 

a-t-Butoxycarbonylglycine m.p. 89-90°, yield 85% (lit. 177 88.5-90°, yield 90%). 

a-t-Butoxycarbonyl-L-phenylalanine m.p. 85-8 , yield 96% (lit. 84-6 , 91%). 

a-t-Butoxycarbonyl-L-proline m.p. 134-6°, yield 60% (lit. 177 136-7°, 96%). 

a-t-Butoxycarbonyl-O-benzyl-L-threonine was prepared by the method of Mizoguchi 

et a!., m.p. 113-4 , yield 66% (lit. m.p. 115-6 ). 

a-t-Butoxycarbonyl-O-benzyl-L-tyrosine was prepared by the method of Morley.
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m.p. 110-2°, yield 58% (lit. 205 m. p. 112-3°, yield 75%).

206 g-Benzyloxycarbonylglycine was prepared by the method of De Tar et al. by

Mr. No N. Fetter, m.p. 120° yield 80% (lit. m.p. 120°, yield 89%). 

^-Proline 4-picolyl ester dihydrobromide was prepared by the method of Gamble, 

m.p. 161-2°, yield 86% (lit. 150 m.p. 158-162°, yield 88%). 

g-Benzyloxycarbonyl-L-alanine 4-p?colyl ester was prepared by the method of 

Gamble, 150 m.p. 1 1 1 -113°, yield 54% (lit. 15° m.p. 1 11-112.5°, yield 64%). 

Piperidino-oxycarbonylglycine was prepared by the method of Stevenson, 

m.p. 118-119°, yield 75% (lit. 170 m.p. 119-20°, yield 80%). 

2-(p-Biphenylyl)-isopropyloxycarbonylglycine N-hydroxysuccinimide ester was a

generous gift from Dr. J. H. Jones207 Cm. p. 131-4°, v 1829, 1794, 1746 cm" ,max .

1725 cm" 1 shoulder (CHCI 3 ). T (CDClg) 2.3-2.8 (9H, complex, aromatic biphenyl), 

4.68 (1H, t, J 3 Hz, urethane NH), 5.78 (2H, q, J 3 Hz, CH 2), 7.26 (4H, s,

OC.CH 2 .CH 2 .CO), 8.20 (6H, s, CHg.C.CHg). C22H 22N 2°6 rec* u ' res C ' 64 ' 05; 

H, 5.5; N, 6.9%. Found: C, 64.4; H, 5.4; N, 6.8%].

Each operation of a generalised coupling reaction will now be outlined in 

greater detail than is practical for each individual coupling step. 

Removal of g-amino protection: "deprotection step"

t-Butoxycarbonyl has normally been used for a-amino protection and was 

removed by treatment with trifluoroacetic acid. The protected peptide was dissolved 

in refrigerated anhydrous trifluoroacetic acid (2-5 ml per mmole) and deprotection 

confirmed by thin layer chromatography (Gl and G3). After 15-30 minutes 

evaporation of the clear solution at 0.5-1 .0 mm usually gave a clear gum which on 

trituration with diethyl ether, to remove traces of trifluoroacetic acid, afforded the
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white trifluoroacetate salt. This was not characterised but used immediately for

the next stage.

Liberation of the amino component

When the coupling reaction was to be carried out in dimethylformamide, 

the salt of the amino component was dissolved in this solvent, excess (approximately 

four equivalents) triethylamine was added with cooling. After 10-15 minutes the 

excess triethylamine was removed at room temperature by rotary evaporation although 

prolonged evaporation was avoided to prevent loss of triethylamine from the triethyl- 

ammonium trifluoroacetate, regenerating the salt of the amino component. For 

coupling reactions in other solvents, usually tetrahydrofuran, it was found convenient 

to dissolve or suspend the salt cooled in chloroform and add the excess triethylamine; 

when solution was complete the solution was evaporated to dryness and the residual
<*.

amino component taken up in the required solvent.

For coupling reactions involving amino acid esters ordipeptide esters in 

which dioxopiperazine formation was an important side reaction, the salt was 

dissolved in the coupling solvent and the acylating agent and finally a slight excess 

of the hindered amine, N, N-di-isopropylethylamine, was added. 

Coupling reactions

In the majority of cases, N, N'-dicyclohexylcarbodi-imide and 1-hydroxy- 

benzotriazole have been used to facilitate the coupling reaction. Tetrahydrofuran 

and dimethylformamide were exclusively used as solvents; the former was preferred 

because of its greater volatility.

The ac/iaring amino acid, N,N'-dicyclohexyIcarbodi-imide and 1-hydroxy- 

benzotriazole were used in 1.05-1.25 molar proportions although in the case of
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highly hindered couplings, 1.5 molar proportions have been used. The "preactivation 

procedure" was used, the active ester was formed after one hour at 0 and a similar 

period at room temperature before the amino component was added. Active ester and 

mixed anhydride couplings have also been used successfully. The pH should be 

between four and five at this stage. An exceptionally low pH usually indicated that 

insufficient triethylamine had been used and this was overcome by the cautious 

addition of N, N-di-isopropylethylamine to the required pH. A high pH suggested 

incomplete removal of triethylamine and was corrected by removing the excess base 

by evaporation or by adding 1-hydroxybenzotriazole. The mixture was stirred at 

room temperature and the reaction followed by thin layer chromatography (E4 and G3) 

and the plates (HFoc^/q/,) examined by ultra-violet light and ninhydrin. The amino 

component was readily observed by its immediate reaction with ninhydrin at room
*.

temperature to give a distinctive yellow colour. a-t-Butoxycarbonyl amino acids

and peptides usually gave a purple colour with ninhydrin on heating to 100 in an

oven. The reaction was continued until thin layer chromatography revealed no amino

component (sensitivity 0.1-0.2%) usually within one hour of addition of the amino

component.

Isolation: (i) Citric acid

The citric acid procedure was found to be extremely convenient and gave 

high yields but its application was limited to cases in which the protected 4-picolyl 

ester (i) partitions successfully between aqueous citric acid and a water immiscible 

organic solvent, and (ii) could be extracted from the basified layer into an organic

solvent. In some cases it was possible to purify hexapeptides by this method though

^ 
many protected peptides were too lipophilic.



106

In this method an equal volume of analar ethyl acetate was added to the 

coupling mixture which was stirred for one hour at 0 . The dicyclohexylurea and 

1-hydroxybenzotriazole were filtered, washed with more ethyl acetate and the 

combined filtrate was evaporated to give an oil or foam. The residue was taken up 

in a water-immiscible solvent, usually diethyl ether or ethyl acetate and repeatedly 

extracted with equal volumes of citric acid (O./M) until no product remained in the 

organic layer (thin layer chroma tog raphy E4 and G3). The combined aqueous 

fractions were then basified with solid sodium hydrogen carbonate to pH 8.5 and 

the product was extracted into ethyl acetate (occasionally dichloromethane or 

chloroform). The final organic solutions were washed with brine (sodium citrate is 

slightly soluble in wet ethyl acetate), dried and evaporation gave the protected 

peptide in yields of 85-98%. 

(I?) Amberlyst-15 Method

The isolation on Amberlyst-15 (saturated with 3-bromopyridine) was 

advantageous in that it could be applied to every coupling reaction so far examined 

and where the citric acid method was inappropriate this method was extremely 

satisfactory. Yields were, perhaps slightly lower than the citric acid methods, in 

general 80-95%.

The exchange of the picolyl ester for 3-bromopyridine on the resin appeared 

to be rather slow, and although it was convenient to use columns of resin, the 

procedure was essentially batch-wise. The preferred solvent for application to the 

column was ethyl acetate but dichloromethane, chloroform and dimethylformamide 

have been used. The dicyclohexylurea and 1-hydroxybenzotriazole were removed

4

as before in the citric acid procedure and the oil or foam formed on evaporation was
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taken up in ethyl acetate if possible, or dichloromethane, chloroform or mixtures 

thereof, and washed with saturated sodium hydrogen carbonate, to remove traces 

of 1-hydroxybenzotriazole, water, to remove salts which reduce the capacity of 

the column, brine and dried. The solution could then be applied to the Amberlyst-15 

(3-bromopyridinium form, 20% v/v, approximately 15 ml prepared resin per 1 milii- 

equivalent of protected peptide picolyl ester). If the product was not soluble in 

any of these organic solvents, the washings could be carried out on the residue from 

evaporation; the final residue was dried at 1 mm pressure and then taken up in 

dimethylformamide for application to the column.

The product was applied to the column in a minimum volume and rocked for 

about one hour until thin layer chroma tog raphy (E4 and G3) indicated complete 

absorption. Contaminants were washed off by means of the application solvent which
V

was continued until no more contaminant was detected in the eluate by thin layer 

chromatography which also detected any loss of product. The application to the resin 

and subsequent washes have now been automated and batches of resin (15-100 ml) 

have been successfully treated. The product was then eluted by a mixture of 

refrigerated pyridine (analar) in dimethylformamide (40% v/v), to prevent any 

removal of protecting groups by localised liberation of heat, such as piperidino- 

oxycarbonyl. The eluate was evaporated to dryness at 1 mm pressure and the residue 

was triturated with diethyl ether, or precipitated from an organic solvent by diethyl 

ether or 40/60 petroleum ether, to remove traces of 3-bromopyridine. 3-Bromo- 

pyridine could be extracted from highly lipophiljc products by water. The products 

obtained were normally pure by elemental and amino acid analysis.
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2,4,5-Trichlorophenyl chloroformate

179 This was prepared by the method of Morley. 2,4,5-TrichIorophenol

(125 g, 0.63 mole) was partly dissolved in toluene (250 ml) to form a thick slurry 

and was added to a mechanically stirred solution of phosgene (100 g, 72 ml, 

1.0 mole) in toluene (50 ml) at -30°. N, N-Dimethylaniline (77.5 g, 0,64 mole) 

was added at such a rate that the reaction temperature was maintained between 

5-10 . As the base was added, trichlorophenol first dissolved to give a clear 

solution, then dimethyianiline hydrochloride precipitated. The mixture was stirred 

at room temperature overnight. Ice-water (100 g) was added to the reaction mixture, 

cooled in a methanol-solid carbon dioxide bath, and stirred cautiously. The mixture 

was filtered from a small quantity of bis-(2,4,5-trichlorophenyl)carbonate. The 

organic layer in the filtrate was separated, washed with brine (75 ml) and dried and 

evaporated to yield crude, solid 2,4,5-trichlorophenyl chloroformate (158 g, 96%)

of m.p. 61.5-63.5 and v (CCI.) 1790cm . Bis-(2,4,5-trichlorophenyI) r max .4

carbonate had m.p. 169-172 and v (CCI .) 1795 cmr max. 4

Piperidino 2,4,5-trichlorophenyl carbonate

To a stirred solution of crude 2,4,5-trichlorophenyl chloroformate (52 g, 

0.2 mole) in dichloromethane (200 ml) cooled to -10 was added dropwise a solution 

of 1-hydroxy pipe rid ine (20.2 g, 0.2 mole) in dichloromethane (60 ml). N,N- 

Dimethylaniline (25 ml, 24.2 g, 0.2 mole) was added dropwise to the mixture 

keeping the reaction temperature between -15 and -10 with stirring for a few 

minutes. The solution was immediately washed with hydrochloric acid (2^, 200 ml) 

and filtered from a small quantity of precipitate. The organic layer was washed with 

saturated sodium hydrogen carbonate (2 x 100 ml)/ brine (2 x 100 ml), dried and
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oevaporated to give the mixed carbonate (60.5 g, 93%) as a white solid of m.p. 94-97'

and v (CCM 1795 cm" 1 . C 10H 10NO~CL requires C, 44.4; H, 3.73; N, 4.32; max. 4 l ^ I ^ <j o

Cl, 32.77%. Found: C, 44.67; H, 3.98; N, 4.31; Cl, 32.91%.

Stevenson obtained a yield of 60% after recrystallisation from ethyl

acetate-petroleum ether with m.p. 97-8°. and v (CCI J 1790 cm" .
max. 4

e-Benzy loxycarbony I -L-1 y sine

^-lysine hydrochloride (36.6 g, 0.2 mole) was dissolved in water (90 ml) and 

warmed until the solution was just boiling. Copper sulphate pentahydrate (26.0 g, 

0.14 mole) was added giving an immediate dark blue colour. Concentrated sodium 

carbonate solution was added to neutralise the sulphuric acid produced and the dark 

blue solution was filtered from a trace of precipitate. The solution was brought to 

pH 10.0 with sodium hydroxide (2M) and cooled to 0 in an ice/salt bath. Benzyl 

chloroformate (40 ml, 0.25 mole) was added slowly but with vigorous stirring over 

1 hour maintaining the solution at pH 10.0 and 0 . Stirring was continued for an 

additional hour at room temperature. The light-blue complex was filtered and 

washed with ice-cold water followed by ice-cold ethanol.

The light-blue complex was boiled with an aqueous solution of ethylene- 

diamine-tetra-acetic acid disodium salt (93 g, 0.25 mole) until the colour of the 

solution disappeared. The solution was cooled, filtered and the process repeated 

with fresh reagent leaving a white solid. Any last trace of copper ion was removed 

by passing hydrogen sulphide through a boiling 30% aqueous acetic acid solution 

containing the product while maintaining vigorous stirring. The hot solution was 

quickly filtered to remove copper sulphide and the crude product crystallised on 

cooling. e-Benzy loxycarbony 1-L-lysine (35 g, 55%) was re crystallised from the



no

minimum quantify of 30% aqueous acetic acid and washed with ice-cold water. 

° 0 °m. p. 246-8, R p (G4) 0.67; R p (M)0.75; R p (A2) 0.35. U +15.8 (c 2.0

in 2MHCI) [lit. 176 m.p. ca. 235°, [a +14.0 (c 2.86 in dil.HCIJJ.

g-t-Butoxycarbonyl-e-benzyloxycarbonyl-L-lysine

e-Benzyloxycarbonyl-L-lysine (17.3 g, 0.062 mole) was dissolved in 50% 

aqueous dioxan (100 ml) at 30-35 and brought to pH 10.2 with sodium hydroxide 

(4M) on a "pH stat" . t-Butoxycarbonyl azide (12 g, 0.08 mole) was added and the 

mixture stirred at 30 and pH 10.2 for 24 hours, when t.l.c. (E4, G3) indicated 

that the reaction was complete. The reaction mixture was extracted with diethyl 

ether (3 x 50 ml), cooled Jo 0 and acidified to pH 3.5 wifh solid citric acid. The 

product was extracted with ethyl acetate (4 x 75 ml) and the combined organic 

phases washed with water (2 x 100 ml), brine (2 x 150 ml), dried and evaporated

to give a-t-butoxycarbonyl-e-benzyloxycarbonyl-L-lysine (21 .3 g, 91%) as a

178chromatographically pure colourless oil. R p (G3) 0.85, Rp (Gl) 0.90 [lit.

yield 62%].

a-t-Butoxycarbonyl-L--lysine

a-t-Butoxycarbonyl-e-benzyloxycarbonyl-L-lysine (55 g, 0.145 mole) was 

dissolved in 80% aqueous ethanol (250 ml) with 5% palladium on charcoal (5 g). 

Hydrogenation at atmospheric pressure was carried out for 5 hours when t.l.c. (G3) 

indicated that the reaction was complete. The mixture was filtered through Celite 

which was washed with ethanol (50 ml), 50% aqueous ethanol (50 ml) and water 

(50 ml). The filtrate and washings were evaporated to dryness giving a white foam. 

The foam was taken up in warm ethanol (200 ml), filtered hot and allowed to
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crystallise. The white solid formed on standing at -20 was filtered, washed with 

diethyl ether to give g-t-butoxycarbonyl-L-lysine (29.1 g, 83.2%) of m.p. 205-7°, 

R p (A2)0.36; R F (G1)0.11. [al^1 -9.24° (c 1.13 in HAc); [a] 22 +22.0° (c 1.11 

in MeOH). C ] ^^O^ requires C, 54.64; H, 9.00; N, 11.37%. Found: 

C, 54.65; H, 9.01; N,11.28% [lit. 208 m.p. 204-5°, 201.5-203°, Ed 21 -10.7° 

(c 0.85 in HAc)].

a-t-Butoxycarbonyl-e-p?per?d?no-oxycarbonyl-L-lysine dicyclohexylammonium salt

a-t-Butoxycarbonyl-^-Iysine (23.5 g, 0.0955 mole) was suspended in dimethyl- 

formamide (100 ml) and 1,1,3,3-tetramethylguanidine (12.5 ml, 0.0955 mole) was 

added dropwise. Piperidino 2,4,5-trichlorophenyl carbonate (45.1 g, 0.143 mole) 

was added slowly over 1.5 hours to the solution. T.l.c. (E4, G3) indicated that the 

reaction was complete after stirring for 4 hours at room temperature. The solution 

was evaporated and the residue taken up in chloroform (200 ml). The solution was 

washed with citric acid (0.7^, 3 x 200 ml), brine (2 x 100 ml) and evaporated to 

give a light brown oil which was taken up in sodium hydroxide (0.6^, 300 ml) and 

washed with dichloromethane (3 x 200 ml). The aqueous layer was acidified at 0 

with solid citric acid to pH 3.5 and the liberated oil extracted with ethyl acetate 

(3 x 200 ml). The combined extracts were washed with water (2 x 50 ml), brine 

(2 x 50 ml) and dried. T.l.c. (E4, G3) detected a single ninhydrin spot contaminated 

by a trace of 2,4,5-trichlorophenol. Evaporation gave the crude product as a white 

foam which was taken up in diethyl ether (75 ml); dicyclohexyfamine (19 ml, 

0.0955 mole) in diethyl ether (50 ml) was added. Cooling overnight at -20 gave a 

white precipitate which was recrystallised from propan-2-ol to give g-t-butoxy- 

carbonyl-e-piperidino-oxycarbonyl-L-lysine dicyclohexylammonium salt (35.9g, 68%)
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as a chroma tographically pure white powder of m.p. 135-6 , R (A2) 0.68; 

R F (Gl) 0.92; R p (G3) 0.80; R p (N) 0.67, [a]^0 +8.3° (c 1.07 in MeOH). 

C 29H 54N4°6 recl ulres C ' 62.80; H, 9.75; N, 9.90%. Found: C, 63.03; 

H, 9.88; N, 9.75. T (CDCy -0.3 (1H, s, CO^), 3.2 (1H, t, pipoc Nhl), 

4.7 (1H, complex, t.Boc NH_), 5.7 (1H, complex, NH.CIH.CC^H), 6.6-6.9 (4H, 

complex, piperidino 2- and 6- protons), 7.1-7.5 (2H, complex, .ChU.NH.CO. O),

7.9-9.0 (12H, complex, piperidino 3-, 4-, 5-protons; lysyl NH. (ChLL.CH), 8.5—' z. o

(9H, s, (CH3 )3C.).

Synthesis of the protected natural octapeptide

L-Alanine 4-pJcolyl ester dihydrobromide

This was prepared in an analogous manner to that of other 4-picolyl ester 

dihydrobromides. a-Benzyloxycarbonyl-L-alanine 4-picolyl ester (9.0g, 

2.86 mmole) was dissolved in glacial acetic acid (15 ml) and a solution of hydrogen 

bromide in acetic acid (45 ml; 45% w/v) was added slowly with extensive stirring. 

After 1 hour, dieihyl ether (200 ml) was added and the precipitate was collected 

as a white sticky solid, washed with more diethyl ether (3 x 200 ml) and recrystallised 

from aqueous acetone giving the 4-picolyl ester dihydrobromide (9.07 g, 96.5%) as

white crystals of m.p. 165-7°, R (G4) 0.73; R F (H) 0.45, solvents (E4), (Gl),
on 

(G3) and (A2) gave streak R p 0.20-0.30, U^ +2.03° (c 1 in Me^CHO).

CJ-U N O2 Br requires C, 31.6; H, 4.1; N, 8.2; Br, 46.8%. Found: C, 31.48; 

H, 3.91; N, 7.97; Br, 46.49%. T (D 2 <D) 1.25 (2H, d, pyridyl 2- and 6-protons), 

1.90 (2H, d, pyridyl 3- and 5-protons), 4.35 (2H, s, pyridyl .C]j 2 O), 5.32 (1H,

a, NH 0tcH.(CHj.CO)and 8.30 (3H, d, NH QtcH(CHj.CO). ~ o —- *J o — 3
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a--t-Butoxycarbonyl--e-piperidIno-oxycarbonyl-l..-lysyl-l--alan?ne 4-picolyl ester (21)

a-t-Butoxycarbonyl-e-piperidino-oxycarbonyl-L-Iysine dicyclohexylammonium 

salt (13.2 g, 24 mmole) was partitioned between citric acid (0.7M, 250 ml) and ethyl 

acetate (250 ml). The aqueous layer was re-extracted with ethyl acetate (2 x 100 ml) 

and the combined organic fractions washed with water (2 x 50 ml), brine (2 x 50 ml) 

and dried. Evaporation gave the free acid as a chromatographically pure oil (8.95 g, 

24 mmole).

a-t-Butoxycarbonyl-e-piperidino-oxycarbonyl-JL-Iysine (8.95g, 24 mmole) 

and 1-hydroxybenzotriazole (3.67g, 24 mmole) were dissolved in tetrahydrofuran 

(50 ml). N, N'-Dicyclohexylcarbodi-imide (4.95 g, 24 mmole) was added and the 

mixture stirred atjD for 1 hour and room temperature for 1 hour.

L-Alanine 4-picolyl ester dihydrobromide (6.84 g, 20 mmole) was suspended 

in chloroform (50 ml) at 0 , N, N-di-isopropylethylamine (7 ml, 40 mmole) was 

added; the solution was evaporated to an oil and taken up in tetrahydrofuran (20 ml) 

and added to the acylating mixture. T.l.c. (E4, G3) indicated that the reaction was 

complete within 3 hours. Isolation by the citric acid procedure gave the protected 

dipeptide (21) (9.86 g, 95.4%) as a chromatographically pure, white foam of 

m.p. 29-30°, R p (E4) 0.59; R p (Gl) 0.92; R p (G3) 0.93; R p (A2) 0.47; R p (H) 0.79,

[a]^9 -16.2°; [d^ -16.5°; U^ -18.4°; W^-31.70; U -52.8° (c 1 .07

in CHCL). C^H^NLCX requires C, 58.30; H, 7.72; N, 13.08%. Found: 
J 2.Q 41 5 /

C, 58.31; H, 7.81; N, 12.97%. Amino-acid analysis gave Lys, 1.00; Ala, 1.00. 

