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ABSTRACT.

STUDIES IN PEPTIDE CHEMISTRY.

D.W.THOMAS. ST. JOHNS COLLEGE.

A THESIS SUBMITTED FOR THE DEGREE OF D.PHIL. MICHAELMAS

TERM 1988.

The thesis discusses the design of potential inhibitors of 

Angiotensin Converting Enzyme (