Based on Ala = 1.00. T (CDCIg) 1.41 (2H, d, pyridyl 2- and 6-protons), 2.76 (2H, 

d, pyridyl 3- and 5-protons), 3.06 (1H, peptide NjH), 3.30 (1H, complex, piperidino-

oxycarbonyl NH), 4.76 (1H, urethane NH), 4.81 (2H, s, pyridyl. ChL.O), 5.38 (1H, / — — — £
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complex, NH.CH.(CHJ.), 5.90 (1H, quartet, J 8 c/sec, NH.CH.CHj, 6.80
— 2. 4 — o

4H, complex, piperidino 2- and 6-protons), 7.31 (2H, complex, lysyl.CH^.NH.CO.)/ 

8.0-8.9 (12H, complex, piperidino 3-, 4- and 5-protons, lysyl CH^CH^.CH), 

8.50 (3H, d, J 8 c/sec, CH.CIJ 3 ), 8.56 (9H, s, (CjJ3 )3C.).

a-t-Buroxycarbonyl-L-prolyl-e-piperidino-oxycarbonyl-L-lysyl-L-alanlne 4-picolyl 

ester (22)

a-t-Butoxycarbonyl-L-proline (6.76 g, 24.4 mmole) was dissolved in tetra- 

hydrofuran (50 ml) and 1 -hydroxybenzotriazole (3.81 g, 24.4 mmole) followed by 

N, N'-dicyclohexylcarbodi-imide (5.02g, 24.4 mmole) was added. This acylating 

mixture was stirred at 0 for 1 hour and 1 hour at room temperature.

The dipeplide (21) (0.82 g, 17 mmolo) was shaken in hifluoioacolic acid 

(45 ml, 600 mmole) for 20 minutes in an ice-bath and evaporated to a clear oil. 

Trituration with diethyl ether gave a white solid which was dissolved in tetrahydro- 

furan (20 ml) and added to the previously activated mixture. The solution was 

brought to pH 8 with N, N-di-isopropylethylamine (12 ml, 69 mmole) and stirred at 

room temperature. T.l.c. (E4, G3) indicated that the reaction was complete within 

1 hour. Extraction by the citric acid procedure gave the protected tripeptide (22)

(9.77 g, 94.5%) as a chromatographically pure white foam of m.p. 45-47 , R_ (E4)

on 
0.43; R p (Gl) 0.78; R p (G3) 0.72; R p (G4) 0.82; R p (A2) 0.55, [aJ 589 -65.0°;

[a]^8 -68.4°; EaJ^6 -78.0°; CaT^ -140.5°; U -233.0 (c 0.94 in CHCLj).

C ,H oN,(X requires C, 57.76; H, 7.58; N, 12.85%. Found: C, 58.05; 
31 48 6 6

H, 7.96; N, 12.87%. Amino-acid analysis gave Pro, 1.02; Lys, 1.03; Ala, 1.00. 

Based on Ala = 1 .00. T (CDCy 1 .41 (2H, d, pyridyl 2- and 6-protons), 2.75 (2H, 

d, pyridyl 3- and 5-protons), 3.05 (1H, peptide, NH_), 3.24 (1H, complex,
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piperidino-oxycarbonyl NH_), 4.80 (2H, s, pyridyl.CH^ O), 5.40 (1H, complex,

NH.CH.(CH 9).), 5.80 (2H, complex, NH.CH.CO,; NH.CH.CHJ, 6.5 (2H, 
z. 4 — — o

complex, prolyl N.ChU.CrO, 6.82 (4H, complex, piperidino 2- and 6- protons), 

7.30 (2H, complex, lysyl .CH^ NH.CO. ), 8.0-8.9 (16H, complex, piperidino 3-, 

4- and 5-protons; lysyl (CH^.CH.; prolyl .(CH^.CH), 8.50 (3H, d, J 8 c/sec, 

CH.CHJ, 8.56 (9H, s,

g-t-Butoxycarbonyl- O-benzyl-L-threonyl-L-prolyl-e-piper?dino-oxycarbonyl-JL- 

lysyl-L-alanine 4-picolyl ester (23)

a-t-Butoxycarbonyl-O-benzyl-^-threonine (5.56 g, 18 mmole) and 1-hydroxy- 

benzotriazole (2.84 g, 18 mmole) were dissolved in tetrahydrofuran (50 ml). N,N'- 

Dicyclohexylcarbodi-imide (3.71 g, 18 mmole) was added and the acylating mixture 

stirred at 0 for 1 hour and room temperature for 1 hour.

The tripeptide (22) (9.5 g, 15 mmole) was shaken with trifluoroacetic acid 

(40 ml, 520 mmole) for 20 minutes at 0 and evaporated to give a colourless oil. 

Trituration with diethyl ether gave a white solid which was dissolved in tetrahydro­ 

furan (25 ml) and added to the acylating mixture. N, N-di-isopropylethylamine 

(5.35 ml, 30 mmole) was added to bring the solution to pH 8 which was stirred for 

1 hour at room temperature when t.l.c. (E4, G3) indicated that the reaction was 

complete. Isolation as before by the citric acid procedure gave the protected terra - 

peptide (23) (11.1 g, 90.6%) as a chromatographically pure, white foam of 

m.p. 57-59°, R p (E4) 0.44; R p (Gl) 0.88; R p (G3) 0.76; R p (G4) 0.80; R p (A2)

^ ^ rv^ ., O u rl 20 _o r ,20 n o rl 20 o M 20 , „ *o 
0.52, to!539 "41 - 8 ' Ca] 578~44 ' 5 ; to"546 ' ^436 ' 365"

(c 1.13 inCHCI 3 ). C42H 61 N 701() requires,C, 61.2; H, 7.40; N, 11.90%. 

Found: C, 61.42; H, 7.66; N, 11.65%. Ammo-acid analysis gave Thr, 0.99; 

Pro, 0.99; Lys, 1.04; Ala, 1.00. Based on Ala = 1 .00.
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g-t-Butoxycarbony I- O-benzy 1-L -fy rosy I - O-benzy 1 -j=.-threony I -L-pro ly I -e- 

piper?dino-oxycarbonyl-L-lysyl-L-alan?ne 4-p?colyl ester (24)

a-t-Butoxycarbonyl-O-benzyl-^-tyrosine (4.02 g, 10.8 mmole) and 

1-hydroxybenzotriazole (1 .65 g, 10.8 mmole) were dissolved in tetrahydrofuran 

(20 ml). N,N'-Dicyclohexylcarbodi-imide (2.23 g, 10.8 mmole) was added and 

the mixture stirred at 0 for 1 hour and at room temperature for 2 hours.

The tetrapeptide (23) (7.40 g, 9.0 mmole) was shaken in trifluoroacetic 

acid (40 ml, 520 mmole) for 20 minutes at 0 and the solution was evaporated to 

give a slightly yellow oil. Trituration with 30-40 petroleum ether gave a white 

solid which was dissolved in chloroform (50 ml). The solution was cooled to 0 and 

triethylamine (6.0 ml, 44 mmole) added; evaporation gave a yellow oil which was 

dissolved in tetrahydrofuran (25 ml) and added to the acylating mixture. T.l.c. 

(E4, G3) indicated that the reaction was complete within 1 hour and isolation by 

the citric acid procedure gave the protected pentapeptide (24) (9.84 g, 96.4%) as a 

chromatographically pure, white powder of m.p. 72-74 , R F (E4) 0.47; R- (Gl)

0.95; R p (03)0.73; R p (A2) 0.65, Cc -30.7°; [d -31 .6°; U -36.0°;

Ca]436~65 ' l0; C 5 -108.5 (c 1.19inCHCI3 ). C^H^NgO^ requires

C, 64.66; H, 7.11; N, 10.40%. Found: C, 64.38; H, 7.20; N, 10.20%. 

Amino-acid analysis gave Tyr, 0.99; Thr, 0.99; Pro, 1.00; Lys, 1.04; Ala, 1.00, 

Based on Ala = 1 .00.

a- 1- Bu toxy carbony I -L-pheny la lany I - O-benzy 1 -L-ty rosy I - O-benzy I -L-th reony I ~^- 

prolyl-e-piperidino-oxycarbonyl-L-lysyl-L-alanme 4-picolyl ester (25)

a-t-Butoxycarbonyl-L-phenylalanine (0.636 g, 2.4 mmole) and 1-hydroxy­ 

benzotriazole (0.367g, 2.4 mmole) were dissolved in tetrahydrofuran (15 ml).
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N,N'-Dicyclohexylcarbodi-imide (0.494 g, 2.4 mmole) was added and the mixture 

stirred at 0 for 1 hour and 1 .5 hours at room temperature.

The pentapeptide (24) (2.152 g, 2.0 mmole) was shaken in trifluoroacetic 

acid (10 ml, 130 mmole) for 15 minutes at 0° and evaporated to give an oil. 

Trituration with diethyl ether gave a white solid which was dissolved in chloroform 

(20 ml). The solution was cooled to 0° and triethylamine (1.12 ml, 8.0 mmole) 

added; evaporation gave a semi-solid which was dissolved in tetrahydrofuran (5 ml) 

and added to the activated mixture. T.l.c. (E4, G3) indicated that the reaction 

was complete after 25 minutes. Isolation by the Amberlyst 15 (3-bromopyridinium 

form) procedure gave the protected hexapeptide (25) (2.20 g, 90%) as a chromato- 

graphically pure, white powder of m.p. 99-100°, R (E4) 0.61; R (Gl) 0.97; 

R p (03)0.90; R p (A2) 0.69, U^9 -32.4°; [^-34.2°; Ed ̂  -38.9°;

Ca3 436 ~68 ' 7°; [a]365 - 114 '°° (c K05 in CHClg). C67H 85 N 9 O13 - H 2 O ^quires

C, 64.75; H, 7.06; N, 10.12%. Found: C, 64.71; H, 6.97; N, 10.16%. 

Amino-acid analysis gave Phe, 1.02; Tyr, 0.95; Thr, 0.97; Pro, 1.00; Lys, 0.98; 

Ala, 1 .00. Based on Ala = 1 .00.

a-t-Butoxycarbonyl-L-phenylalanyl-j= -phenylalanyl-O-benzyl-L-ryrosyl- O -benzyl- 

L-threonyl-L-prolyl-e-piperidino-oxycarbonyl-L-lysyl-L-alanine 4-picolyl ester (26)

a-t-Butoxycarbonyl-L-phenylalanine (0.318g, 1.2 mmole) and 1-hydroxy- 

benzotriazole (0.172 g, 1 .2 mmole) were dissolved in tetrahydrofuran (10 ml). 

N,N'-Dicyclohexylcarbodi-imide (0.247g, 1.2 mmole) was added and the mixture 

stirred at 0 for 1 hour, and 2.5 hours at room temperature.

The hexapeptide (25) (1 .224 g, 1 .0 mmole) was shaken in trifluoroacetic 

acid (5 ml, 65 mmole) for 20 minutes at 0 and evaporated to give a yellow oil.
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Trituration with diethyl ether gave a white solid which was dissolved in chloroform 

(10 ml). The solution was cooled to 0 and triethylamine (0.55 ml, 4.0 mmole) 

added; evaporation gave a solid which was dissolved in tetrahydrofuran (5 ml) and 

added to the activated mixture. The solution was stirred at room temperature for 

1 hour. T.I.c. (E4, G3) indicated that the reaction was complete after 20 minutes. 

Ethyl acetate (15 ml analar) was added and the solution stirred at 0° for 1 hour. A 

non-filterable gel was formed which did not go into solution when more ethyl acetate 

was added. The gel was evaporated to dryness and dimethylformamide (50 ml) and 

ethyl acetate (50 ml analar) added. This mixture was stirred at 0 for 1 hour. The 

dicyclohexylurea was filtered, washed with cooled ethyl acetate and the filtrate 

evaporated to an oil. The oil was taken up in ethyl acetate (50 ml) and washed 

with saturated sodium hydrogen carbonate (3 x 25 ml), water (2 x 25 ml), brine 

(2 x 25 ml) and dried overnight. A solid gel was formed which was evaporated until 

dryness and the heptapeptide taken up in dichloromethane (50 ml) and filtered. 

Isolation by the Amberlyst 15 (3-bromopyridinium form) procedure gave the protected 

heptapeptide (26) (1 .207 g, 88.1%) as a chromatographically pure, white powder of

,om.p. 129-131°, R p (E4) 0.66; R p (Gl) 0.87; R p (G3) 0.87; R p (A2) 0.67,

81 '^ C4°5 -137 ' 8° 

(c 1.07inCHCl3 ). C76H 94N 100U -H 2 0 requires C, 65.60; H, 6.92; N, 10.01%.

Found: C, 65.77; H, 7.12; N, 10.28%. Amino-acid analysis gave Phe, 2.09; 

Tyr, 0.94; Thr, 0.92; Pro, 0.99; Lys, 1-03; Ala, 1.00. Based on Ala = 1.00.

a- Benzyloxycarbonylglycyl-L-phenylalanyl-L-phenylalanyl-O-benzyl-L-tyrosyl-O- 

benzyl-L-threonyl-L-prolyl-e-p?perId?no-oxycarbonyl-L-lysyl-j.-alanine 4-picolyl

ester (8)

a-Benzyloxycarbonylglycine (126 mg, 0.6 mmole) and 1 -hydroxybenzotriazole
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(92 mg, 0.6 mmole) were dissolved in tetrahydrofuran (5 ml). N, N'-Dicyclohexyl- 

carbodi-imide (124 mg, 0.6 mmole) was added and the mixture stirred for 1.5 hours 

at 0 and 1 hour at room temperature.

The heptapeptide (26) (686 mg, 0.5 mmole) was shaken in trifluoroacetic 

acid (2 ml, 26 mmole) for 20 minutes at 0 and evaporated to give a thick oil. 

Trituration with diethyl ether gave a white solid which was dissolved in chloroform 

(10 ml). The solution was cooled to 0 and triethylamine (0.275 ml, 2 mmole) 

added; evaporation gave a solid which was dissolved in tetrahydrofuran (5 ml) and 

added to the activated mixture. T.l.c. (E4, G3) indicated that the reaction was 

complete within 20 minutes and the product was isolated by the Amberlyst 15 

(3-bromopyridinium form) procedure to give the protected octapeptide (8) (652 mg, 

90%) as a chroma tographically pure, white powder of m.p. 114-116 , R p (E4) 0.67;

R p (G3)0.97; R p (G4) 0.90; R p (A2) 0.65, Ea] o -40.3°; U -42.40°;

° °Ed 6 -48.7; [aT 6 -87.6; Eal -147.0 (c 0.67 in CHCI 3). C^ 

requires C, 64.80; H, 6.60; N, 10.28%. Found: C, 64.81; H, 6.57; N, 10.56%, 

Amino-acid analysis gave Gly, 1.01; Phe, 1.95; Tyr, 0.96; Thr, 0.90; Pro, 0.99; 

Lys, 1.01; Ala, 1.00. Based on Ala = 1 .00.

Synthesis of protected L-alanine analogues

a-t- Butoxy carbony I-L-aIany I - O-benzy I -j^-iy rosy I - O-benzyl-L-threonyl-l.-prolyl- 

e-pIperidino-oxycarbonyl-L-lysyl-L-alanine 4-picolyl ester (27)

a-t-Butoxycarbonyl-L-alanine (0.454 g, 2.4 mmole) and 1-hydroxybenzo- 

triazole (0.336 g, 2.4 mmole) were dissolved in tetrahydrofuran (15 ml). N,N'- 

Dicyclohexylcarbodi-imide (0.494 g, 2.4 mmole) was added and the mixture stirred
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at 0 for 45 minutes and room temperature for 1.5 hours.

The pentapeptide (24) (2.152 g, 2.0 mmole) was shaken in trifluoroacetic 

acid (10 ml, 130 mmole) for 20 minutes at 0° and evaporated to give an oil. 

Trituration with diethyl ether gave a white solid which was dissolved in tetrahydro­ 

furan (10 ml). The solution was cooled to 0° and triethylamine (1.1 ml, 8 mmole) 

added; evaporation gave a colourless oil which was taken up in tetrahydrofuran 

(10 ml) and added to the activated mixture. The reaction was complete after over­ 

night stirring at room temperature and isolation by the Amberlyst 15 (3-bromopyridinium 

form) procedure gave the protected hexapeptide (27) (2.0 g, 87.1%) as a chromato- 

graphically pure, white powder of m.p. 87-90°, R (E4) 0.66; R c (G3) 0.87;

R p (A2)0.55; R p (N) 0.76, [a -36.7°; [a3 -38.3°; [cJ -44.0°;

Ca3 436 ~78 ' 7°; ^365 " 132 - 6° (c K02 in CHCI 3 ). col H 81 N 9 O13 requires C, 63.80; 

H, 7.12; N, 10.95%. Found: C, 63.51; H, 7.36; N, 10.81%. Amino-acid 

analysis gave Ala, 2.00; Tyr, 0.96; Thr, 0.90; Pro, 1.01; Lys, 1.02. Average 

value taken.

a-t-Butoxycarbonyl-L-phenylalanyl-L-alanyl- Q-benzy I - L-tyrosy I - O- benzyl -L - 

threonyl-L-prolyl-e-piperidino-oxycarbonyl-L-lysyl-Js-alanine 4-pIcolyl ester (28)

a-t-Butoxycarbonyl-L-phenylalanine (0.271 g, 1.02 mmole) and 1-hydroxy- 

benzotriazole (0.157g, 1.02 mmole) were dissolved in tetrahydrofuran (10 ml). 

N,N'-DicycIohexylcarbodi-imide (0.210g, 1.02 mmole) was added and the mixture 

stirred at 0 for 1 hour and at room temperature for 1.5 hours.

The hexapeptide (27) (0.976 g, 0.85 mmole) was shaken in trifluoroacetic 

acid (3 ml, 39 mmole) for 20 minutes at 0 and evaporated to give an oil. Trituration 

with diethyl ether gave a white solid which was dissolved in tetrahydrofuran (10 ml).
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The solution was cooled to 0 and triethylamine (0.47 ml, 3.3 mmole) added; 

evaporation gave a colourless oil which was taken up in tetra hydro furan (5 ml) and 

added to the activated mixture. T.l.c. (E4, G3) indicated that the reaction was 

complete within one hour and isolation by the Ambcrlyst 15 (3-bromopyridInium 

form) procedure gave the pro Ice led hcprapeptide (20) (0.927 g, 83.5%) as a 

chromatographically pure, white powder of m.p. 128-9°, R (E4) 0.60; R (G3) 

0.77; R p (G4)0.89; R p (A2) 0.51; R p (N) 0.92, [d^0 -28.3°; fcd^g -32.2°;

[aJ^6 -36.8°; ^-65.4°; [ -110.0° (c 1 .03 in CHCIg).

requires C, 64.4; H, 6.90; N, 10.71%. Found: C, 64.23; H, 7.11; N, 10.71%, 

Amino-acid analysis gave Ala, 2.00; Phe, 1.03; Tyr, 0.98; Thr, 0.92; Pro, 0.99; 

Lys, 1.02. Average value taken.

g-Benzyloxycarbonylglycyl -L-phenylalanyl-L-alanyl - O-benzy I -L-ty rosy I - O- 

benzyl-L -threonyl-L -prolyl-e-piperidino-oxycarbonyl -L -lysyl-^ -alanine 4-pJcolyl 

ester (11)

a-Benzyloxycarbonylglycine (163 mg, 0.78 mmole) and 1-hydroxybenzo- 

triazole (119 mg, 0.78 mmole) were dissolved in tetrahydro furan (5 ml). N,N'- 

Dicyclohexylcarbodi-imide (161 mg, 0.78 mmole) was added and the mixture stirred 

.for 1 hour at 0° and 2 hours at room temperature.

The heptapeptide (28) (870 mg, 0.65 mmole) was shaken in trifluoroacetic 

acid (2 ml, 26 mmole) for 20 minutes at 0 and evaporated to give a yellowish oil. 

Trituration with diethyl ether gave a white solid which was dissolved in tetrahydro- 

furan (5 ml). The solution was cooled to 0 and triethylamine (0.36 ml, 2.6 mmole) 

added; evaporation gave a yellow oil which^was taken up in tetra hydro furan (5 ml) 

and added to the activated mixture. T.l.c. (E4, G3) indicated that the reaction
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was complete within 15 minutes and isolation by the Amberlyst 15 (3-bromopyridinium 

form) procedure gave the protected octapeptide (11) (0.71 g, 81.3%) as a chromato- 

graphically pure, white powder of m.p. 108-9°, R (E4) 0.46; R_ (G3) 0.87;

R(G4)0.95; R (A2) 0.65; R (N) 0.90, Ed -29. 1°; l -30.3°;p . p . p 

Cd 546 "34 - 6°; [a3436 ~62 ' 3°; [^365 - 104.8° (c 1.03 inCHCI3 ).

H 2 O requires C, 63.68; H, 6.63; N, 10.89%. Found: C, 63.77; 

H, 6.45; N, 11.18%. Amino-acid analysis gave Gly, 0.99; Phe, 1.02; Tyr, 

0.87; Thr, 0.93; Pro, 0.99; Lys, 1.03; Ala, 2.00. Average value taken.

a-t-Butoxycarbonyl-L-alanyl-L-phenylalanyl- O-benzy I -JL-ty rosy I - O-benzyl-L" 

threonyl-jg -prolyl-e-piper?dino-oxycarbonyl-j=-Iysyl-[.-alanme 4-p?colyl ester (29)

a-t-Butoxycarbonyl-y-alanine (182 mg, 0.96 mmole) and 1-hydroxybenzo- 

triazole (147 mg, 0.96 mmole) were dissolved in tetrahydrofuran (10 ml). N,N'- 

Dicyclohexylcarbodi-imide (198 mg, 0.96 mmole) was added and the mixture stirred 

at 0 for 1 hour and room temperature for 1 hour.

The hexapeptide (25) (978 mg, 0.8 mmole) was shaken in trifluoroacetic 

acid (3 ml, 39 mmole) for 20 minutes at 0 and the solution was evaporated to give 

a colourless oil. Trituration with diethyl ether gave a white solid which was 

dissolved in tetrahydrofuran (5 ml). The solution was cooled to 0 and triethylamine 

(0.45 ml, 3.2 mmole) added; evaporation gave a clear oil which was dissolved in 

tetrahydrofuran (5 ml) and added to the activated mixture. T.l.c. (E4, G3) 

indicated that the reaction was complete within 40 minutes and isolation by the 

Amberlyst 15 (3-bromopyridinium form) procedure gave the protected heptapeptide 

(29) (1.10 g, 84%) as a chromatographically^pure white powder of m.p. 104-6 ,

R (£4)0.65; R- (G3) 0.88; R_ (G4) 0.82; R_ (A2) 0.53, U^g -46.2°; p » l~ r r jo/
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[d^g-47.90; [cd^6 -53.6°; [ol -96.5°; Ed -162.8° (c 0.95 In

)1 requires C, 64.40; H, 6.90; N, 10.71%. Found: C, 64.30; 

H, 7.10; N, 10.71%. Amino-acid analysis gave Ala, 2.00; Phe, 1.00; Tyr, 

0.91; Thr, 0,97; Pro, 0.97; Lys, 1.02. Average value taken.

a-Benzyloxycarbonylglycyl -j-alanyl -L-phenylalanyl- O-benzy I -jg-ty rosy I - O-benzyl- 

jg-threonyl-i-prolyl-e-piperidino-oxycarbonyl-L-lysyl-L-alanine 4-p?colyl ester (12)

a-Benzyloxycarbonylglycine (125.5 mg, 0.6 mmole) and 1-hydroxybenzo- 

triazole (92 mg, 0.6 mmole) were dissolved in tetrahydrofuran (5 ml). N,N'- 

Dicyclohexylcarbodi-imide (124 mg, 0.6 mmole) was added and the mixture stirred 

at 0 for 1 hour and 1.5 hours at room temperature.

The heptapeptide (29) (650 mg, 0.5 mmole) was shaken in trifluoroacetic 

acid (5 ml, ,65 mmole) for 20 minutes at 0 and evaporated to give an oil. Trituration 

with diethyl ether gave a white solid which was dissolved in tetrahydrofuran (5 ml). 

The solution was cooled to 0 and triethylamine (0.275 ml, 2.0 mmole) added; 

evaporation gave a clear oil which was dissolved in tetrahydrofuran (5 ml) and added 

to the activated mixture. T.I.c. (E4, G3) indicated that the reaction was complete 

within 1 hour and isolation by the Amberlyst 15 (3-bromopyridinium form) procedure 

gave the protected octapeptide (12) (590 mg, 84.1%) as a chroma tographicaI ly pure 

white powder of m.p. 107-110°, R p (E4) 0.68; R p (G3) 0.86; R p (G4) 0.88;

(A2) 0.55, U -38.5°; U -40.6°; U7.5°; U -84.5°;

Ca] 365 " 143 '°° (c °' 85 in CHCI3)' C75H 91 N 11°15* H2° recluires C, 63.68; 

H, 6.63; N, 10.89%. Found: C, 63.92; H, 6.64; N, 11.20%.' Amino-acid

analysis gave Gly, 1-00; Phe, 1.02; Tyr, Q.87; Thr, 0.93; Pro, 0.99; Lys, 1.03;
/

Ala 2.00. Average value taken.
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g-t-Butoxycarbonyl-L-alanyl-L-alanyl - Q-benzyl-L-tyrosyl- Q-benzyl-j^-threonyl- 

L~prolyl-e-piperidino-oxycarbonyl -L-lysyl-L-alanine 4-picolyl ester (30)

a-t-Butoxycarbonyl-L-alanine (193 mg, 1 0 02 mmole) and 1-hydroxybenzo- 

triazole (157 mg, 1.02 mmole) were dissolved in tetra hydro furan (10 ml). N,N'- 

Dicyclohexylcarbodi-imide (210 mg, 1.02 mmole) was added and the mixture stirred 

at 0 for 1 hour and at room temperature for 1 hour.

The hexapeptide (30) (0.976 g, 0.85 mmole) was shaken in trifluoroacetic 

acid (3 ml, 39 mmole) for 20 minutes at 0 and evaporated to give a solid gum. 

Trituration with diethyl ether gave a white solid which was dissolved in tetrahydro- 

furan (10 ml). The solution was cooled to 0 and triethylamine (0.47 ml, 3.3 mmole) 

added; evaporation gave a colourless oil which was taken up in tetra hydro furan 

(10 ml) and added to the activated mixture. T.I.c. (E4, G3) indicated that the 

reaction was complete within 1 hour and isolation by the Amberlyst 15 (3-bromo- 

pyridinium form) procedure gave the protected heptapeptide (30) (0.85 g, 81 .2%) 

as a chromaiographically pure, white powder of m.p. 102-3 , R (E4) 0.60;

R p (G3)0.74; R p (G4) 0.87; R p (A2) 0.48; R p (N) 0.90, CaJ^ -41 .3°;

[aJ^g-44.70; Cc^-Sl.O0; U^-91.40; Coflg^ -154.1° (c 0.96 in CHCIg)

C,,H n ,N inO,, requires C, 63.03; H, 7.11; N, 11.49%. Found: C, 63.46; 
64 06 I U 14

H, 7.10; N, 11.57%. Amino-acid analysis gave Ala, 2.98; Tyr, 0.98; Thr, 

0.98; Pro, 1.00; Lys, 1.00. Average value taken.

a-Benzyloxycarbonylglycyl-L-alanyl-L-alanyl - Q-benzy I -].- ty rosy I - O~benzy 1 -L- 

threonyl-L-prolyl-e-p?perid?no-oxycarbonyl-L"lysyl-L-alanine 4-picolyl ester (13)

a-Benzyloxycarbonylglycine (163 mg, 0.68 mmole) and 1-hydroxybenzo- 

triazole (104 mg, 0.68 mmole) were dissolved in tetrahydrofuran (5 ml). N,N'-
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DIcyclohexylcarbodi-imide (161 mg, 0.68 mmole) was added and the mixture 

stirred for 40 minutes at 0 and 1 hour at room temperature.

The heptapeptide (30) (800 mg, 0.57 mmole) was shaken in trifluoroacetic 

acid (2 ml, 26 mmole) for 20 minutes at 0° and evaporated to a solid gum. Trituration 

with diethyl ether gave a white solid which was dissolved in tetrahydrofuran (5 ml). 

The solution was cooled to 0° and triethylamine (0.36 ml, 2.28 mmole) added; 

evaporation gave a colourless oil which was taken up in tetrahydrofuran (10 ml) 

and added to the activated mixture. T.l.c. (E4, G3) indicated that the reaction 

was complete after 10 minutes and isolation by the Amberlyst 15 (3-bromopyridinium 

form) procedure gave the protected octapeptide (13) (690 mg, 91 .8%) as a chromato-

graphically pure, white powder of m.p. 1 07-11 0°, R_ (E4) 0.48; R c (G3) 0.66;
r r

° ° °
R p (A2)0.46; R p (N) 0.85, U -29.3; U -30.8; Ccd 6 -34.8;

"62 ' 7° ; ^365 ~ 107 -°° (c T- 05 in CHCIg). co9H 87N n O15 - 2H 2 O recl uires

C, 61.54; H, 6.81; N, 11.44%. Found: C, 61.55; H, 6.68; N, 11.61%. 

Amino-acid analysis gave Gly, 0.98; Ala, 2.89; Tyr, 0.98; Thr, 0.98; Pro, 

1.00; Lys, 1.00. Average value taken.

Synthesis of N-methyl-L-phenylalanine analogues

N -Benzyl-jg-phenylalanine

185 
This was prepared by the method of Quitt, involving reduction with

sodium borohydride of the Schiff's base formed between benzaldehyde and ^-phenyl-
t

alanine. m.p. 254-5°, yield 96%, U^0 +27.2° (c 1.02 in 6M HCl/HAc, 1:1)
OoV —

[lit. 185 m.p. 255°, yield 90%, W^+26.90 (c 1 in 6M HCl/HAc)].
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N_- Be nzy I - N -me thy I -L -phenylalanine

I DC

The method used was an adaptation of that of Quitt. N-Benzyl-^- 

phenylalanine (26.5 g, 0.1 mole) was refluxed with formic acid (33.6 ml, 0.9 mole) 

and formaldehyde (30.0 ml, 0.9 mole) for 4 hours. The solution was evaporated 

under vacuum to yield a white solid which was re crystal Used from water containing 

a trace of acetic acid, to assist solubilisation. The white crystals were filtered and

dried, m.p. 222-3°, yield (28.4 g, 96%), [d ft +21.9° (c 0.99 in 6M HCl/HAc,OO7 ——

1:1) [lit. 185 m.p. 220-2°, yield 94%, [a^l, +20.0° (c 1 in 6M HCl/HAc, 1:1)].
OO7 —

The reaction was repeated varying the time of reaction and the minimum 

period for optimum reaction was 2 hours

N-Methyl-L -phenylalanine

1 85 The preparation from N-benzyl-N-methyl-L -phenylalanine by Quitt

was used. m.p. 259-61, yield 70%, [a +25.6 (c 1.02 in 6M HCI), +49.7OO7 ——

(c 1.0 inMNaOH) [lit. 185 m.p. 260°, yield 75%, [a]^o +26.6° (c 1.0 in 6^ HCI), 

+49.3° (c 1.0 inM NaOH)].

a- 1- Butoxycarbony l-N-methyl-L-phenylalan?ne dicyclohexylammonium salt

1 86 The method used was an adaptation of that reported by Blake and Li.

N-Methyl-L-phenylalanine (2.5 g, 1 .4 mmole) was suspended in 60% aqueous dioxan 

(5 ml) and adjusted to pH 10.5 with sodium hydroxide (4M)- t-Butoxycarbonyl azide 

(2.4 ml, 1.7 mmole) was added in small portions with stirring and kept at constant 

pH by autotitrator overnight. T.l.c. (G3) indicated that the reaction was then 

complete. Water was added to bring the total volume to 20 ml; the solution was

^ Q
washed with diethyl ether (3 x 20 ml), cooled to 0 and brought to pH 3.5 with solid
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citric acid. The product was extracted into ethyl acetate (2 x 20 ml), washed with 

water (2 x 20 ml), brine (2 x 20 ml) and dried. Evaporation gave a colourless oil 

which was taken up in diethyi ether (25 ml) and dicyclohexylamine (2.56 g, 

1.4 mmole) added. Overnight at 4 gave a white precipitate which was filtered

and dried to give g-t-butoxycarbonyl-N-methyl-^-phenylalanine dicyclohexyl-

01
ammonium salt (5.32 g, 90.1%) as a white powder of m.p. 167-70 , Ea3 coo -24.2
——————————————— OO7

(c 0.99 in MeOH). C 17H,,N 0 O, requires C, 70 e 4; H, 9.63; N, 6.08%. Found:1/44/4

C, 70.46; H, 9.54; N, 6.20% [lit. 186 yield 52%, m.p. 165-70°, [aJ^ -25.0° 

(c 1.0 in MeOH)].

N-Methyi-L-phenylalanine methyl ester hydrochloride

N-Methyl-L-phenylalanine (1.54 g, 0.86 mmole) was added to a solution 

of thionyl chloride (0.70 ml, 0.946 mmole) and absolute methanol (10 ml) cooled 

to -8 . The mixture was refluxed for 5 hours when t.l.c. (N, Gl) indicated that 

the reaction was complete. Evaporation gave a colourless oil which was recrystallised 

from methanol to give N-methyl-L-phenylalanine methyl ester hydrochloride (1.51 g,

° °
76%) as white crystals of m.p. 85-7, R p (N) 0.52; R p (Gl) 0.48, [d 0 +59.1;

[cxl^8 +61.60; Ca^+70.90; [d^ +129.8°; CaJ +218.8 (c 1 .01 in CHCI 3 ).

C n H 16N02Cl requires C, 57.51; H, 7.02; N,6.10; 01,15.44%. Found: 

C, 57.21; H, 7.12; N, 6.25; Cl, 15.26%. T (CDCI3 ) 2.69 (5H, s 

5.9 (2H, c, NH^.CH^, 6.32 (3H, s, . OCH^, 6.5 (3H, complex, 

CH.CHJ, 7.23 (3H, s, CH..NH!.).
— z — O £.

a-t-Butoxycarbonyl-N-methyl-j.-phenylalanyl-N-methyl-L-phenylalanine methyl 

ester (31)

a-t-Butoxycarbonyl-N^methyl-L-phenylalanine (180 mg, 1.05 mmole)
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previously liberated from its dicyclohexylammonium salt (480 mg, 1.05 mmole) 

was dissolved in tetrahydrofuran (5 ml) and cooled to -20° (acetone/solid carbon 

dioxide). N-Methylmorpholine (0.118 ml, 1.05 mmole) and pivaloyl chloride 

(0.105 ml, 1 .05 mmole) were added maintaining the temperature between -15 and 

-20 . After 10 minutes N-methylmorpholine (0.111 ml, 1.0 mmole) was added to 

N^-methyl-L-phenylalanine methyl ester hydrochloride (231 mg, 1.0 mmole) in 

tetrahydrofuran (5 ml) at -10 and the mixture immediately added to the previously 

activated acylating component. Stirring was continued at room temperature for 

24 hours when t.l.c. (E4 7 G3) indicated complete reaction. The solution was 

evaporated, taken up in ethyl acetate (15 ml) and washed with citric acid (0.7M/ 

2 x 10 ml), water (5 ml), saturated sodium hydrogen carbonate (2x10 ml), water 

(5 ml), brine (5 ml) and dried. Evaporation gave the protected dipeptide (31) 

(400 mg, 87.6%) as a colourless oil, R p (E4) 0.78; R p (G3) 0.95; R p (N) 0.95,

Ca3 589 "30J ° (c K01 In CHCI3 )- C26H34N2°5* H2° rec1ulres C ' 66J; H ' 7 ' 2; 

N, 5.92%. Found: C, 66.5; H, 7.10; N, 5.71%. T (CDC13 ) 2.76 (10H, s,

aromatic), 4.81 and 5.12 (2H, c, N.CH.CO), 6.30 (3H, s, CO.OChL), 6.5-7.0— — o

(4H, complex, CH.Ch^.C^), 7.0-7.6 (6H, complex, N.CIJ3 ), 8.6-8.7 (9H, s, 

(ChLL.C.O).
— »5 o

An aliquot of the protected dipeptide (31) (100 mg) was hydrolysed in vacuum 

for 24 hours at 110° in hydrochloric acid (6M/ 1 *5 ml). The sample was evaporated 

and dried to give a white solid identical to that of similarly treated N-methyl-L-

phenylalanine. Cod +24.7° (c 0.81 in 6M HCl), +48.1° (c 0.69 in M NaOH)

[lit. ^llo +26 ' 6° (c 1 -° 'n^MHCl), +49.3° (c 1.0 in M NaOH)]. 
589 —
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g-t- Butoxy carbony 1 -N -me thy I -L-pheny la lany I -N-methyl -L-pheny lalanine 

hydrazide (32)

Excess hydrazine hydrate (0.0314 ml, 0.6 mmole) was added to the protected 

dipeptide (31) (50 mg, 0.091 mmole) in methanol.(5 ml). T.l-c. (E4, G3) indicated 

that the reaction was complete after overnight stirring at room temperature. 

Evaporation gave a colourless gum, trituration with diethyl ether gave a white solid 

which was filtered, washed with cold methanol and dried to yield the protected 

dipeptide hydrazide (32) (46 mg, 92%) as a white powder of m.p. 135-6°, R (E4)

0.44; R P (G3) 0.61, U -28.7°; [a] Q -29.9°; Co], -34.8°; &J -64.0°;
oby o/o 546 4oo

9D
-111.2° (c 0.58 in MeOH). C 25 H34 N4°4 requires C, 66.05; H, 7.54;

N, 12.33%. Found: C, 65.78; H, 7.39; N, 12.34%.

Attempted preparations of g-t-butoxycarbonyl - N -methy!-L -phenylalanyl- N -methyl-

L-phenyla!an?ne methyl ester (31 )

(i) N, N'-Dicyclohexylcarbodi-imide

a-t-Butoxycarbonyl-N-methyl-L-pheny lalanine (184 mg, 0.662 mmole) and 

N,N'-dicyclohexyIcarbodi-imide (142 mg, 0.662 mmole) were stirred at 0 for 1 hour 

and room temperature for 1 hour in tetrahydrofuran (5 ml). N_- Methyl -L-pheny I - 

alanine methyl ester hydrochloride (154 mg, 0.662 mmole) was added and the mixture 

brought to pH 8.5 with N, N-di-isopropylethylamine (0.156 ml, 0.662 mmole). 

After stirring overnight at room temperature t. I.e. (E4, Gl, G3, N) indicated 

considerable amounts of starting materials and after 3 days there was no significant 

change in its composition. 

(ii) N,N'-DicycIohexylcarbodi-imide/l-hydroxybenzotriazoIe

a-t-Butoxycarbonyl-N_-methyl-L-phenylalanine (189 mg, 0.675 mmole) and
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1-hydroxybenzotriazole (96 mg, 0.675 mmole) were dissolved in tetrahydrofuran 

(3 ml). N,N'-Dicyclohexylcarbodi-imide (146 mg, 0.675 mmole) was added and 

the mixture stirred at 0 for 1 hour and room temperature for 1 hour. N-Methyl- 

L-phenylalanine methyl ester hydrochloride (156 mg, 0.675 mmole) and N,N-di- 

isopropylethylamine (0.159 ml, 0.675 mmole) were added in tetrahydrofuran (5 ml). 

Stirring for 2 days at room temperature gave rise to an addition compound identified 

by t. I.e. with high R p values in solvents E4 and G3. Ethyl acetate (5 ml analar) 

was added and the mixture stirred at 0° for 1 hour. A small amount of fine white 

precipitate, probably dicyclohexylurea, was filtered off, and the filtrate evaporated 

to an oil, which was taken up in ethyl acetate (15 ml) and washed with citric acid 

(0.7M, 2x10 ml), water (5 ml), saturated sodium hydrogen carbonate (2x10 ml), 

water (5 ml), brine (5 ml) and dried. The white solid, m.p. 131-4°, obtained on 

evaporation was examined by n.m.r. and contained additional signals in the 

7.9-8.5 T region and the expected -OCH,, signal at 6.30 T was absent. This strongly 

suggested that the isolated product was a-t-butoxycarbonyl-N-methyl-L-phenyl- 

alanine N-acyl dicyclohexylurea. C^Jti^qN^CX requires C, 69.51; H, 8.94; 

N, 8.68%. Found: C, 69.77; H, 8.74; N, 8.71%. T (CDCI 3 ) 2.81 (5H, s, 

aromatic), 4.8 (1H, s, CO.NHX^j), 6.21 (1H, s, N.CIH.CO), 6.85 (2H, 

complex, CH.CH 2 .C6 H 5), 7.15 (3H, s, N.CH^, 7.9-8.5 (22H, complex,

.N.C,H n ), 8.6 (9H, s, (ChLL.C). 
6—1 I — o o

(iii) N, N'-Dicyclohexylcarbodi-imide/N-hydroxybenzotriazole - 'eintopf1 method

Method (ii) was repeated albeit the addition of N, N'-dicyclohexylcarbodi- 

imide was delayed and added to the one-flask mixture of a-t-butoxycarbonyl-N- 

methyl-L"Pneny' a ' an ' ne / N^rnethyl-L-pheny!a!anine methyl ester hydrochloride and
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1-hydroxybenzotriazole in tetrahydrofuran at pH 6-7 and 0 . A product similar

to that obtained in (ii) was formed.

(iv) N, N'-Dicyclohexylcarbodi-imide/N-hydroxysuccinimide

Method (ii) was repeated but replacing 1-hydroxybenzotriazole by N- 

hydroxysuccinimide. T.l.c. (E4, G3) indicated that stirring for several days 

produced only a small amount of possible product and large amounts of starting 

material still remained.

a-t-Butoxycarbonyl-N -methyl-L-phenylalanyl- O-benzy I -L-tyrosy I - O-benzyl-]..- 

threonyl-L-prolyl-e-pIperldino-oxycarbonyl-L-lysyl-L-alanine 4-picolyl ester (33)

a-t-Butoxycarbonyl-N-methyl-L-pheny!alanine (0.667g, 2.4 mmole) 

previously liberated from its dicyclohexyiammonium salt (1 .12 g, 2.4 mmole) was 

dissolved in tetrahydrofuran (5 ml) and cooled to -20 (acetone/solid carbon dioxide). 

N-MethylmorphoIine (0.268 ml, 2.4 mmole) and pivaloyl chloride (0.24 ml, 

2.4 mmole) were added maintaining the temperature between -15 and -20 forming 

a fine white precipitate.

Meanwhile the pentapeptide (24) (2.152 g, 2 mmole) was shaken in trifluoro- 

acetic acid (20 ml, 260 mmole) for 20 minutes at 0 and the solution was evaporated 

to give a colourless oil. Trituration with diethyl ether gave a white solid which was 

dissolved in tetrahydrofuran (20 ml), N-methylmorpholine (0.446 ml, 4 mmole) was 

added and the mixture cooled to -20°. The mixture was added to the previously 

prepared acylating component. T.l.c. (E4, G3) after 10 minutes indicated that the 

reaction was complete which was then evaporated to a white solid. The solid was 

only partially soluble in ethyl acetate and was therefore taken up in dichloromethane 

(100 ml). Isolation by the Amberlyst 15 (3-bromopyridinium form) procedure gave
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R(N)0.86, W -40.6°; l -42.1°; U -48.6°; Gc -89.0°;
90 

[a3 -152.5° (c 0.79 in CHCI). CHNO.2HO requires C, 64.08;

the protected hexapeptide (33) (2.105 g, 85.3%) as a chromatographically pure 

white powder of m.p. 71-4°, R p (E4) 0.64; R p (G3) 0.74; R p (A2) 0.46;

T

JQ/C ' *'*• * ^ \^» v./ / ill \^ll^,l« >

H, 7.20; N, 9.89%. Found: C, 64.22; H, 7.26; N, 10.20%. Amino acid 

analysis gave MePhe, 1.00; Tyr, 0.97; Thr, 0.98; Pro, 0.99; Lys, 1.01; Ala, 

1.00. Based on Ala =1.00.

a-t- Buloxycarbony I -L-phcnylalanyl-N-meihyl-L-phenylalanyl- O-bcnzy I -t.-tyrosy I - 

O -benzyl-L - fhreonyl ~L -proly l-e-piperidino-oxycarbonyl-L -lysyl-L -alanine 4-picolyl 

ester (34)

a-t-Butoxycarbonyl-L-phenyla!an?ne (127 mg, 0.48 mmole) and 1-hydroxy- 

benzotriazole (73.5 mg, 0.48 mmole) were dissolved in tetrahydrofuran (10 ml). 

N,N'-Dicyc!ohexylcarbodi-imide (99 mg, 0.48 mmole) was added and the mixture 

stirred at 0° for 1 hour and room temperature for 2 hours.

The hexapeptide (33) (495 mg, 0.4 mmole) was shaken in trifluoroacetic acid 

(5 ml, 65 mmole) for 20 minutes at 0° and the solution was evaporated to give a 

colourless oil. Trituration with diethyl ether gave a white solid which was dissolved 

in tetrahydrofuran (5 ml). The solution was cooled to 0 and triethylamine (0.222 ml, 

1.6 mmole) added; evaporation gave a clear oil which was dissolved in tetrahydro­ 

furan (5 ml) and added to the previously activated mixture. T.l.c. (E4, G3) 

indicated that the reaction proceeded slowly and it was over 24 hours before no amino 

component could be detected. Isolation by the Amberlyst 15 (3-bromopyridinium form) 

procedure gave the protected heptapeptide (34) (441 mg, 86%) as a chromatographically 

pure, white powder of m.p. 82-5°, R p (E4) 0.71; R p (G3) 0.98; R p (N) 0.80;
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R F (A2) 0.60, ^ Q9 -45.6°; U -47.0°; U -53.4°; U -98.0°;

20 
[a] ~ 171 ' 8° (c °' 35 in CHCI )- CHN °' 2H ° rec^ uires C ' 65 ' 05;< 365 ,,,. w ^v,.^ „, v..i^i 3 ,. ^77n 96^ 10 wi4^n 2 

H, 7.09; N, 9.85%. Found: C, 65.26; H, 7.23; N, 10.10%. Amino acid 

analysis gave Phe, 0.99; MePhe, 0.98; Tyr, 0.98; Thr, 0.99; Pro, 0.99; 

Lys, 0.99; Ala, 1.00. Based on Ala = 1.00.

g-Benzyloxycarbonylglycyl-^-phenylalanyl-N-methyl-L-phenylalanyl- O-benzyl- 

L -ty rosy I -Q-benzy 1 ~L -threonyl-j.. -pro lyl-e -pipe rid ino-oxycarbonyl-L -lysyl-L ~ 

alanine 4-picolyl ester (14)

a-Benzyloxycarbonylglycine (69 mg, 0.33 mmole) and 1-hydroxybenzotriazole 

(50.5 mg, 0.33 mmole) were dissolved in tetrahydrofuran (5 ml). N, N'-Dicyclohexyl- 

carbodi-imide (68 mg, 0.33 mmole) was added and the mixture stirred at 0 for 1 hour 

and room temperature for 2 hours.

The heptapeptide (34) (415 mg, 0.3 mmole) was shaken in trifluoroacetic acid 

(2 ml, 26 mmole) for 20 minutes at 0 to give a yellow oil which was evaporated to 

give a gum. Trituration with diethyl ether gave a white solid which was dissolved in 

tetrahydrofuran (5 ml). The solution was cooled to 0 and triethylamine (0.165 ml, 

1.2 mmole) added; evaporation gave a clear oil which was dissolved in tetrahydro­ 

furan (5 ml) and added to the previously activated mixture. T.l.c. (E4, G3) after 

10 minutes indicated that the reaction was complete; isolation by the Amberlyst 15 

(3-bromopyridinium form) procedure gave the protected octapeptide (14) (338 mg, 

76%) as a chromatographically pure, white powder of m.p. 75-80 , Rp (E4) 0.68;

F _ _ f^f\ o

R (03)0.92; R p (A2) 0.62; R p (N) 0.77, U-52.2°; U-54.7°;

-1U.5; Cd -198.0 (c 0.59 in CHC^). 

C H N, 1 O15 .2H 2 O requires C, 65.89; H, 6.67; N, 10.31%. Found: C, 65.67;
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H, 6.85; N, 9.93%. Amino acid analysis gave Gly, 0.99; Phe, 0.97; MePhe, 

1.00; Tyr, 0.97; Thr, 0.99; Pro, 1.02; Lys, 1.01; Ala, 1.00. Based on 

Ala- 1.00.

a-t- Butoxy carbony 1 -N -me thy I -l.-pheny la lany I -L-pheny la I any 1 - Q-benzy I -j.-ty rosy I - 

O-benzy'1-L -threonyl-L -prolyl-e -pipe rid Ino-oxycarbonyl-L -lysyl-L -alanlne 4-picolyl 

ester (35)

a-t-Butoxycarbonyl-N-methyl-L-phenylalanine (0.182g, 0.716 mmole) 

previously liberated from its dicyclohexylammonium salt (0.333 g, 0.716 mmole) was 

dissolved in tetrahydrofuran (5 ml) and cooled to -20 (acetone/solid carbon dioxide). 

N-MethylmorphoIine (0.08 ml, 0.716 mmole) and pivaloyl chloride (0.088 ml, 

0.716 mmole) were added maintaining the temperature between -15 and -20 .

Meanwhile the heptapeptide (25) (0.80g, 0.651 mmole) was shaken in 

trifluoroacetic acid (10 ml, 130 mmole) for 20 minutes at 0 and the solution was 

evaporated to give a colourless oil. Trituration with diethyl ether gave a white solid 

which was dissolved in tetrahydrofuran (5 ml), N-methylmorpholine (0.16 ml, 

1 .32 mmole) was added and the mixture cooled to -20 . Addition of this mixture to 

the simultaneously prepared acylating component gave an immediate white precipitate. 

T.I.c. (E4, G3) indicated that the reaction was complete after stirring overnight at 

room temperature. Isolation by the Amberlyst 15 (3-bromopyridinium form) procedure 

gave the protected heptapeptide (35) (761 .5 mg, 84.5%) as a chromatographically 

pure white powder of m.p. 92-5°, R p (E4) 0.67; R p (G3) 0.86; R p (A2) 0.63;

R p (N) 0.94, U 9 -49.2°; ug-51.60; U 6 -59.3°; W -108.0°;

-186.1 (c 1.01 in CHCI 3 ). C^H 96 N 1() O14 .2H 2 O requires C, 65.05; 

H, 7.09; N, 9.85%. Found: C, 65.23; H, 6.86; N, 9.89%. Amino acid analysis



135

gave MePhe, 0.99; Phe, 0.98; Tyr, 1.00; Thr, 0.98; Pro, 0.99; Lys, 1.01; 

Ala, 1.00. Based on Ala =1.00.

a-Benzyloxycarbonylglycyl- N -methyl-L-phenylalanyl-L-phenylalanyl- O-benzyl- 

^ -tyrosyl-O-benzyl-L -threonyl-L -prolyl-e-piperidino-oxycarbonyl-L - lysyl ~L - 

alanine 4-picolyl ester (15)

a-Benzyloxycarbonylglycine (115 mg, 0.55 mmole) and 1-hydroxybenzo- 

triazole (84 mg, 0.55 mrnole) were dissolved in tetrahydrofuran (5 ml). N,N'- 

Dicyclohexylcarbodi-imide (113 mg, 0.55 mmole) was added and the mixture stirred 

at 0 for 1 hour and 1.5 hours at room temperature.

The heptapeptide (35) (692 mg, 0.5 mmole) was shaken in trifluoroacetic 

acid (5 ml, 65 mmole) for 20 minutes at 0 and evaporated to give a yellowish oil. 

Triruration with diethyl ether gave a white solid which was dissolved in tetrahydro­ 

furan (5 ml). The solution was cooled to 0 and triethylamine (0.35 ml, 2.0 mmole) 

added; evaporation gave a colourless oil which was taken up in tetrahydrofuran 

(10 ml) and added to the activated mixture. The pH was corrected to 6.5 by addition 

of l-hydrobenzotriazole. After stirring overnight at room temperature t.l.c. (E4, G3) 

indicated that the reaction was complete and isolation by the Amberlyst 15 (3-bromo- 

pyridinium form) procedure gave the protected octapeptide (15) (741 mg, 92.7%) as 

a chromatographically pure, buff solid of m.p. 95-8°, R p (E4) 0.64; R p (G3) 0.77; 

R p (A2)0.57; R p (N) 0.95, [d^0 -49.0°; U^-51.30; U^-59.0°;

Ca]436~ 108J ° ; ^365 -186.5° (c 0.518 in CHCI 3 ). C 8 2H 97N 11 °15' H 2° 

requires C, 65.89; H, 6.67; N, 10.31%. Found: C, 65.72; H, 7.03; N, 10.66%, 

Amino acid analysis gave Gly, 1.00; MePhe, 0.99; Phe, 0.98; Tyr, 0.99; Thr, 

0.99; Pro, 0.98; Lys, 0.99; Ala, '1.00. Based on Ala = 1.00.
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a-f-Butoxycarbonyl-N-me1-hyl-L~pnenylalanyl-N-methyl-L-phenylalanyl-O-benzyl- 

= ~.'1y rosyj_~O~benzyi-^ -threonyl-L -pro ly I -e -p iperid ino-oxycarbony I -L -lysyl-L - 

alanine 4-picolyl ester (36)

a-i-Butoxycarbonyl-N_-methyl-^-phenylalanine (134 mg, 0.48 mmole) 

previously liberafed from its dicyclohexylammonium salt (225 mg, 0.48 mmole) was 

dissolved in tetrahydrofuran (5 ml) and cooled to -20 (acetone/solid carbon dioxide). 

N-Methylmorpholine (0.0535 ml, 0.48 mmole) and pivaloyl chloride (0.0575 ml, 

0.48 mmole) were added maintaining the temperature between -15 and -20 forming 

a fine white precipitate.

Meanwhile the hexapeptide (36) (500 mg, 0.4 mmole) was shaken in trifluoro- 

acetic acid (5 ml, 65 mmole) for 20 minutes at 0 and the solution was evaporated 

to give a clear oil. Trituration with diethyl ether gave a white solid which was 

dissolved in tetrahydrofuran (5 ml), N-methylmorpholine (0.0894 ml, 0.8 mmole) 

was added and the mixture cooled to -20 . The mixture was added to the previously 

prepared acylating component. T.l.c. (E4, G3, N) indicated that the rate of 

coupling was extremely slow but was complete after stirring at room temperature for 

2 days. Isolation by the Amberlyst 15 (3-bromopyridinium form) procedure gave the 

protected heptapeptide (36) (447 mg, 82.9%) as a chromatographically pure white 

powder of m.p. 78-82°, R p (E4) 0.66; R p (G3) 0.85; R p (A2) 0.60; R p (N) 0.91,

-76.0°; U -139.0°; Ed -239.5°

(c 0.6 in CHCI3 ). C78H 98N 1 Q014 .2H 2 0 requires C, 65.25; H, 7.16; N, 9.76% 

Found: C, 65.18; H, 7.03; N, 10.15%. Amino acid analysis gave MePhe, 1.99; 

Tyr, 0.98; Thr, 0.97; Pro, 1.03; Lys, 1.01; Ala, 1.00. Based on Ala = 1 .00.
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g-Benzyloxy carbon/ Iglycyl -j^-mejh>^l-L--phenylalanyl-N-methyi-L-phenylalanyl-

lysyl-L-alanine 4-picolyl ester (16)

a-Benzy!oxycarbonylglycine (39.5 mg, 0. 189 mmole) and 1 -hydroxybenzo- 

triazole (29 mg, 0.189 mmole) were dissolved in tetrahydrofuran (5 ml). N,N'- 

Dicyclohexylcarbodi-imide (39 mg, 0.139 mmole) was added and the mixture stirred 

at 0 for 1 hour and 1 .5 hours at room temperature.

The heptapeptide (36) (240 mg, 0.172 mmole) was shaken in trifluoroacetic 

acid (5 ml, 65 mmole) for 30 minutes at 0 to give a yellow solution which was 

evaporated to a gum. Trituration with diethyl ether gave a white solid which was 

dissolved in tetrahydrofuran (5 ml) and triethylamine (0.096 ml, 0.688 mmole) 

added. Evaporation gave a clear oil which was dissolved in tetrahydrofuran (5 ml) 

and added to the activated mixture. After stirring overnight at room temperature, 

t.l.c. (E4, G3) indicated complete reaction. Isolation by the Amberlyst 15 

(3-bromopyridmium form) procedure gave the protected octapeptide (16) (210 mg, 

82. 1%) as a chromatographically pure buff powder of R p (E4) 0.65; R p (G3) 0.78;

R p (A2)0.54; R p (N) 0.85, [aJ^0 -52.5°; Ecd^ -57.6°; U^ -63.0°;

- C83 H 99N 11°15' 2H 2 0

requires C, 65.29; H, 6.80; N, 10.09%. Found: C, 65.24; H, 7.18; N, 9.60%, 

Amino acid analysis gave Gly, 0.98; MePhe, 1.97; Tyr, 0.96; Thr, 1.00; Pro, 

0.98; Lys, 1.01; Ala, 1.00. Based on Ala = 1 .00.
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Preparation of Truncated Sequences

0) Bpoc-Gly-Phe-Phe-Tyr-QPic (17)

Bzl

a-t-Butoxycarbonyl-O-benzyl-L-iyrosine 4-p?colyl ester

NjN'-Dicyclohexylcarbodi-imide (5.56 g, 2.7 mmole) was slowly added 

to a solution of a-t-butoxycarbonyl-O-benzyl-L-iyrosine (10 g, 2.7 mmole) and 

4-pyridyl-methanol (2.18 g, 2.0 mmole) in dichloromethane (80 ml) in an ice/salt 

bath over 2 hours. The reaction was stirred overnight when t.l.c. (E4) indicated 

that all the 4-pyridyl-methanol had reacted. The solution was stirred at 0 with 

ethyl acetate (80 ml), dicyclohexylurea was filtered off and washed with more 

cooled ethyl acetate and the combined filtrates evaporated to give a yellow-brown

oil.

Attempted partition between citric acid (0.7M) and diethyl ether and ethyl 

acetate mixtures failed probably because of the lipophilicity of the product. The 

oil was taken up in ethyl acetate (100 ml), washed with saturated sodium hydrogen 

carbonate (2 x 100 ml), brine (2 x 100 ml) and dried. The solution was applied to 

Amberlyst 15 (300 ml, 3-bromopyridinium form). T.l.c. (E4, G3) indicated that 

the product had been completely absorbed within 1 hour. The column was washed 

with ethyl acetate (500 ml) and the product eluted with pyridine (0.5M) in ethyl 

acetate (500 ml). Evaporation of the eluate gave a light oil which on trituration 

with 60/80 petroleum ether gave a white solid. Recrystallisation from a mixture of 

60/80 petroleum ether and ethyl acetate gave the protected 4-p?colyl ester (6.20 g, 

67%) as white needle-shaped crystals of m.p. 78-80°, R (E4) 0.72; R (Gl) 0.98;
^ ' ^

R (G3) 0.93; R p (A2) 0.74; R p (M) 0.86, [a3^° -18.5° (c 1.13 in Me2NCHO).
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C27H 3QN 2 O5 requires C, 70.12; H, 6.5; N, 6.06%. Found: C, 70.25;

H, 6.56; N, 6.11%. T (CDCI 3 ) 1.38 (2H, d, pyridyl 2- and 6-protons), 2.60

(5H, s, C6 H 5 .CH 2 .), 2.85 (2H, d, pyridyl 3- and 5-protons), 3.05 (4H, complex,

.CH 2 .C6 H 4 .OCH 2 . and 1H, peptide, NH), 4.86 (2H, s, pyridyl .CH^O), 4.95

(2H, s, phenyl .Ch^.O), 5.35 (1H, complex, NH.OLCO.), 6.90 (2H, d,

J = 8 c/sec, CH.CH 2 -C6 H4 .) and 8.56 (9H, s,

a-t-Butoxycarbonyl-L-phenylalanyl-Q-benzyl-L-tyrosine 4-picolyl ester (39)

a-t-Butoxycarbonyl-L-phenylalamne (3.44 g, 13 mmole) and 1-hydroxy- 

benzotriazole (2.05 g, 13 mmole) were dissolved in dimethylformamide (15 ml). 

N/N'-Dicyclohexylcarbodi-imide (2.68 g, 13 mmole) was added and the mixture

t

stirred at 0 for 1 hour and room temperature for 1 hour.

a-t-Butoxycarbonyl^O-benzyl-L-tyrosine 4-picolyl ester (4.62 g, 10 mmole) 

was shaken in trifluoroacetic acid (15 ml, 215 mmole) for 20 minutes at 0 . 

Evaporation gave a yellow oil which on trituration with diethyl ether gave a white 

solid. This was taken up in dimethylformamide (10 ml) and added to the activated 

mixture. N, N-Di-isopropylethylamine (3.5 ml, 20 mmole) was added to the mixture 

and the reaction stirred overnight. T.I.c. (E4, G3) indicated complete reaction and 

isolation by the Amberlyst 15 (3-bromopyridinium form) procedure gave the protected 

dipeptide (39) (7.69 g, 97.5%) as a chromatographically pure buff powder of 

m.p. 147-8°, R p (E4) 0.64; R p (G3) 0.82; R p (A2) 0.73; R p (G4) 0.80,

(cO.97 inCHCl 3 ). C^oN^ requires C, 70.6; H, 6.56; N, 6.88%. Found: 

C, 70.95; H, 6.57; N, 6.92%. T (CDCI3 ).1.41 (2H, d, pyridyl 2- and 6-protons), 

2.5-2.8 (14H, complex, aromatic protons), 2.85 (2H, d, pyridyl 3- and 5-protons),
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3.65 (2H, complex, peptide NH), 4.9 (2H, s, pyridyl .CH ), 5.0 (2H, s, 

C6 H 5 .CH 2 .O), 5.6 (2H, complex, NHCIH.CO.)/ 6.9 (4H, t, CH.CH 2 .C,H , 

CH.CH 2 .C6 H4 .), 8.6 (9H, s, (CH^.C).

g-t-Butoxycarbonyl-L-phenylalanyl-L-phenylalanyl-O-benzyl-L-t/rosine 4-picolyl 

ester (40)

a-t-Butoxycarbonyl-L-phenylalanine (2.0g, 7.8 mmole) and 1-hydroxy- 

benzotriazole (1.18 g, 7.8 mmole) were dissolved in dimethylformamide (20 ml). 

N,N'-Dicyclohexylcarbodi-imide (1 .62 g, 7.8 mmole) was added and the mixture 

stirred for 1 hour at 0 and 1 hour at room temperature.

The dipeptide (39) (3.65 g, 6 mmole) was shaken in trifluoroacetic acid 

(15 ml, 195 mmole) for 30 minutes at 0 and evaporated to give a gum which on 

trituration with diethyl ether gave a white solid. This was dissolved in dimethyl­ 

formamide (5 m!) and N, N-di-isopropylethylamine (2.4 ml, 12 mmole) was added. 

The solution was added to the activated mixture and stirred overnight. T.i.c. (E4, 

G3) indicated complete reaction and isolation by the Amberlyst 15 (3-bromopyridinium 

form) procedure gave the protected tripeptide (40) (3.95 g, 83.0%) as a chromato- 

graphically pure buff powder of m.p. 148-148.5° and R p (E4) 0.82; R p (G3) 0.92;

R p (A2)0.67; R p (N) 0.83, CcJ -26.6°; Ea -18.1°; [al -19.5°;

Ca3436 ~33 * 2° (c °' 91 'n CHCI3 ) ' C45H48 N4°7' 2H2° rec^ uires C ' 68 ' 2; H ' 6 ' 56; 

N, 7.08%. Found: C, 68.44; H, 6.41; N, 7.13%.

2 - (p-Biphenylyl)-?sopropyloxycarbonylglycyl-L. -phenylalanyl-L'"Pnenylalanyl-O- 

benzyl-L-fyrosine 4-picolyl ester (17)

The tripeptide (40) (792 mg, 1.00 mmole) was shaken in trifluoroacetic acid
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(4 ml, 52 mmole) for 20 minutes to give a clear oil. Trituration with diethyl ether 

afforded a white solid which was dissolved in dimethylformamide (1 ml) and cooled 

to 0 . 2-(p-Biphenylyl)-isopropyloxycarbonylglycine-N[-hydroxysuccinimide ester 

(430 mg, 1 .05 mmole) and triethylamine (0.278 ml, 2 mmole) were added and the 

mixture stirred at room temperature. T.l.c. (E4, G3) indicated that the reaction 

was complete within 40 minutes. Isolation by the Amberlyst 15 (3-bromopyridinium 

form) procedure gave the protected tetrapeptide (17) (435 mg, 46%) as a chromato- 

graphically pure white powder of m.p. 83-4° and R (E4) 0.80; R (G3) 0.94;

R p (A2)0.75; R p (Gl) 0.97, [a]^0 -15. 2°; [d^ -15. 1°; [al^ -16. 6°;

[al, «, -23.8°; [cxL,,- -73.8° (c 0.93 in CHCL). C CO H C7N C O0 .H 0 O requires 4oo 060 o 58 57 5 8 2 ^

C, 71.7; H, 6.08; N, 7.21%. Found: C, 71.55; H, 6.27; N, 7.19%.

(2) Bpoc-Gly-Phe-Phe-Tyr-Thr-Pro-OPic (18)

Bzl Bzl

a-t-Butoxycarbonyl-Q-benzyl-L-threonyl-L-proline 4-picolyl ester (41)

a-t-Butoxycarbonyl-O-benzyl-^-threonine (6.5 g, 21 .0 mmole) and 

1 -hydroxybenzotriazole (3.21 g, 21.0 mmole) were dissolved in tetrahydrofuran 

(50ml). N,N'-Dicyclohexylcarbodi-imide (4.32g, 21 .0 mmole) was added and 

the mixture stirred for 40 minutes at 0 and 1 hour at room temperature.

L-Proline 4-picolyl ester dihydrobromide (6.54 g, 17.5 mmole) was dissolved 

in a mixture of tetrahydrofuran (50 ml) and dimethylformamide (25 ml) and added to 

the activated mixture. N, N-di-isopropylethylamine (6.15 ml, 35 mmole) was added 

to the mixture at 0°. T.l.c. (E4, G3) indicated that the reaction was complete 

after 3 hours. Isolation by the citric acid procedure gave the protected dipeptide (41)
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(7.69g, 87.2%) as a chromatographically pure, white foam of m.p. 28-30 , 

R p (E4)0.65; R p (G3)0.86; R p (Gl)0.95; R p (A2) 0.62, [d^ -28.2°; 

-29.3°; [aJ^6 -33.2°; CaJ^ -56.2°; W^ -87.0° (c 1.23 in

3 O6 requires C, 65.17; H, 7.09; N, 8o45%. Found: C, 64.87; 

H, 6.93; N, 8.25%. T (CDC! 3 ) 1.45 (2H, d, pyridyl 2-and 6-protons), 2.72 

(5H, s, C6 H 5 .CH 2 .), 2.75 (2H, d, pyridyl 3- and 5-protons), 4.58 (1H, complex, 

t.buiyl NH), 4.85 (2H, s, pyridyl. CH 0 .), 5.48 (5H, s, CA H,.ChL.O), 5.6 (1H,
— JL O D — £.

complex, CHL.CH.), 6.3 (3H, complex, N.ChL. (CH 0) 0 ; CH 0 .CH-CO), 8.0 o — — J, 2. /. JL —

(4H, complex, CH 0 . (CHJ9 .CH), 8.55 (9H, s, (ChLUC.), 8.8 (3H, d, J 8 c/sec,
£. —

.CH3 -CH).

g-t-Butoxycarbonyl-Q-benzy 1 - L-ty rosy 1 -O-benzyl-j.-threonyl-j.-proline 4-pJcolyl 

ester (42)

a-t-Butoxycarbonyl-O-benzyl-L-tyrosine (4.45 g, 12.0 mmole) and 

1-hydroxybenzotriazole (1.84 g, 12.0 mmole) were dissolved in tetrahydrofuran 

(25ml). N,N'-Dicyclohexylcarbodi-imide (2.47g, 12.0 mmole) was added and 

the mixture stirred for 1 hour at 0 and 1 hour at room temperature.

The dipeptide (41) (4.97 g, 10.0 mmole) was shaken in trifluoroacetic acid 

(20 ml, 260 mmole) for 20 minutes at 0 and evaporated to a yellow oil. Trituration 

with diethyl ether gave a white solid which was taken up in tetrahydrofuran (20 ml) 

and added to the activated mixture. The solution was brought to pH 8 with N,N- 

di-idopropy!ethylamine (3.5 ml, 20 mmole) and stirred at room temperature. T.I.c. 

(E4, G3) indicated that there was still amino component present after 30 minutes 

but the reaction was complete after 3 hours. Isolation by the Amberlyst 15 (3-bromo- 

pyridinium form) procedure gave the protected tripeptide (42) (6.49 g, 86.6%) as a
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chromatographically pure, white powder of m.p. 48-50 , R (E4) 0.65; R_ (Gl)

0.97; R p (G3)0.90; R p (A2) 0.65, [a -20.0°; [al^g-21.70; Ea3 -24.3°;

-39.5°; [aI -60.4° (c 0.95 in CHCl). CHN O H 2 O rec^ uires

C, 67.16; H, 6.82; N, 7.29%. Found: C, 67.4; H, 6.71; N, 7.33%.

a-t-Butoxycarbonyl-L-phenylalanyl- O -benzyl-^ - iyrosyl - O -benzyl-^ -threonyl-L - 

proline 4-picolyl ester (43)

a-t-Butoxycarbonyl-L-phenylalanine (1.58 g, 6.0 mmole) and 1-hydroxy- 

benzotriazole (0.918 g, 6.0 mmole) were dissolved in tetrahydrofuran (50 ml). 

N, N'-Dicyclocarbodi-imide (1.24 g, 6.0 mmole) was added and the mixture stirred 

at 0 for 1 hour and 2.5 hours at room temperature.

The tripeptide (42) (3.75 g, 5.0 mmole) was shaken in trifluoroacetic acid 

(15 ml, 195 mmole) for 20 minutes at 0 and evaporated to give a dark oil. Trituration 

with diethyl ether gave a white solid which was taken up in chloroform (20 ml). The 

solution was cooled to 0 and triethylamine (3.6 ml, 20 mmole) added; evaporation 

gave a colourless oil which was taken up in tetrahydrofuran (10 ml) and added to the 

activated mixture. T.I.c. (E4, G3) indicated that the reaction was complete after 

1 hour and isolation by the Amberlyst 15 (3-bromopyridinium form) procedure gave 

the protected tetrapeptide (43) (4.13 g, 91.8%) as a chromatographically pure, white 

powder of m.p. 90-2°, R p (E4) 0.57; R p (G3) 0.91; R p (G4) 0.90; R p (A2) 0.68,

; C 8 -20.,°; < -22.9°; K& -36.9°; U*. -57.0°

(c 0.99 in CHCI 3 ). C^H^N^c- requires C, 69.50; H, 6.62; N, 7.78%. 

Found: C, 69.23; H, 6.23; N, 7.58%. Ammo-acid analysis gave Phe, 1 .00; 

Tyr, 0.99; Thr, 0.99; Pro, 1.00. Based on Pro = 1 .00.
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a-t-Butoxycarbonyl-L"phenylalanyl-L-phenylalanyl-- O-benzy I -L-ty rosy I - O-be nzyl- 

L-threonyl-L-proline 4-picolyl ester (44)

a-t-Butoxycarbonyl-L-phenyialanine (1=43 g, 5.4 mmole) and 1-hydroxy- 

benzotriazole (0.826 g, 5.4 mmole) were dissolved in tetrahydrofuran (30 ml). 

N,N'-Dicyclocarbodi-imide (1.11 g, 5.4 mmole) was added and the mixture stirred 

at 0 for 1 hour and at room temperature for 1.5 hours.

The tetrapeptide (43) (4.05 g, 4.5 mmole) was shaken In trifluoroacetic acid 

(15 ml, 195 mmole) for 20 minutes at 0 and evaporated to give a yellow oil. 

Trituration with diethyl ether gave a white solid which was taken up in chloroform 

(30 ml). The solution was cooled to 0 and triethylamine (2.46 ml, 18 mmole) added; 

evaporation gave a colourless oil which was taken up in tetrahydrofuran (10 ml) and 

added to the activated mixture. T. I.e. (E4, G3) indicated that the reaction was 

complete within 30 minutes and isolation by the Amberlyst 15 (3-bromopyridinium 

form) procedure cave the protected pentapeptide (44) (4.15 g, 88.4%) as a chromato- 

graphically pure, white powder of m. p. 138-40°, R (E4) 0.63; R (G3) 0.98;

R p (G4)0.85; R p (A2) 0.68, [a] 0 -29.7°; 0-31.2°; [cJ -35.0°;

Ca3 436 "61 -°°; Ca3 365 "96 ' 5° (c °- 41 in CHC1 3 ) ' C61 H 68 N6°10- H 2° recluires 

C, 68.80; H, 6.67; N, 7.90%. Found: C, 69.0; H, 6.47; N, 7.78%.

Amino-acid analysis gave Phe, 2.03; Tyr, 1.01; Thr, 0.99; Pro, 1.00. Based on 

Pro= 1-00.

2 - (p - B IphenylyQ-isopropyloxycarbonylglycyl-^ -phenylalanyl-|--phenylalanyl-O- 

benzyl-L-ryrosyl-O-benzyl-L-threonyl-L-prolIne 4-picolyl ester (18)

The pentapeptide (44) (1.063 g, 1 mmole) was shaken in trifluoroacetic acid 

(5 ml, 65 mmole) for 20 minutes at 0 . Evaporation gave a clear oil which on
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trituration with diethyl ether gave a white solid. This was taken up in chloroform 

(10 ml), cooled to 0 and triethylamine (0.55 ml, 4 mmole) added; evaporation 

gave a slightly coloured oil which was taken up in tetrahydrofuran (10 ml) and 

added to 2-(p-biphenyly!)-isopropyIoxycarbonylg!ycine N-hydroxy-succinimide 

ester (0.43 g, 1 mmole) in tetrahydrofuran (10 ml) at 0°. T.l.c. (E4, G3) indicated 

that the reaction was complete after 2 hours and isolation by the Amberlyst 15 

(3-bromopyridinium form) procedure gave the protected hexapeptide (18) (0.992 g, 

81%) as a chromatographically pure white powder of m.p. 153-4 and R p (E4) 0.66;

R p (G3)0.82; R_(N)0.95; R_ (A2) 0.70, [aJ^0 -30.6°; QJ^Q -33.3°; 
r r r OoV D/o

-36.9°; Cd *° -64.4°; Ca]^,-104.2° (c 0.97 in CHCL). C-^hLJNLO,, 
4oo ooo o 74 77 7 l I

requires C, 71.60; H, 6.26; N, 7.91%. Found: C, 71.37; H, 6.25; N, 7.75%. 

Amino-acid analysis gave Gly, 1.00; Phe, 1.99; Tyr, 1.00; Thr, 1.01; Pro, 1.00. 

Based on Pro = 1.00.

The protected hexapeptide (18) was also prepared in the following manner. 

2-(p-BiphenyIyl)-isopropyloxycarbonyIg!ycine was liberated from its dicyclohexyl- 

ammonium salt (0.545 g, 1 .1 mmole) by partition ing between diethyl ethyl (50 ml) 

and citric acid (1.0^, 100 ml) at 0 . The organic layer was washed with water 

(2x50 ml), brine (50 ml) and dried. T.l.c. (R (E4) 0.31; R p (G3) 0.81) indicated 

that the protected amino acid had suffered no decomposition on liberation. Evaporation 

gave a white solid which was taken up in tetrahydrofuran (10 ml), N,N'-dicyclo- 

hexylcarbodi-imide (0.227 g, 1.1 mmole) was added and the mixture stirred at 0 

for 1 hour.

The pentapeptide (44) (1 .063 g, 1 mmole) was shaken in trifluoroacetic acid 

for 20 minutes at 0 and evaporated to give an oil. Trituration with diethyl ether
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gave a white solid which was dissolved in chloroform at 0 . Triethylamine (0.55 ml, 

4 mmole) was added and the solution evaporated to give an oil which was taken up 

in tetrahydrofuran (10 ml) and added to the previously activated mixture. I. I.e. 

(E4, G3) indicated that the reaction was extremely slow but was completed within 

2 days. Isolation by the Amberlyst 15 (3-bromopyridinium form) procedure gave the 

protected hexapeptide (18) (0.91 g, 73%) with similar characteristics as before.

Studies with Diphenyldiazomethane

In view of the projected difficulties thought to arise in the decomposition 

of excess diphenyldiazomethane used in the projected esterification of protected

peptides, a series of organic and inorganic acids were investigated as possible

144 replacements for concentrated hydrochloric acid used in the original reference.

A solution of diphenyldiazomethane in ethyl acetate (1 mmole ml ) was 

stirred with acid (1 ml) and the disappearance of the deep maroon colour noted with 

time, 

(i) Malonic acid (0.01M). Colour gradually faded and was completely gone In

3 minutes.

(ii) Tartaric acid (0.01^)- No colour change within 5 minutes but gradual hydrolysis

gave a colourless solution within 1 hour.

(iii) Citric acid (0.7M)- No immediate colour change. Gradual hydrolysis within

1 hour.

(iv) Glacial acetic acid. Complete decolourisation within 30 sees.

(v) 50% Aqueous acetic acid. Complete decolourisation within 1 minute.

(vi) Hydrochloric acid (6^). Complete decolourisation < 10 sees.
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(vii) Hydrochloric acid (l.OM). Complete decolonisation in 2 minutes, 

(viii) Hydrochloric acid (0. 1J^). Only very slo-w colour change.

Thus probably the most convenient and mildest conditions are satisfied by 

shaking with hydrochloric acid (1.0^) and immediately washing the solution with 

water to remove traces of acid. This has been successfully demonstrated in the 

preparation of 2-(p-biphenylyi)-isopropy!oxycarbonylglycine benzhydryl ester (46).

The stability of (46) was investigated to its reaction with very dilute acid 

for a prolonged period. A solution of (46) (20 mg, 0.04 mmole) in chloroform (2 ml) 

was vigorously shaken with hydrochloric acid (0.01/yJ, 2 ml) and studied by t.l.c. 

(E4, B). A trace of decomposition was observed after 5 minutes but this did not 

increase after 2.5 hours and it was only after 2 days that complete decomposition 

was obtained.

The stability of diphenyldiazomethane to acid was studied by titrating 

aliquots (100X) in 85% aqueous dimethylformamide with hydrochloric acid (l.OM) 

on an autotitrator and observing the rate of uptake of acid and colour of solution. 

The original solution is a deep maroon colour. 

pH 4.0 Virtually no hydrolysis. 

pH 3.0 Slow uptake of acid with the appearance of traces of white insoluble

material.

pH 2.5 Slow hydrolysis, colour almost removed indicating little diphenyldiazo­ 

methane remaining, increase of Insoluble material. 

pH 2.0 Complete hydrolysis; solution colourless.

The decomposition of excess diphenyldiazomethane in conditions that would 

be used in projected reactions, i.e. protected octapeptides, was investigated using
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piperidino-oxycarbonylglycine and 2-(biphenyIyl)-isopropyloxycarbony!glycine 

benzhydryl esters (47) and (46) respectively. It was thought that 85% aqueous 

dimethylformamide would be needed for complete solubilisation of partially 

protected peptides such as (51).

85% Aqueous dimethylformamide (1.5 ml) was brought to pH 2.5 with 

hydrochloric acid (1.0^) on an autoburette. Piperidino-oxycarbonylglycine benz­ 

hydryl ester in dimethylformamide (100X, 95 mg ml ) and diphenyldiazomethane 

in dimethylformamide (100 X, 500 mg ml ) were added and the excess diphenyl­

diazomethane decomposed by the addition of hydrochloric acid (l.OM) from an 

autoburette. When hydrolysis was complete the solution was brought to pH 6-7 with 

sodium hydroxide (1-OM) and investigated by t.I.c. (E4, B). This was repeated at 

pH 3.0 and 4.0. Control experiments were carried out with diphenyldiazomethane 

and (47) separately.

Over the pH range 2.5-4.0 it was found that piperidino-oxycarbonylglycine 

benzhydiyl ester (47) was completely stable and that the additional spots observed 

by t.I.c. could be assigned to decomposition products of the diphenyldiazomethane.

This procedure was repeated with 2-(biphenyIyl)-isopropyloxycarbony!g!ycine 

benzhydryl ester (44) and it was found that at pH 2.5-3.0 a small amount of 

decomposition had occurred with the liberation of 2-biphenyl-propan-2-ol and 

2-biphenyi-2-propene and formation of glycine benzhydryl ester of approximately 5%.

2-(p-Biphenylyl)-isopropyloxycarbonylglycine benzhydryl ester (46)

2-(p-Biphenylyl)-isopropyloxycarbonyIgIycine (313 mg, l.Ommoie) was 

liberated from its dicyclohexylammonium salt (494 mg, 1.0 mmole) by partition 

between citric acid (0.7M, 50 ml) and ethyl acetate (2 x 25 ml) at 0°. The combined
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organic fractions were washed with water (25 ml), brine (25 ml) and dried at 4°. 

Evaporation gave a white solid which was taken up in ethyl acetate (10 ml). 

Diphenyldiazomethane (234 mg, 1.2 mmole) In ethyl acetate (5 ml) was added and 

the mixture stirred overnight when the original dark red solution had become almost 

colourless. Td.c. (E4, N) indicated complete reaction. Concentrated hydrochloric 

acid was added dropwise until the solution became colourless. It was then immediately 

washed with water (3 x 25 ml), saturated sodium hydrogen carbonate (3 x 25 ml), 

water (3 x 25 ml), brine (3 x 25 ml) and dried. Evaporation gave a colourless gum 

which was re crystal Used from diethyl ether and 30-40° petroleum ether to give 

2-(p-b?phenylyl)-isopropyloxycarbonylg!ycme benzhydryl ester (46) (400 mg, 83.5%)

as long white needle crystals of m.p. 113.5-115°, R r (E4) 0.87; R_ (G3) 0.98;
r r

R p (A2) 0.72; R p (N) 0.85; R p (B) 0.66. C31 H 29NO4 requires C, 77.64; H, 6.10; 

N, 2.92%. Found: C 7 77.65; H, 6.16; N, 2.94%. T (CDCIg) 2.52-2.68 (19H, 

complex, aromatic), 3.08 (1H, s, (C^^.CH), 4.8 (1H, NhKCh^), 6.0 (2H, d,

NH.CH 0 .CO.), 8.32 (6H, s, (ChLL.C.). — z. ~~o z.

In another preparation it was found possible to remove excess diphenyldiazo- 

methane by washing the organic layers with portions of hydrochloric acid (1. 0^). 

This milder method proved more satisfactory.

Removal of the 2-(p-b?phenylyl)-isopropyloxycarbonyl group

The compound 2-(p-bipheny!yl)-isopropyloxycarbonyIglycine benzhydryl 

ester (46) (1 ml, 6 mg ml in CHLCL) was treated In various acidic solvents to 

ascertain the optimum conditions for removal of the 2-(p-biphenylyl)-isopropyloxy- 

carbonyl group in the presence of the benzhydryl ester group. The reaction was 

easily followed by absorbance at 254 nm of the liberated 2-biphenyl-propan-2-ol
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and 2-biphenyl-2-propene R p (E4) 0.83 and 0.64, R (B) 0.65, and 0.18

respectively.

(i) 0.05% trifluoroacetic acid in dichloromethane (1 ml)

Very fast removal, within 5 minutes, formation of traces of glycine after 

30 minutes.

(ii) 0.15% trifluoroacetic acid in dichloromethane (1 ml)

Very fast removal/, within 30 seconds, traces of glycine after 30 minutes, 

(iii) 6:1 (v/v) acetic acid; dichloroacetic acid (1 ml)
t

Fast reaction, completion within 30 minutes, 

(iv) Dich!oromethane-75% chloroacetic acid, 50:37 (1 ml)

Fast reaction, completion within 10 minutes, traces of possibly glycine 

formed after 30 minutes.

(v) 0.5% trifluoroacetic acid in dichloromethane (1 ml), model compound solution 

(2ml). 0°.

Removal in 25-30 minutes, no traces of any completely deprotected material.

Thus it is apparent that the 2-(p-biphenyly!)-isopropyloxycarbony! group 

could be readily removed in the presence of the benzhydryl ester group although 

any prolonged treatment caused some ester decomposition. It was concluded that 

the most satisfactory conditions were met by employing 0.5% trifluoroacetic acid 

in dichloromethane at 0 .

Glycine benzhydryl ester trifluoroacetate (48)

To a cooled stirred solution of 2-(p-biphenyIyl)-isopropyloxycarbonyIglycine 

benzhydryl ester (46) (205.5 mg, 0.428 mmo|e) in dichloromethane (0.5 ml) was 

added 0.5% trifluoroacetic acid in dichloromethane (1 ml). T.l.c. (E4, B)
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indicated a slow reaction but deprotection was complete within one hour. The 

solution was evaporated and triturated with diethyl ether to give glycine benzhydryi 

ester trifluoroacetate (48) (130 mg, 89%) as a white powder of m.p. 157-160° and 

R p (E4) 0.25 streak, R p (B) 0.15 streak. C^H^NO^ requires C, 57.43; 

H, 4.54; N, 3.94; F, 16.04%. Found: C, 57.15; H, 4.68; N, 4.11; 

F, 16.18%.

Piper id ino-oxycarbonylgly cine benzhydryi ester (47)

Piperidino-oxycarbonylglycine (185 mg, 0.915 mmole) was dissolved in a 

mixture of ethyl acetate (10 ml) and chloroform (2 ml)., Diphenyldiazomethane 

(215 mg, 1.15 mmole) in ethyl acetate (5 ml) was added and the mixture stirred 

overnight at room temperature. The deep maroon colour of the solution gradually 

disappeared and t.l.c. (E4, G3) indicated complete reaction. The solution was 

washed rapidly with hydrochloric acid (1.0^, 2x3 ml), water (2x5 ml), saturated 

sodium hydrogen carbonate (2x5 ml), water (2x5 ml), brine (2x5 mi) and dried. 

Evaporation gave a white solid which was re crystallised from ethyl acetate/30-40 

petroleum ether to give piperidino-oxycarbonylglycine benzhydryi ester (47) 

(240.8 mg, 72.0%) as white needle crystals of m.p. 124-5 . ^21 H 24 N 2^4 recl u ' res 

C, 68.5; H, 6.57; N, 7.63%. Found: C, 68.15; H, 6.47; N, 7.63%.

T (CDCL) 2.58 (10H, complex, aromatic), 3.10(1H, s, CO.CH), 4.8 (1H, s, NH), 
o — —

5.85 (2H, d, NH.CH2 .CO), 7.0 (4H, d, CH^N.CH^ 8.3 (c, 6H, CH^CH

Removal of the piperidino-oxycarbonyl group

The compound piperidino-oxycarbonylglycine benzhydryi ester (47) was 

investigated to determine optimum conditions for the removal of the piperidino-
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oxycarbonyl group in the presence of the benzhydiyl ester group. T.l.c. (E4, B) 

indicated formation of liberated piperidine R (E4 and B) 0.0. 

(i) 80% aqueous dimethylformamide

Piperidino-oxycarbonylglycine benzhydryl ester (47) (30 mg, 0.0815 mmole) 

was dissolved in 80% aqueous dimethylformamide (1 ml). Excess sodium dithionite 

(50 mg, 0.26 mmole) was added. The solution turned gradually yellow but after 

5 hours only slight deprotection had taken place. A trace of 50% aqueous acetic 

acid was added and stirring continued overnight when complete removal had occurred 

(ii) 50% aqueous acetic acid

Piperidino-oxycarbonylglycine benzhydryl ester (47) (30 mg, 0.0815 mmole) 

was dissolved in 50% aqueous acetic acid (0.5 ml). Excess sodium dithionite (50 mg, 

0.26 mmole) was added with immediate evolution of sulphur dioxide and formation 

of a yellow solution. T.l.c. (E4, B) indicated complete deprotection within 

75 minutes giving a product identical to the sample obtained from the deprotection 

of 2-(p-biphenylyl)-isopropyloxycarbonyIgIycine benzhydryl ester (46).

Studies of the Protected Precursor

g-t-Butoxycarbony I - O-benzy 1 -L-threonyl-L-prolyl-e-t-butoxycarbonyl-L-lysyl-L- 

alanine 4-picolyl ester (49)

The tetrapeptide (23) (141 mg, 0.157 mmole) was dissolved in 50% aqueous 

acetic acid (0.5 ml), sodium dithionite (50 mg, 0.26 mmole) was added and the 

mixture stirred for 20 minutes at room temperature. The solution turned immediately 

orange and finally gave a clear solution. T.l.c. (E4, G3) indicated complete 

removal of the e-piperidino-oxycarbonyl group. The solution was neutralised with
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sodium hydrogen carbonate and evaporated to give a white solid which was taken 

up in dimethylformamide (5 ml). Triethylamine (0.0217 ml, 0.471 mmole) and 

excess t-butoxycarbonyl azide (0.026 ml, 0.184 mmole) were added and the mixture 

stirred at room temperature overnight. Evaporation produced a white solid which 

was triturated with 40-60° petroleum ether, to remove any excess t-butoxycarbony! 

azide and cooled in an ice-salt bath. Citric acid (0.7A4, 10 ml) was added and the 

product extracted into ethyl acetate (2x10 ml) with solid sodium hydrogen carbonate. 

The combined organic phases were washed with water (2x10 ml), brine (2x10 ml) 

and dried. Evaporation gave a colourless gum which on standing under 40-60 

petroleum ether and trituration gave the protected tetrapepride (49) (89.1 mg, 

66.1%) as a chromatographically pure white powder of m.'p. 55-7 , R p (E4) 0.60;

R (G3)0.81; R p (A2)0.48, [0^° -29.7°; [0^° -31 . 1°; Ecdi?° -34.1°; 
r r ooV o/o o46

Ca3 436 ~64 - 5°; Cct3 365 -- c - n

C, 60.42; H, 7.67; N, 10.31%. Found: C, 60.94; H, 7.72; N, 10.04%.

a-Benzyloxycarbonylglycyl-L-phenylalanyl-L-phenylalanyl- O-benzy 1 "L~ty rosy I - 

O - benzyl -.L -threonyl-L -pro lyl-e -t-butoxycarbony I -L -lysyl-L-alanine 4-p?colyl 

ester (50)

The octapeptide (8) (200 mg, 0.14 mmole) was dissolved in 50% aqueous 

acetic acid (2 ml). Excess sodium dithionite (50 mg, 0.26 mmole) was added and 

the mixture stirred at room temperature for 20 minutes. T.l.c. (E4, G3) indicated 

complete removal of the e-piperidino-oxycarbonyl group; the solution was neutralised 

with sodium hydrogen carbonate, evaporated to a white solid, triturated with water 

and dried. This was taken up in dimethylformamide (10 ml) and triethylamine added 

until pH 9.8. Excess t-butoxycarbonyl azide (0.4 ml, 0.28 mmole) was added and
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the mixture stirred overnight at room temperature. Evaporation gave a yellow oil 

which was triturated with diethyl ether, to remove excess t-butoxycarbonyl azide, 

and was taken up in chloroform (10 ml) and washed with water (10 ml), saturated 

sodium hydrogen carbonate (2x10 ml), brine (2x10 ml) and dried. The solution 

was applied to Amberlyst 15 (4 ml, 3-bromopyridinium form). T.l.c. (E4, G3) 

indicated that the peptide had been completely absorbed within 1 hour. The column 

was washed with chloroform (100 ml) and eluted with 40% pyridine in dimethyl- 

formamide (100 ml cooled overnight). Evaporation of the eluate gave an oil which 

on trituration with diethyl ether gave the protected octapeptide (50) (145 mg, 72%) 

as a chromatographically pure, white powder of m.p. 114-21°, R (E4) 0.66;

R p (G3) 0.82; R p (A2) 0.54; R p (N) 0.75, U -32.6; U -33.9; 

0 *° ° °[d-38.9; Cd -69.4; [0 -116.3 (c 1 in CHCL). C Q ,H 0/< N inO_.2H 0 O Mo 4oo ooo o 81 94 1U ID 2

requires C, 65.2; H, 6.66; N, 9.51%. Found: C, 65.60; H, 6.55; N, 9.44%. 

Amino acid analysis gave Giy, 1.01; Phe, 1.98; Tyr, 0.98; Thr, 1.00; Pro, 1.00; 

Lys, 0.99; Ala, 1.00. Based on Ala = 1 .00.

Hydrogenation studies

(i) 80% aqueous dimethyl formamide

The octapeptide (50) (10 mg) was hydrogenated in 80% aqueous dimethyl- 

formamide (1 ml) with 5% palladium on charcoal. After 32 hours, electrophoresis 

at pH 1.9 and pH 6.5 indicated a heavy base line spot and only traces of a possible 

product. There was however an intense spot corresponding to 4-methyI-piperidine, 

the reduction product of the 4-picolyl ester. 

(ii) Dimethyl formamide containing a trace of acetic acid

Hydrogenation of the octapeptide (50) (5 mg) with 5% palladium on charcoal



155

gave a product that remained as a base line spot on similar electrophoresis even

after 64 hours.

(ill) 50% Aqueous acetic acid

The tetrapeptide (23) (28 mg) in 50% aqueous acetic acid (2.8 ml) was 

hydrogenated with 10% palladium on charcoal (10 mg). Electrophoresis after

27 hours indicated complete reaction. E^ ] ' 9 0.43; E* 0.01. Ninhydrin
A rg

positive, initialiy yellow turning red due to a free e-amino group,,

(iv) The pentapeptide (24) (31 mg) in 50% aqueous acetic acid (3 ml) was

hydrogenated with palladium black (10 mg) for 72 hours. The reaction was complete

after 27 hours and no further change took place. E^ * 0.34; E^ * 0.02.
A rg A rg

Ninhydrin positive, initially yellow turning red as in (iii), and also tyrosine positive. 

It was found that the ornitroso-p-naphthol reagent is positive only for a free phenolic 

hydroxy! group. 

(v) 80% Aqueous acetic acid

The octapeptide (50) (10 mg) in 80% aqueous acetic acid (3 ml) was 

hydrogenated with 10% palladium on charcoal (10 mg) for 18 hours. Electrophoresis, 

pH 1 .9 and pH 6.5, indicated that the previous base line spot had disappeared and 

was replaced with spots, E*! * 0.26 and E^ " 0.45, both yellow with 

nlnhydrln but the latter turning red rapidly indicating a free e-amino group and 

hence t-butoxycarbonyl cleavage. This latter spot increased in intensity after 

further hydrogenation. 

(vi) 50% Aqueous acetic acid

The octapeptide (50) (20 mg) in 50% aqueous acetic acid (2 ml) was

*

hydrogenated with 10% palladium on charcoal (10 mg) for 30 hours. Electrophoresis
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gave a single m,-. /;',,-in and iyrosine positive spot, E^ u. 27 and E' 0.01
1 r r ' Arg Arg

sne posve spot, K9 
r r ' Arg

(vii) 50% Aquer .cetic acid

The au.:H,;a analogue (13) (20 mg) was hydrog^ noted as in (vi). Electro-

phoresis gave a single ninhydrin and iyrosine spot, E^H 1>9 0.55 and E^ 6 ' 5 0.30.
A rg A rg

Glycyl-L-phenylalany[-L -phenylalanyl-L -tyrosyl-L -threonyl-j, -prolyl-e-t-butoxy- 

carbonyl-L-lysyl-L-aianine (51)

The prcrc :^od octapeptide (50) (62.1 mg, 0.042 mmole) was dissob 3d in 

50% aqueous -ce.Ic acid (6 ml) and hydrogenated for 30 hours with 10% palladium 

on charcoai v ' ! 0 ;.ig). The solution was filtered through Celite and washed with more 

50% aqueous acetic acid (10 ml); evaporation gave the octapeptide (51) (40 mg, 

86%) as a chromatographically pure white powder, R p (G4) 0.80; R p (H) 0.64, 

E^ ' 0.30 and Ev! * 0.01, identical to a sample of the octapeptide (51) 

obtained from a trypsin cleavage of the fully protected insulin (Dr. H. T. Storey). 

C 52H 71 N 9 O 13 .CH3COOH.H 2 O requires C, 58.5; H, 6.96; N, 11.35%. 

Found: C, 58.67; H, 6.67; N, 11.74%. Amino acid analysis gave Gly, 1.01; 

Phe, 1.97; Tyr, 0.98; Thr, 0.99; Pro, 0.99; Lys, 0.99; Ala, 1.00. Based on 

Ala = 1.00.

Glycyl-L-phenylalanyl-L-phenylalanyl-L-tyrosyl-L-threonyl-L-prolyl-e-t-butoxy- 

carbonyl-L-lysyl-L-alanine benzhydryl ester (10)

The octapeptide (51) (0.35 mg) was dissolved in dime thy Iformamide (0.5 ml). 

Excess diphenyldiazomethane (100 X, 100 mg ml in dimethy Iformamide) was added 

and the mixture stirred for 48 hours at room temperature. The maroon colour was 

still present and excess diphenyldiazomethane was decomposed with hydrochloric
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acid (0. 1^) to give a colourless solution. Evaporation and trituration with diethyl 

ether gave a white solid. Electrophoresis before and after trifluoroacetic acid 

treatment gave single spots at pH 1.9 and pH 6.5. Amino acid analysis gave 

Gly, 0.98; Phe, 1.97; Tyr, 0.97; Thr, 0.96; Pro, 1.00; Lys, 0.99; Ala, 1.00. 

Based on Ala = 1 .00. Thus there was no evidence for N-alkylation. EJ? H ] * 9 0.30;

EP H6 ' 5 0.02. Trifluoroacetic acid treated: E 1" 1"1 ] ' 9 0.38; EP H6 ' 5 0.02. 
Arg Arg Arg

Cyclisation Studies

g-t- Bul-pxy carbony Ig lycy I -L -phenylalanyl-L -phenylalanyl- O -benzy I -L-tyrosy I - 

Q-benzyi-L-threonyl-L-proline 4-picolyl ester (52)

a-t-Butoxycarbonylglycine (0.96 g, 5.5 mmole) and 1 -hydroxybenzotriazole 

(0.84 g, 5.5 mmole) were dissolved in tetrahydrofuran (25 ml). N, N'-Dicyclo- 

carbodi-imide (1 .13 g, 5.5 mmole) was added and the mixture stirred at 0 for 

1 hour and at room temperature for 1 .5 hours.

The pentapeptide (44) (5.24 g, 5.0 mmole) was shaken in trifluoroacetic 

acid (30 ml, 390 mmole) at 0° for 20 minutes and evaporated to give a brownish oil. 

Trituration with diethyl ether gave a white solid which was taken up in tetrahydro­ 

furan (20 ml) and added to the acylating mixture. N, N-Di-isopropylethylamine 

(1.36 ml, 10 mmole) was added dropwise to the activated mixture to pH 8. T.l.c. 

(E4, G3) indicated that the reaction was complete within 15 minutes and isolation 

by the Amberlyst 15 (3-bromopyridinium form) procedure gave the protected hexa- 

peptide (52) (5.23 g, 94%) as a chromatographically pure, white powder of 

m.p. 162-3°, R p (E4) 0.65; R p (G3) 0.77;,R p (A2) 0.65, U^ -38.4°;

Ca] 578 ~4°' 0°; ^ "45 ' 6° ; [cJ -78 ' 90°' y " U7 '° (c °' 62 i
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O requires C, 66.70; H, 6.52; N, 8.51%. Found: 

C, 66.54; H, 6.76; N, 8.54%. Amino-acid analysis gave Gly, 1 -00; Phe, 

1.99; Tyr, 1.00; Thr, 1.01; Pro, 1.00. Based on Pro = 1 . 00.

a-t-Butoxycarbonyl-e-piper?dino-oxycarbonyl-L.-lysylglycyl -L-phenylalanyl-.L- 

phenylalanyl-O-benzyl-^-tyrosyl-O-benzyl-L-threonyl-L-proline 4-picolyi ester (53)

a-t-Butoxycarbonyl-e-piperidino-oxycarbonyl-.L-lysme (0.465 g, 1.25 mmole 

liberated from the dicyclohexylammonium salt) and 1 -hydroxybenzotriazole (0.197 g, 

1 .25 mmole) were dissolved in tetrahydrcfuran (20 ml). N, N'-Dicyclohexyicarbodi- 

imide (0.258 g, 1 .25 mmole) was added and the mixture stirred for 1.5 hours at 0 

and 1 hour at room temperature.

The hexapeptide (52) (1 .14 g, 1 .0 mmole) was shaken in trifluoroacetic 

acid (5 ml, 65 mmole) for 20 minutes at 0 and evaporated to give a yellowish oil. 

Trituration with diethyl ether gave a white solid which was dissolved in tetrahydro- 

furan (10 ml) and added to the acylating mixture. N, N-Di-isopropylethylamine 

(0.34 ml, 2.0 mmole) was added dropwise to the activated mixture to pH 8. T.l.c. 

(E4, G3) indicated that the reaction was complete within 1 hour and isolation by 

the Amberlyst 15 (3-bromopyridinium form) procedure gave the protected hepta- 

peptide (53) (0.896 g, 94.1%) as a chromatographically pure white powder of
oo 

m.p. 160-2°, R p (E4)0.58; R p (G3) 0.71; R p (A2) 0.57, Cd^ -31 .4°;

[a] 527°8 -32.6°; [°-37 ' 5°; W-64 - 8°; U _ }Q4 .<f> (c 1 . 01 in

C H 0 N in0 lx . H 0 0 requires C, 65.48; H, 6.89; N, 10.18%. Found: C, 65.21; 
75 92 1U 14 2

H, 6.99; N, 10.53%. Ammo acid analysis gave Lys, 1.00; Giy, 1.00; Phe, 2.02; 

Tyr, 0.98; Thr, 1.00; Pro, 1.00. Based on ^ Pro = 1 .00.
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g-t-Butoxycarbony I - Q-benzy I HL -threonyl-L -prolyl-e-piperidino-oxycarbonyl- 

L-lysyl-^-alanine (56)

The tetrapeptide (23) (80.1 mg, 0.0972 mmole) was dissolved in dioxan 

(1 ml). Sodium hydroxide (1.32 mi, 0.1M, 0.132 mmole) was added and ihe rnixluro 

stirred at room temperature for 1 hour. Water (10 ml) was added and the pH brought 

to 3.5 by the addition of solid citric acid. The free acid was extracted into ethyl 

acetate (2x5 ml) and the combined organic fractions were washed with water (5 ml), 

brine (5 ml) and dried. Evaporation gave a colourless oil which on trituration with 

diethyl ether gave the protected tetrapeptide (56) (60.9 mg, 86.8%) as a chromato- 

graphically pure white powder of m.p. 69-71 , R p (E4) 0.24 streak; R p (G3) 0.45;

R p (A2) 0.60; R p (N) 0.85, [a]^0 -31.8°; EaJ -32. 3°; [al -36.6°;

-66.1°; [a3 -114.1 (c 1.0 in CHCL). C 0 ,H,,N,O, n requires C, 58.99; ooj o GO oo 6 I U, 4oo

H, 7.70; N, 11.47%. Found: C, 58.72; H, 8.08; N, 11.19%.

a-t-Butoxycarbonyl-e-piperidino-oxycarbonyl-L-lysylglycyl-L-phenylalanyl-L- 

phenylalanyi-O-benzyl-L-ryrosyl-O-benzyl-L-threonyl-L-prol?ne (55)

The heptapeptide (53) (642.1 mg, 0.474 mmole) was dissolved in dimethyl- 

formamide (1 ml). Excess sodium hydroxide (1.0^, 0.57 ml, 0.57 mmole) was 

added and the solution stirred for 1 .5 hours. T. I.e. (E4, G3) indicated that complete 

hydrolysis had occurred. The solution was cooled to 0 , water (20 ml) was added and 

brought to pH 3.5 by the addition of solid citric acid. The product was extracted 

into chloroform (2 x 10 ml) and the combined fractions washed with water (3x10 ml), 

brine (2x10 ml) and dried. Evaporation gave the protected heptapeptide (55)

(570 mg, 94.2%) as a chromatographically pure white powder of m.p. 182-4 ,
ori 

R (E4) 0.1 8 streak; R p (G3) 0.79; R p (N) 0.95; R p (A2) 0.83, Led 589 -22.8°;
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° ° ° °- 26 I

C69H 87N 9 014 . H 2 O requires C, 64.52; H, 6.98; N, 9.82%. Found: C, 64.47; 

H, 7.30; N, 10.00%. Amino acid analysis gave Lys, 1.02; Gly, 1.00; Phe, 

2.02; Tyr, 0.99; Thr, 0.97; Pro, 1.00. Based on Pro = 1 .00.

a-t-Butoxycarbonyl-e-piperldino-oxycarbonyl-L -lysylglycyl-L -phenylalanyl-L - 

phenylalanyl-O-benzyl-L-tyrosy|-Q-benzyl-^-i-hreonyl-L-prolylglycyl -L-phenyl- 

alanyl -L-phenylalanyl-O-benzyl-j=~ryrosyl-O-benzyl-:L-threonyl-j=-prolIne 4-picolyl 

ester (54)

The heptapeptide (55) (481 mg, 0.352 mmole) and 1 -hydroxybenzotriazole 

(53.8 mg, 0.352 mmole) were dissolved in tetrahydrofuran (5 ml). N, N'-Dicyclo- 

hexylcarbodi-imide (72.5 mg, 0.352 mmole) was added and the mixture stirred at 0 

for 2 hours and room temperature for 1 hour when t.l.c. (E4, G3) indicated that the 

active es;~er had formed.

The hexapeptide (52) (357 mg, 0.32 mmole) was shaken in trifluoroacetic 

acid (2 ml, 26 mmole) for 20 minutes at 0 and evaporated to give a yellow oil which 

on trituration with diethyl ether gave a white solid. This was taken up in tetrahydro­ 

furan (5 ml), 'N, N-di-isopropylethylamine (0.111 ml, 0.64 mmole) was added to a 

cooled solution and the mixture added to the previously activated heptapeptide. 

T.l.c. (E4, G3) after stirring overnight indicated that the reaction was complete. 

Isolation by the Amberlyst 15 (3-bromopyridinIum form) procedure gave the protected 

tridecapeptide (54) (602 mg, 72.0%) as a chromatographically pure white powder,
f\r\

R (E4)0.66; R p (G3) 0.98; R p (N) 0.91; R p (A2) 0.67, [a]^ -31 .8°;

-34.3°; U^6 -48.4°; EaT^ -65.8°; Eal^ -104.5° (c 0.51 in CHClg)

C JH, , 0 N 1X O00 requires C 7 67.77; H, 6.63; N, 9.96%. Found: C, 67.48; 
1 27 14o lo Z.L
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H, 6.68; N, 10.21%. Ammo acid analysis gave Lys, 1.00; Giy, 2.02; Phe, 

3.99; Tyr, 1.97; Th r/ 1.97; Pro, 2.02. Based on Lys = 1 .00.

a-t-Butoxycarbonyl-e-piperidino-oxycarbonyl-L-lysyiglycyl -L-phenylalanyl-L- 

phenylalanyl-O-benzyl-j= -tyrosyl-Q-benzyl-L-threonyi-L-prolylglycyl-;L-phenyl- 

QJanyj-L-phenylalanyl-O-benzyl-L-tyrosyl-O-benzyl-L-threonyi-L-prolme (60)

The tridecapeptide (54) (30 mg, 0.0134 mmole) was dissolved in 50% aqueous 

dioxan (1 ml). Excess sodium hydroxide (1 ml, 0.1 mmole) was added and the 

mixture stirred for 1 hour when t.l.c. (E4, G3) indicated complete hydrolysis. The 

solution was diluted with water (10 ml), cooled to 0 and brought to pH 3.5 by the 

addition of solid citric acid. The product was extracted into chloroform (2x10 ml) 

and the combined organic fractions washed with water (3x10 ml), brine (2x10 ml) 

and dried. Evaporation gave the protected tridecapeptide (60) (23.8 mg, 81 .1%) 

as a chromatographlcally pure white solid of m.p. 176-80 , R (E4) 0.20 streak;

n //~-o\ r> on r 1 oo ,O r n 20 o . ,O r -i20 oo O O r -,20 .. _O
R- (G3) 0.80, CaLon -22.6 ; LaJ c^0 -21 .6 ; Led,-,, -23.8 ; Led , 0 , -41 .7 ;

F 589 578 546 4oo

-82.1 (c 0.69 in CHCI 3 ). C 12 1 H 143 N 15°22' 2H2° recl uires C ' 66 ' 22; 

H, 6.71; N, 9.58%. Found: C, 65.73; H, 7.11; N, 9.77%.

Hydrogenation of (60) (10 mg) in 50% aqueous acetic acid (1 ml) for 48 hours 

gave a mixture of products, 2-3 spots on electrophoresis at pH 1.9 and pH 6.5. 

Continued hydrogenation did not resolve this situation.

a-t-Butoxycarbonyl- Q-benzyl-jg-threonyl-L-prolyl-e-piperidino-oxycarbonyl-L- 

lysyl-L-alan?ne hydrazide (59)

The tetrapeptide (23) (50 mg, 0.0608 mmole) was dissolved in methanol (1 ml), 
« ,

A

An excess of hydrazine hydrate (0.0314 ml, 0.6 mmole) was added and the mixture
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stirred at room temperature. The reaction was followed by t.l.c. (E4, G3) and 

the product was detected by hydrazide spray. A fine white precipitate formed 

and the reaction was complete within 1 hour. The product was filtered, washed 

with cold methanol to yield the protected tetrapeptide hydrazide (59) (39 mg, 

86.0%) as a chromatographically pure white powder of m.p. 120-1°, R p (E4) 0.46;

R p (G3)0.66; R p (N)0.62, Col^0 -29.3°; taJ^g-30.8°; [a3^6 -34.8°;
90 9n 

Ccd -60.6°; QJ -97.4° (c 0.33 in CHCL). C 0 ,H CO N 0 O0 .H 0 O requires
•H-OO OOD o OO Oo O 7 Z

C, 56.52; H, 7.90; N, 14.65%. Found: C, 56.50; H, 7.61; N, 14.98%.

a-t-Butoxycarbonyl-e-piperidino-oxycarbonyl-L -lysylglycyl ~L -phenylalanyl-L - 

phenylalanyl- O-benzy I -j_-ty rosy I -O-benzy I -L-rhreony 1 -L"P roly lg I/ cy I -L-phcnyl- 

alanyl -j-phenylalanyl- O-benzy 1 -L-ty rosy I - O-benzy 1-L-threony I -L'pro line 

hydrazide (58)

The protected tridecapeptide (54) (33.6 mg, 0.015 mmole) was dissolved in 

methanol (1 ml). Excess hydrazine hydrate (0.2 ml, 42 mmole) was added and the 

mixture stirred overnight at room temperature. T.l.c. (E4, G3, hydrazine reagent) 

indicated that the reaction was complete. The solution was evaporated to a white 

solid, triturated with diethyl ether and dried to give the protected tridecapeptide 

hydrazide (58) (25 mg, 75.6%) as a chromatographically pure white powder of 

m.p. 183-6°, R p (E4) 0.60; R p (G3) 0.91, Ca]^0 -25.1° (c 0.71 in

C 121 H 145N 17021 .2H 2 0 requires C, 65.77; H, 6.79; N, 10.78%. Found: 

C, 66.10; H, 6.40; N, 10.59%.

Hydrogenation of (58) (10 mg) in 50% aqueous acetic acid (1 ml) with 5% 

palladium on charcoal (10 mg) for 48 hours gave a mixture of products, 3 main spots 

on electrophoresis pH 1.9 and pH 6.5. Continued hydrogenolysis failed to improve 

this situation.
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Attempted cyclisation of N-g-t-butoxycarbonyl-L-lysylglycyl-L-phenylaianyl-L-

-O-benzyl-j^-threonyl-L-prolylglycyl -L-phenyl-

algnyj-L-phenyialanyl-O-benzyi-L-iyrosyl-O-benzyi-L-fhreonyl-L-proline (61)

The protected tridecapeptide (60) (225 mg, 0.1 mmole) was dissolved in 

20% aqueous acetic acid (0.5 ml) and excess sodium dithionite (50 mg) was added. 

The solution turned orange and then cleared after 20 minutes. T.l.c. (E4, G3) 

indicated complete removal of the e-piperidino-oxycarbonyl group. The solution 

was neutralised with sodium hydrogen carbonate and evaporated to dryness and 

triturated with water. The deprotected material (61) was dried at high vacuum, 

(i) N, N'-Dicyclohexylcarbodi-imide—1 -hydroxybenzotriazole

The deprotected tridecapeptide (61) (50 mg, 0,022 mmole) was dissolved 

in dimethylformamide (20 ml). N, N'-Dicyclohexylcarbodi-imide (25 mg, 0.022 mmol 

1-hydroxybenzotriazole (20 mg, 0.022 mmole) and triethylamine (0.03 ml, 

0.022 mmole) were added and the mixture stirred at room temperature for several 

days. T.l.c. (E4, G3) strongly suggested that a large amount of starting product 

and urea was present. There was no indication of any formation of other products, 

(ii) N, N'-D'cyclohexylcarbodi-imide —N-hydroxysuccinimide

The deprotected tridecapeptide (61) (50 mg, 0.022 mmole) was dissolved in 

dimethylformamide (35 ml) and N-hydroxysuccinimide (25 mg) added. The solution 

was stirred for 1.5 hours at 0°. N, N'-Dicyclohexylcarbodi-imide (30 mg) was 

added and the solution neutralised with N, N-di-idopropylethylamine and stirred 

for 2 days at room temperature. The mixture was evaporated and taken up in 

chloroform (25 ml) and washed with water (20 ml), saturated sodium hydrogen 

carbonate (3 x 20 ml), brine (2 x 20 ml) and dried. T.l.c. (E4, G3, A2) indicated
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that no cyclic product with high R p values had formed and that only starting 

material and urea were present.

(iii) 2-Ethy!-5-phenylisoxazo!ium-3'-suIphonate

193 The method of Blaha and Rudinger was followed. The deprotected

tridecapeptide (61) (50 mg, 0.022 mmoie) was dissolved in dimethylformamide 

(35 ml) at 0 and stirred with 2-ethy!-5-phenyIisoxazoIium-3'-sulphate (25 mg) 

.for 2 hours. N, N'-Di-isopropylethylamine (0.031 ml, 0.022 mmoie) was added and 

the solution diluted with dimethylformamide (10 ml). After 60 hours the mixture was 

isolated as in (ii) and no cyclic product could be detected by t.l.c. (E4, G3, A2). 

Large amounts of starting material were still present, 

(iv) Mixed anhydride

The protected tridecapeptide (61) (50 mg, 0.022 mmoie) was dissolved in 

tetrahydrofuran (30 ml) and cooled to -20 . s-Butyl chloroformate (0.25 ml) was 

added and the mixture stirred at -10 for 20 minutes; the solution was neutralised 

with N, N-di-isopropylethylamine and diluted with tetrahydrofuran (20 ml). The 

mixture was stirred for 60 hours at room temperature and isolated as in (ii). T.l.c. 

(E4, G3, A2) only detected starting materials without any indication of the formation 

of a cyclic product.



165

References

1. J. v. Mering and O. Minkowski, Naunyn-Schmiedebergs Arch.exp.PathoI. 

Pharmakol. 26, 371 (1890).

2. De Meyer, Archivio di fisioiogia 7, 96 (1909).

3. F. G. Banting and C. H. Best, J.Lab.cIin.Med. 7, 251 (1922).

4. J 0 J 0 Abel, Proc.Nat.Acad.Sci.USA V2, 132 (1926).

5. D. A. Scott, Biochem.J. 28, 1592 (1934).

6. R. Go Romans, Ind.Eng.Chem. 32, 908 (1940).

7. L e F. Smith, Biochim. Biophys.Acta 82, 231 (1964).

8. E. J. Harfenistand L. C. Craig, J.Amer.chem.Soc. 74, 3083 (1952).

9. F. H. Carpenter and S. L. Hayes, Biochemistry 2, 1272 (1963).

10. A. Mirsky and K. Kawamura, Endocrinology 78, 1115 (1966).

11. L. F. Smith, Amer.J.Med. 40, 662 (1966).

12. A. P. Ry!e, F. Sanger, L. F. Smith and R. Kitai, Biochem.J. 60, 541 (1955),

13. M. J. Adams, T. L. Blundeli, E. J 0 Dodson, G. G. Dodson, M. Vi{ayan, 

E. N. Baker, Mo M. Hording, D. C. Hodgkin, B. Rimmer and S. Sheat, 

Nature, Lond. 224, 491 (1969); T. L. Blundell, J. F. Cutfieid, S. M. 

Cutfieid, Eo Jo Dodson, G. G. Dodson, D 0 C 0 Hodgkin, D. A, Mercola 

and M. V.jayan, Nature, Lond. 231, 506 (1971); T. L. Blundell, E. J. 

Dodson, Go G. Dodson, D. C. Hodgkin and M. Vijayan, Rec.Prog.Hormone 

Res. 207, 1 (1971).

14. B. Sjiigren and T. Svedberg, J.Amer.chem.Soc. 53, 2657 (1931).

15. E. Fredericq and H. Neurath, J.Amer.chem.Soc. 72, 2684 (1950).



166

16. E. Frederlcq and H. Neurath, J.Pol.Sci. ]_2, 287 (1954).

17. E. Frederlcq and H. Neurath, Arch. Biochem.Biophys. 65, 218 (1956).

18. E. Fredericq and H. Neurath, Bull.Soc.Chirn.Beiges 65, 960 (1956).

19. E. Fredericq and H. Neurath, J.Amer.chem.Soc. 79, 599 (1957).

20. P. Doty, M. Gellertand B. Ravinovitch, J.Amer.chem.Soc. 74, 2065 (1950).

21. P. D. Jeffrey and J 0 H. Coats, Biochemistry 5, 489 (1966).

22. P. D. Jeffrey and J 0 H, Coats, Biochemistry 5, 3820 (1966).

23. D. W. Kupke and K. Lindenstrp'm-Lang, Biochem. Biophys.Acta 13, 153

'0954); D. W 0 Kupke, C.r.Trav.Lab.Carlsberg, Ser.Chim. 32, 107(1961).

24. Eo D. Rees and S. J. Singer, Nature, Lond. 176, 1072 (1955).

25. D. A. Yphantis and D. F. Waugh, Biochim. Biophys.Acta 26, 218 (1957).

26. D. F. Steinerand P. Oyer, Proc.Nat.Sci.USA 57, 473 (1967); D. F.

Sloiner, D, D. Cunningham, L. Spigelman and B. Aton, Science 157, 697 

(1967).

27. R. E. Chance, R. M. EMis and W. W. Bromer, Science 161, 165 (1968).

28. C. Nolan and E. Margoliash, cited in D. F 0 Steiner, J. L. Clark, C. Nolan, 

A. Ho Rubenstein, E. Margoliash, B. Aten and P. E. Oyer, Rec.Prog. 

Hormone Res. 25, 207 (1969).

29. P0 Eo Oyer,,S. Cho and D. F. Steiner, Fed.Proc. 29, 533 (1970).

30. P. E. Oyer, S. Cho, J. D. Peterson and D. F 9 Steiner, J.Biol.Chem. 246, 

1375 (1971).

31. P. T. Grant and K. B. Reid, Biochem.J. 110, 281 (1968).

32. A. C. Trakatellis and Go D, Schwartz, Nature, Lond. 225, 548 (1970).



167

33. J 0 L. Clark and D e F. Steiner, Proc.Nat.Acad.Sci.USA 62, 278 (1969); 

L. Orel, A. E. Lambert, Y. Kanazawa, M. Amherdt, C. Rounlerand 

A. E. Renold, J.Cell.Biol. 50, 565 (1971).

34. G. B. Boder, M. A 0 Root, R. E. Chance and I. S. Johnson, Proc.Soc.Exp. 

Biol.Med. 131, 507 (1969).

35. C. C.Yip, Proc.Nat.Acad.Sci.USA 68, 1312 (1971).

36. D- Rigopoulou, I. Valverde, J. Marco, G. Faloona and R. H. Unger,

JoBioI.Chem. 245, 496 (1970); B. D. Noe and G. E. Bauer, Endocrinology 

89, 642 (1971).

37. L. M. Sherwood, W 0 B 0 Lundberg, J. H. Targovnik, J. S. Rodman and 

A. Seyfer, Amer.J.Med. 50, 658 (1971).

38. H. Sachs, P. Fawcett, Y. Takabatake and R. Portanova, Prog.Hormone Res. 

25, 447 (1969).

39. D. F. Steinerand J. L. Clark, Proc.Nat.Acad.Sci.USA 60, 622 (1968).

40. S. Wilson, G. H 0 Dixon and A e C. Wardlow, Biochim. Biophys.Acta 62, 

483 (1962).

41. D. Givol, F. De Lorenzo, R. F. Golberger and C. B, Anfinsen, Proc.Nat. 

Acad.Sci.USA 53, 676 (1965).

42. B. H. Frank and A. J 0 Veros, Biochem. Biophys.Res.Commun. 38, 284 (1970); 

N.-T. Yu, Co S. Liu and D. C, O'Shea, J.Mol.Biol. 70, 117 (1972).

43. W 0 Wo Fullerton, R. Potter and B. W 0 Low, Proc.Nat.Acad.Sci.USA 66,

1213 (1970). 

44. D. F. Steiner, O. Hallund, A. H. Rubenstein, S. Cho and C. Bayliss,

Diabetes 17, 725 (1968); D. F. Steiner, Nature, Lond. 243, 528 (1973).



168

45. R. E. Chance, Excerpta Med. 119 (1970).

46. J. Roth, P. Gordenand I. Pastan, Proc. Nat.Acad.Sci. USA 6J_, 638 (1968).

47. F. Melani, A. H 0 Rubenstein, P. E. Oyer and D. F 0 Steiner, Proc.Nat. 

Acad.Sci.USA 67, 138 (1968).

48. N. Yanaihara, T. Hashlmoto, C. Yanaihara, M. Sakagami and N. Sakura, 

Diabetes 21^ (Suppi.2), 476 (1972).

49. V. K, Naithanl, Z. physio I. Chem. 354, 67 (1973); ibid. 354, 141 (1973); 

ibid. 354, 659 (1973).

50. Y. Shimonishi, BulI.chem.Soc.Japan 43, 3251 (1970).

51. R. Geiger, G. Treuth and F. Burow, Chem.Ber. 106, 2336 (1973); R. Geiger, 

G. Jager and W. Kcinig, Chem.Ber. 106, 2347 (1973).

52. J. Meienhofer, E. Schnabei, H. Bremer, O. Brinkhoff, R. Zabel, W. Sroka, 

H. Klostermeyer, D- Brandenburg, T. Okuda and H. Zahn, Z.Naturforsch. 

186, 1120 (1963).

53. P. G. Kafsoyannis, K. Fukuda, A. Tometsko, K. Suzuki and M. Tilak, 

J.Amer.chem.Soc. 86, 930(1964).

54. Y. T O Kung, Y. C. Du, W» T. Huang, C. C. Chen, L. T. Ke, S. C. Hu, 

R. Q. Jiang, S. Q 0 Chu, C» I. Nui, J. Z. Hsu, W 0 C. Chang, L. L. 

Cheng, H. S. Li, Y. Wang, T 0 P. Loh, A. H. Chi, C. H, Li, P. T. Shi, 

Y. H. Yieh, K 0 L. Tang and C. Y. Hsing, Sci.Sin. U, 1710 (1965).

55. G. H. Dixon and A. C. Wardlaw, Nature, Lond. 188, 721 (1960).

56. C. L 0 Tsou, Yo C. Du and G. J. Xu, Sci.Sin. JO, 332 (1961).

57. R. Q, J'ang, Y. C. Du and C. L. Tsou, Sci.Sin. ]_2, 452 (1963); Y. C. Du,
A

R. Q. Jiang and C. L. Tsou, Sci.Sin. 14, 229 (1965).



169

58. R 0 B. Merrifield, J.Amer.chem.Soc. 85, 2149 (1963); Biochemistry 3, 

1385 (1964); Science 150, 178 (1965); R, B. Merrifield and A. Marglin. 

In "Peptides - 1966". Ed. H. C 0 Beyerman, A. van de Linde and W. 

Maassen van der Brink. North-Holland Publishing Company, p.85.

59. Go P. Schwartz and P. G. Katsoyannis, J 0 C.S 0 Perkin I, 2890 (1973); 

ibid., 2894 (1973).

60. R. G. Hiskey, L. M. Beacham, tert., and V. G. Matl, J.Org.Chem. 37, 

2472 (1972).

61. R. G. Hiskey, E. T. Walters, G. Ulku and R. V. Rao, J.Org.Chem. 37, 

2478 (1972).

62. M. Praissman and J» A 0 Rupley, Biochemistry 7, 2431 (1968).

63. B. Africa and F 0 H. Carpenter, Fed.Proc., Fed.Amer.Soc.Exp. Biol. 27, 

766 (1968).

64. W. Bromer, S. Sheehan, A. Berns and E. R. Arquilla, Biochemistry 6_r 2378 

(1967).

65. F. Borras and R. E. Offord, Nature, Lond. 227, 716 (1970).

66. K. Marcker, Acta Chem.Scand. 14, 2071 (1960).

67. E. R. Arquilla, W 0 W. Bromer and D. Mercola, Diabetes J8, 193 (1969); 

B. Africa and F. H. Carpenter, Biochemistry 9, 1962 (1970); D. G. 

Lindsay and S. Shall, Biochem.J. 121, 737 (1971).

68. D. Brandenburg, W.-D. Busse, H.-G. Gattner, H. Zahn, A. Wollmer, 

J. Gliemann and W. Puls. In "Peptides - 1972". Ed. H. Hanson and 

H.-D- Jakubke. North-Holland Publishing Company, p.270.
*

69. D. G. Lindsay, Febs.Letters 21, 105 (1972).



170

70. D. Mercola, Ph.D. Dissertation, University of California, Los Angeles, 

California (1969).

71. D. Levy and F 0 H. Carpenter, Biochemistry 6, 3559 (1967).

72. R. Geigerand D 0 Langner, Hoppe-Seyler's Z. Physio! .Chem. 354, 1285 

(1973).
f

73. R. Geiger, G. Krai!, D. Brandenburg and H. Zahn, Hoppe-Seyler's 

Z.Physio!.Chem. 352, 1595 (1971).

74. A. Massaglia, F. Pennisi, U. Rosa, S. Ronca-Testoni and C. A. Rossi, 

Biochem.J. 108, 247 (1968).

75. L. Slobin and F. H» Carpenter, Biochemistry 2, 16 (1963).

76. W.F.H.Mo Mommaertsand H. Neurath, J.BIoLChem. 185, 909 (1950).

77. D. Levy and F. H 0 Carpenter, Biochemistry 9, 3215 (1970).

78. B. Kamber, Helv-Chim.Acta 54, 398 (1971).

79. H. Ozawa, Biochemistry 9, 2158 (1970).

80. J.W.S. Morris, D. Mercola and E 0 R. Arquilla, Biochim. Biophys.Acta 

160, 145 (1968).

81. J 0 A, Rupley, R 0 D. Rentha! and M. Praissman, Biochim.Biophys.Acta 

140, 185 (1967); M. Laskowski Jr., S 0 J 0 Leach and H. Ao Scheraga, 

J.Amer.chem.Soc. 82, 571 (1960).

82. S. Yanari ar.d F. A. Bovey, J.Biochem. (Tokyo) 235, 2818 (1960).

83. L. W. De Zoeten and O. A. De Bruin, Rec.Trav-Chim.Pays.Bas. 80, 907 

(1961).

84. J.W.So Morris, D. Mercola and E. R. Arquiiia, Biochemistry 9, 3930 (1970),
\

85. H. G. Gattner, Hoppe-Seyler's Z.Physio!.Chem. 352, 7 (1971).



171

86. E. Fredericq, J.PoIym.Sci. ]_2, 287 (1954).

87. Y. Inada, J. Biochem. (Tokyo) 49, 217(196!).

88. M. Aoyama, K. Kurihara and K. Shibata, Biochim. Biophys. Acta 107, 

257 (1965).

89. L. Well, T 0 S 0 Seibles and T. T, Herskovits, Arch. Biochem. Biophys. Ill, 

308 (1965).

90. G. Weitzel, W. Schaeg, G- Boden and B. Williams, Liebigs Ann 0 Chem. 

689, 248 (1965).

91. H 0 G. Gattner (private communication to Dr. To L. Blundell, 1971).

92. Mo B. Glendenning, D. M. Greenberg and H. Fraenkel-Conrat, J.Bio!. 

Chem. 167, 125 (1947).

93. J 0 H. Thomas, Biochem.J. 115, 55P (1969).

94. P» J. Moloney, M. A. Aprile and S. Wilson, J.New Drugs 4, No.5, 258 

(1964).

95. K. Nakaya, H. Horinishi and K. Shibata, J. Biochem. (Tokyo) _61, 345 (1967).

96. H. Fo Bunzli and H. R 9 Bosshard, Hoppe-Seyler's Z.PhysioI.Chem. 352, 

1180 (1971).

97. Go R. Stark, Advan.Protein Chem. 24, 261 (1970).

98. E. L. Smith,, R. L. Hill and A. Borman, Biochim. Biophys.Acta 29, 207 (1958).

99. JoA.V. Bulter, E. C. Dodds, D.M.P. Philips and J.M.L. Stephen, 

Biochem.J. 44, 224 (1949).

100. A. Ginsburg and H. K. Schachman, J.Bio!.Chem. 235, 108 (1960).

101. Eo So Haugaard and N. Haugaard, C.RoTrav.Lab.Carlsberg, Ser.chim. 29, 

350 (1955); B. Meedom, ibid. 29, 403\1955).



172

102. A. Chrambach and F. H. Carpenter, J.Bio!.Chem. 235, 3478 (1960); 

	ibid. 237, 404 (1962):

103. L. I. Slobin and F, H. Carpenter, Biochemistry 2, 22 (1963).

104. D.S.H.Wo Nicol, Nature, Lond. 187, 483 (1960).

105.. F. H. Carpenter and W. E. Baum, J.Bio!.Chem. 237, 409 (1962).

106. W. W. Bromerand R 0 E. Chance, Biochim. Biophys. Acta 133, 219 (1967).

107. F. H. Carpenter, Amer.J.Med. 40, 750 (1966).

108. P. Cuatre^sas, Proc.Nat.Acad.Sci.USA 68, 1264 (1971).

109. R. Co Sheppard. In "Peptides - 1971". Ed. H. Nesvadba. North-Holland 

Publishing Company, p. Ill and references therein.

110. U. Weber, F. Schneider, P. K6hler and G. Weitzel, Hcppe-Seyler's

Z.Physio!.Chem. 348, 947 (1967); U. Weber, S. Hornle, G. Grierser, 

K. H. Herzog and G. Weitzel, ibid. 348, 1715 (1967); U. Weber, 

S. Hornle, P. K6h!er, G. Nagelschneider, K. Eiseie and G. Weitzel, 

ibid. 349, 512 (1968); S. Hornle, U. Weber and G. Weirzel, ibid. 349, 

1428 (1968); U. Weber, K. H. Herzog, H. Grossman, S. Hornle and 

G. Weitzei, ibid. 350, 1425 (1969); U. Weber and G. Weitzel, ibid. 

349, 1431 (1968); G. Weitzel, K. Eiseie, H. Zollner and U. Weber, 

ibid. 350, 1480 (1969); G. Weirzel, U. Weber, K. Eiseie, H. Zollner 

and J. Martin, ibid. 351, 263 (1970); G. Weitzel, U. Weber, J. Martin 

and K. Eiseie, ibid. 353, 263 (1972).

111. Y. C. Du, Y. S. Shang, Z. X. Lu and C, U Tsou, Sci.Sin. H), 84 (1961).

112. K. J6st, J. Rudinger, H. Klostermeyer and H. Zahn, Z.Naturforsch. 23,
A

1059 (1968).



173

113. -:. Tanford and J. Epstein, J.Amer.chem.Soc. 76, 2170 (1954).

114. P. G. Katsoyannis, J. Ginos, A. Cosmatos and G. Schwartz, J.Amer. 

chem.Soc. 94, 6427 (1973).

115. P. G. Katsoyannis and C. Zalut, Biochemistry U_, 3065 (1972).

116. G. Weitze!, K. Eisele, V. Schulz and W. Stock, Hoppe-Seyler's Z. 

Physiol.Chem. 354, 321 (1973).

117. W. Andersen, CoR 0 Trav.Lab.Carlsberg.Ser-Chim. 30, 104 (1956).

118. F. Tietze, G 0 E 0 Mortimore and N. R. Lomax, Biochim. Biophys.Acta 59, 

336 (1962).

119. R. W. Boesel and F. H. Carpenter, Biochim.Biophys.Res.Commun. 38, 

678 (1970).

120. K. E. Meet, A. Nanci and D. E. Koshland, Jr., J.Biol.Chem. 243, 6392 

(1968).

121. H.B.F. Dixon and L. R. Weitkamp, Biochem.J. 84, 462 (1962).

122. Fo Mo Richards, Proc.Nat.Acad.Sci.USA 44, 162 (1958).

123. F. Mo Finn and K. Hofmann, J.Amer.chem.Soc. 87, 645 (1965).

124. F. M. Finn, J 0 P. Visser and K. Hofmann in "Peptides - 1968". Ed. 

E. Bricas. North-Holland Publishing Company, p.330.

125. E. Scoffone, F. March iori, L. Moroder, R. Rocchi and A. Scatturin in 

"Peptides - 1968". Ed. E. Bricas. North-Holland Publishing Company, 

p.325.

126. H. Wyckoff, K 0 D. Hardman, N. M. Allewell, T. Inagami, L. N. Johnson

and F. M. Richards, J.Biol.Chem. 242, 3984 (1967). 

127. D. Ontjes and C» B, Anfinsen, J. BioLChem. 244, 6316 (1969).



174

128. I. M. Chaiken and C 0 B 0 Anfinsen, J.BIoi.Chem. 246, 2285 (1971).

129. P. G. Katsoyannis, A. Tometsko and K. Fukoda, J.Amer.chem.Soc. 85, 

2863 (1963); P 0 G 0 Katsoyannis, A. Tometsko, C. Zalut, S. Johnson, 

A. C. Trakateilis, G. Schwartz and J. Ginos, Biochemistry 6, 2656 (1967).

130. C. I. Niu, L. T 0 Ke, Y. C. Du, $ 0 C. Hu, Y. T. Kung, C. C. Chen, 

R. Qo Jiang, S 0 Q a Chu, W. 7. Huang, Y 0 C. Chen, C. L. Tsou and 

K. Z. Wang, Sin.Sci. ]£, 231 (1966).

131. M. Weinert, D. Brandenburg and H. Zahn, Hoppe-Seyler's Z.physiol .Chem. 

350, 1556 (1969).

132. M. Weinert, K. Kircher, D. Brandenburg and H. Zahn, Hoppe-Seyler's 

Z.physiol.Chem. 352, 719 (1971).

133. H. Zahn, T. Okuda and Y. Schimonishi in "Peptides - 1966". Ed. H. C.

Beyermann, A. van de Linde and W. Maassen van der Brink. North-Holland 

Publishing Company, p. 108.

134. S. Lande, J.Org.Chem. 36, 1267 (1971).

135. T. A. Backer and R 0 E, Offord, Biochem.J. 110, 3P (1968).

136. A. R. Rees, Semi-synthetic Studies on Lysozyme, M.Sc. Thesis, Oxford 1974.

137. C. F. Hay ward and R. E. Offord in "Peptides - 1969". Ed. E. Scoffone. 

North-Holland Publishing Company, p. 116.

138. M. A. Ruttenberg, Science 177, 623 (1972).

139. A. Co Chibnall, J. L. Mangan and M 0 W, Rees, Biochem.J. 68, 114 (1958).

140. The Shanghai Insulin Research Group, Sci.Sin. 16, 61 (1973).

141. C. Shang-Chian, L. Kuang-Ti, T. Chiu-Fing, C. You-Shang and L. Tzu- 

Hsien, Sci.Sin. 16, 71 (1973).



175

142. F. Weygand, W. Steglich, F. Lengyel, F. Fraunberger, A. Maierhofer

and W. Oettmeier, Chem.Ee;-. 99, 1944 (1966); F. Weygand, W. Steglich, 

A. Maierhofer and F. Fravenberger, ibid. 100, 3838 (1967).

143. J. Schlichtkrull, Acta Chem.Scand. U), 1455 (1956).

144. R. G. Hiskey and J. B 0 Adams, Jr., J.Amer.chem.Soc. 87, 3969 (1965).

145. J 0 B 6 Miller, J.-Orcy.Chem. 24, 560 (1959).

146. D 0 A, Wightmann. Part II thesis, Oxford 1974.

147. The Chemical Society Specialist Reports on Amino-acids, Peptides and

Proteins. Published annually; Proceedings of the Europen Peptide Symposia. 

Published annually.

148. R. Gamble, R. Garner and G. T. Young, Nature, Lond. 217, 247 (1967).

149. Do J. Schaferand L. Carlsson, J.Chem.Soc. (C), 276 (1972).

150. R. Gamble, R. Garner and G. T. Young, J.Chem.Soc. (C), 1911 (1969).

151. R. Garner and G. T. Young, Nature, Lond. 222, 177 (1969).

152. D. F. Veber, S. F. Brady and R. Hirschmann in "Chemistry and Biology of 

Peptides 1; Ann Arbor Science Publishers 1972, p.315.

153. Th. Wieland and W. Racky, Chimia 22, 375 (1968).

154. T. Hata, K. Tajima and T. Mukaiyama, J.Amer.chem.Soc. 93, 4928 (1971).

155. R. Macrae and G. T. Young, Chem.Commun. ]]_, 446 (1974).

156. T. G. Pinker. Private communication.

157. "The Chemistry of Polypeptides". Ed. P. Go Katsoyannis. Plenum Publishing 

Corporation 1973, p.46.

158. J. A. Maclaren, Austral.J.Chem. 25, 1293 (1972).

*

159. P. M. Scopes, K. B. Walshaw, M. Welford and G. T. Young, J.Chem.Soc., 

782 (1965).



176

160. D. J. Schafer, Studies in peptide synthesis, D.Phil. Thesis, Oxford 1970.

161. G. A. Fletcher, Synthesis of peptide hormones, D.Phil. Thesis, Oxford 1971,

162. Dr. M. Fridkin, private communication to Dr. G. T. Young.

163. R. Garner and G 0 T. Young, J.Chem.Soc. (C), 50 (1971).

164. R. Garner, D. J. Schaferand G. T 0 Young in "Peptides - 1969". Ed. E. 

Scoffone, North-Holland Publishing Company, p. 102.

165. D. Jo Schafer, G. T. Young, D. F. Eiliottand R. Waa'e, J.Chem.Soc. (C), 

46 (1971).

166. J. Burton and G 0 T. Young, Israel J.Chem. 9, 201 (1971).

167. J. Burton, G 0 A. Fletcher and G» T. Young, J.Chem.Soc. (C), 1057 (1971).

168. Go A. Fletcher and G. T 0 Young, J.C.S. Perkin I, 1867 (1972).

169. L. Polgarand M 0 L. Bender, Biochemistry 6, 610 (1967).

170. D. Stevenson and G. T. Young, J.Chem.Soc. (C), 2389 (1969).

171. W. Konig and R. Geiger, Chem.Ber. 103, 2034 (1970).

172. Ao Wo Williams and Go T. Young, J.C.S 0 Perkin I, 1194 (1972).

173. P. Po Nash, Synthetic studies related to pepfrides from bee venom, D.Phil. 

Thesis, Oxford 1973.

174. B. Bezas and L. Zervas, J.Amer.chem.Soc. 83, 719 (1961).

175. N. L. Benoiton, R. E. Demayo, G. J. Moore and J. R. Coggins, Can.J. 

Biochem. 49, 1292 (1971).

176. A. Ao Costopanagiotis, B. O. Handford and B. Weinstein, J.Org.Chem. 

3_3, 1261 (1968).

177. E. Schnabel, Justus Liebig's Ann.Chem. 702, 188 (1467).

178. G. W. Anderson and A. C. McGregor, J.Amer.chem.Soc. 79, 6180 (1957).



177

179. W. Broadbent, J. S. Morley and B. E. Stone, J.Chem.Soc. (C), 2633 (1967)

180. E. Schriider and Ko LObke. The Peptides. Vol.11. Academic Press, New 

York, N.Yo 1966, p.396.

181. J. Rudinger. In Drug Design. Ed. E 0 J. Ariens. Vol.1!. Academic Press, 

New York, N 0 Y 0 1971, p.319.

182. J. R. McDermott and N. L. Benoiton, Can.J.Chem. £>!_, 2555 (1973); 

ibid. 51_, 2562 (1973).

183. J. R. Cogginsand No L. Benoiton, Can.J.Chem. 49, 1968 (1971).

184. R. K. Olsen, J.Org.Chem. 35, 1912 (1970).

185. P. Quitt, J. Hellerbach and K. Vogler, Helv.Chim.Acta 46, 327 (1963).

186. J. Blake and C 0 H. Li, Internet.J.Peptide and Protein Res. 4, 343 (1972).

187. H. E 0 Carter and C. M, Stevens, J.Biol.Chem. 113, 117 (1940).

188. M. W. Williams and G. T 0 Young, J.Chem.Soc., 3701 (1964).

189. P 8 Sieberand B. Iselin, Helv.Chim.Acta 52, 1525 (1969).

190. G. W. Kenner. Meeting of the Chemical Society, Peptide and Protein 

Group, Oxford, 26 March 1974.

191. H. Brockmann and H. Lackner, Naturwiss. 51, 384 (1964).

192. Th. Wieland, G. Luben, H. Ottenheim, J. Faesel, J. X. de Vries, 

W. Konz, A. Prox and J. Schmid, Angew-Chem. 80, 209 (1968).

193. K. Blaha and J. Rudinger, Coll.Czech.Chem.Commun. 30, 3325 (1965).

194. K. Jost, Coll.Czech.Chem.Commun. 36, 218 (1971).

195. R. Camble, R. Cotton, A u S 0 Dutta, J. J 0 Gormley, C- F. Hayward,

J. S. Morley and M. J. Smirhers in "Peptides - 1972". Ed. H. Hanson and 

H.-D. Jakubke, North-Holland Publishing Company, p.200.



178

196. H. N. Rydon and P.W.G. Smith, Nature, Lond. 169, 922 (1952).

197. R. E. Offord in "Data for Biochemical Research 1; 1969. Ed. R 0 M.C.

Dawson, D. C 0 Elliott, W. H. Elliottand K, M. Jones, O.U.P., p.525.

198. G. Me Barton, R 0 S. Evans and J 0 AoF. Gardner, Nature, Lond. 170, 249 

(1952).

199. H. Michl, Mh.Chem 0 82, 489 (1951).

200. J. M. Stewart and J 0 D 0 Young in "Solid Phase Peptide Synthesis".

Wo Ho Freemann and Company, p.31. 

201 . Lo A. Carpino, Co A. Giza and Bo A. Carpino, J.Amer.chem.Soc. 81,

955 (1959).

202. W. Sabel, Chem.and Ind., 1216 (1966).

203. J. B. Miiler, J..Org.Chem. . 24, 560 (1959).

204. T. Mizoguch', G. Levin, D» W 0 Woolley and J. M. Stewart, J.Org.Chem, 

33, 903 (1968).

205. J, S. Morley, J.Chem.Soc., 2410(1967).

206. Do F. DeTar, R. Silverstein and F, F. Rogers, Jn., J.Amer.chem.Soc. 88, 

1024 (1966).

207. D. M. Regester. Part II thesis, Oxford 1971.

208. R. Schwyzer, A 0 A. Costopanaglotis and P. Sieber, Helv.Chim.Acta 46, 

870 (1963).



ABSTRACT

The preparation of polypeptide and protein analogues by conventional or 

fragment condensation synthesis is often a complex and time-consuming procedure. 

The combination of protected natural peptide fragments, isolated by enzymatic 

cleavage, and synthetic peptides could give these analogues more rapidly and 

conveniently than before. A semisynthetic approach is therefore an alternative 

approach for effective introduction of amino acid substitutions in enzymes and 

proteins. Insulin offers an excellent opportunity in which this approach can be 

investigated as tryptic cleavage removes the B-chain C-terminal octapeptide to 

give des-octapeptide insulin. This thesis reports the synthesis of protected B-chain 

C-terminal peptides that could be coupled to a similarly protected des-octapeptide 

insulin. Complete deprotection would then yield a semisynthetic insulin.

The intended use of acid labile groups such as t-butoxycarbonyl and benz- 

hydryl esters for the final protected fragments imposed severe restrictions on planning 

and synthesising the protected fragments. The syntheses were therefore devised such 

that fully protected peptides could be prepared by conventional strategy and then 

converted to a much milder protected form suitable for coupling.

The 4-picolyl ester method was used to synthesise the fully protected 

natural octapeptide (1) using the t-butoxycarbonyl group for a-amino protection,

23 24 25 26 27 28 29 30

Z-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OPic (1)
III 
Bzl Bzl Pipoc



* •

II

except for the ultimate glycine residue which was incorporated as its benzyloxy- 

carbonyl derivative, piperidino-oxycarbonyl for e-amino lysine protection and 

benzyl ethers for threonine and tyrosine hydroxyl group protection. The use of 

these groups was such that by a series of deprotection-reprotection steps the mildly 

protected derivative (2) could be prepared and this would be in a form ready for 

coupling. The synthetic route for the preparation of (1) is outlined in Figure 1.

H-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-AIa-OCHPh2 (2)

Boc

The combination of N, N'-dicyclohexylcarbodi-imide and 1 -hydroxybenzotriazole

for coupling reactions was employed throughout the synthesis due to its advantages

2with regard to speed, simplicity of use and absence of racemisation.

The piperidino-oxycarbonyl group had been proposed for a- and e-protection

3by Stevenson and was introduced by either piperidino succinimido carbonate or

4 piperidino 2,4,5-trichIorophenyl carbonate. Nash found the latter preferable

and obtained a-benzyloxycarbonyl-e-piperidino-oxycarbonyl-L-Iysine which was 

converted to a-t-butoxycarbonyl-e-piperidino-oxycarbonyl-L-lysine by treatment 

with hydrogen bromide in acetic acid and the t-butoxycarbonyl azide. This method 

proved unsatisfactory because of low yields and impurities thought to be ^-lysine 

and e-benzyloxycarbonyl-L-lysine arising at each stage. A new synthetic route 

was proposed as in Figure 2. Treatment of e-benzyloxycarbonyl-^-lysine with 

t-butoxycarbonyl azide gave a-t-butoxycarbonyl-e-benzyloxycarbonyl-L-Iysine 

in 91% yield. Hydrogenation in 80% aqueous ethanol gave a-t-butoxycarbonyl-^- 

lysine in 83.2% yield which was reacted with piperidino 2,4,5-trichlorophenyl
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carbonate to give a-t-butoxycarbonyl-e-piperidino-oxycarbonyl-L-lysine, which 

was isolated as its dicyclohexylammonium salt in 68% yield.

H-Lys-OH ——^—— H-Lys-OH —ill:—— Boc-Lys-OH
I I
Z Z

Boc-Lys-OH —-. Boc-Lys-OH

Pipoc

(i) CuCO3/ Cu(OH)2/ Z-CI, EDTA/H 2S (ii) Boc azide

(iii) H^/Pd (iv) Piperidino 2,4,5-trichlorophenyI carbonate/

1,1,3,3-tetramethyl-guanidine.

Figure 2

The C-terminal derivative ^-alanine 4-picoIyI ester dihydrobromide was 

prepared by the method of Garner in 96.5% yield. The dipeptide, a-t-butoxy- 

carbonyl-e-piperidino-oxycarbonyl-^-lysyl-^-alanine 4-picolyl ester, was prepared 

by coupling a-t-butoxycarbonyl-e-piperidino-oxycarbonyl-L-lysine and ^-alanine 

4-picolyl ester dihydrobromide with N, N'-dicyclohexylcarbodi-imide and 1-hydroxy- 

benzotriazole. Isolation by extraction into citric acid (0.7^) gave the dipeptide 

in 95.4% yield, chromatographically and analytically pure with satisfactory amino 

acid analysis and n.m.r. spectrum. The dipeptide was deprotected with trifluoro- 

acetic acid and coupled to a-t-butoxycarbonyl-L-proline in a similar manner as 

before. Repetition of the process gave the protected pentapeptide although extraction

4

with citric acid was increasingly difficult because of the hydrophobic nature of the



peptide and isolation of the hexa-, hepta- and octapeptides was carried out using 

the Amberlyst 15 (3-bromopyridinium form) procedure. All protected intermediates 

were prepared in high fields, >90%, chromatographicaily and analytically pure 

with satisfactory ammo acid analyses. The overall yield of the protected octa- 

peptide from the 4-picolyl ester dihydrobromide was 56%.

From the X-ray analysis of insulin and chemical and biological studies, 

it is known that the aromatic residues phenylalanine-B24 and -B25 are essential 

for activity of the hormone and play an active role in the hydrogen-bonding capacity 

of the monomer in the dimer. Using the 4-picolyl ester method and synthetic 

schemes similar to Figure 1, analogues involving the replacement or modification 

of residues B24 and B25 were considered.

The most straightforward replacement was of alanine for phenylalanine; 

the analogues (3-5) were prepared exactly as before by the 4-picolyl ester method 

in high yields.

in an attempt to relate biological results in terms of the hydrogen-bonded 

nature of the dimer, modification of the B-chain imino nitrogens was considered. 

N-Methylotion would reduce the ability of the monomer to form hydrogen bonds 

and this could be accomplished by the replacement of phenylalanine by N_-methyl- 

L-phenylalanine. Only recently has there been any detailed studies involving 

•peptide bond formation and the risk of racemisation with N_-methyl-amino acids; 

there had been no such investigation with N-methyl-L-phenylalanine. It was 

decided to prepare the dipeptide (6) to ascertain the optimum method for coupling 

without racemisation. _N-Methyl-.L-phenyIalanine was prepared by the method of

Boc-MePhe-MePhe-OMe (6)



VI

o
Quiff and a-i-butoxycarbony!-N_-methyl-^-phenylalanine was prepared by an 

adaptation of the method of Blake and Li. 9 N-MerhyI-L-pheny!alanine methyl 

ester hydrochloride was formed by reaction of the acid and thionyl chloride in 

methanol at -10° in 76% yield. The preparation of the dipeptide (6) was not as 

simple as initially thought. The use of N, N'-dicyclohexylcarbodi-imide was 

completely unsuccessful, whereas N, N'-dicyclohexylcarbodi-imide and 1 -hydroxy- 

benzotriazole in either a normal or an 'eintopf procedure gave mainly the N-dcyl 

urea which was characterised. Surprisingly the analogous use of N-hydroxy- 

succinimide gave no product at all. However, the use of a mixed anhydride 

procedure gave the dipeptide (6). Hydrolysis of the product gave material which 

had the same characteristics as N-mefhyl-L-phenylalanine. The dipeptide (6) was 

also characterised as its hydrazide. Thus the incorporation of N-methyl-L-pheny I- 

alanine was carried out by a mixed anhydride procedure to give the protected 

analogues (7-9) which were isolated as before by the Amberlyst 15 (3-bromopyridinium 

form) procedure.

The 2-(p-biphenyly!)-isopropyloxycarbonyl group, not previously used with 

the 4-picolyl ester method, was investigated for its suitability in this type of 

synthetic approach and although it is extremely acid labile it did not undergo any 

cleavage on Amberlyst 15 (3-bromopyridinium form). Two truncated derivatives 

(10 and 11) were prepared using the 2-(p-biphenylyl)-isopropyloxycarbonyl group 

for the a-amino protection of the terminal glycine residue in similar high yields as 

before. Such was the success of this derivative it is thought possible that in future 

work it could be used in conjunction with t-buiyl ether side group protection and 

4-picolyl esters.
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The success of the 4-picolyl ester method is outlined in Figure 3 which 

indicates the overall yields, yield per residue and isolation procedure of all the 

peptide derivatives prepared.

The preparation of the mildly protected natural octapeptide (2) for coupling 

to a protected des-octapeptide-insulin anticipated a synthetic route as in Figure 4.

Z-Giy-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OPic

Bz! Bzl Pipoc

(0, (H)

Z-GIy-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OPic
II I 
Bzl Bzl Boc

(iii)

H-GIy-Phe-Phe-Tyr-Thr-Pro-Lys-AIa-OH

Boc

(iv), (v)

X-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OCHPh2

Boc

(vi)

H-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala-OCHPh2

Boc

0)

02)

(13)

(2)

(i) Sodium dithionite/HAc (ii) Boc azide (iii) HL/Pd (iv) X a-amino
* *"

protection (v) Diphenyldiazomethane (vi) -X a-amino deprotection.

Figure 4



IX

The e-piperidlno-oxycarbonyl group could be cleaved under reducing conditions. 

Using the model (14), treatment with sodium dithionite in 50% aqueous acetic acid

Boc-Thr-Pro-Lys-Ala-OPic (14) 

Bzl Pipoc

cleaved the group within twenty minutes and reaction with t-butoxycarbonyl azide 

with triethylamine as base gave the derivative (}5). This procedure was satisfactory

Boc-Thr-Pro-Lys-Ala-OPic (15) 
II 
Bz! Boc

repeated on the protected octapeptide (1) to give the derivative (12).

The synthesis required the utilisation of benzhydry! esters for carboxy group 

protection. Two urethane protecting groups were considered for a-amino protection, 

2-(p-biphenyIyl)-isopropyloxycarbonyI and a-piperidino-oxycarbonyl, and these 

were examined using their respective glycine benzhydry I esters as model compounds. 

Both were found satisfactory and their removal in the presence of the ester function 

could be achieved in 0.5% trifluoroacetic acid in dichloromethane at 0 and with 

sodium dithionite in 50% aqueous acetic acid respectively. Conditions for the
i

removal of excess diazoalkane were found in which neither group was affected; 

rapid washing with hydrochloric acid (l.OM) being the easiest treatment.

At this point of the synthesis model studies for the preparation of the 

protected des-octapeptide-insulin had not been concluded and it was undecided 

as to whether carboxy protection was to be by benzhydryl or the analogous anisyl 

ester. However, hydrogenation of (12) in 50% aqueous acetic acid had afforded



the precursor (13) after extensive model studies to obtain conditions in which 

complete hydrogenation occurred. The direct esterification of the octapeptide (13) 

with diphenyldiazomethane proved successful and no N-alkylated material was 

obtained by electrophoresis and amino acid analysis. It was concluded that the 

further step envisaged in Figure 4, of a-amino protection before esterification could

be omitted and that the direct esterification would also be applied to the introduction
•?

of anisyl esters if they were considered more satisfactory.

The C-termina! B-chain octapeptide is at the interface between the monomers 

in the dimer and is Involved in extensive hydrogen-bonding. The possibility that 

this region could have biological activity was investigated by the attempted 

preparation of cyclic peptides in which the aromatic region was stabilised by intra­ 

molecular hydrogen-bonding. Previous prepared intermediates suggested the synthesis 

of a model such as (16). Model studies revealed that a 'spacer 1 of lysine was needed

-Gly-Phe-Phe-Tyr-Thr-Pro-i

-Pro-Thr-Tyr-Phe-Phe-Gly-
06)

to give a satisfactory model structure in which the possibility of hydrogen bonding 

was extremely high as in (17). The hexa- and heptapeptides (18 and 19) were

H-Lys-Gly-Phe-Phe-Tyr-Thr-Pro—|

-Pro-Thr-Tyr-Phe-Phe-Gly
07)

prepared by the 4-picolyl ester method as before. Saponification of (19) was

Boc-Gly-Phe-Phe-Tyr-Thr-Pro-OPic

Bzl Bzl

08)
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studied using the model (15) in aqueous dioxan with excess sodium hydroxide and 

(20) was prepared in 86.8% yield. This was repeated with (19) to give the 

heptapeptide (21). A 7+6 coupling with N, N'-dicyclohexylcarbodi-imide and

Boc-Thr-Pro-Lys-AIa-OH (20) 
II 
Bzl Pipoc

Boc-Lys-GIy-Phe-Phe-Tyr-Thr-Pro-OH (21) 

Pipoc Bzl Bzl

1-hydroxybenzotriazole gave the protected tridecapeptide (22) in 72% yield - the 

largest peptide so far isolated by the 4-picolyl ester method. The e-piperidino- 

oxycarbonyl group was removed by sodium dithionite in aqueous acetic acid and 

the 4-picolyl ester by saponification but attempted cyclisation with N, N'-dicyclo- 

hexylcarbodi-imide and 1-hydroxybenzotriazole or Nhhydroxysuccinimide, 

Woodward's Reagent K and a mixed anhydride coupling were unsuccessful.
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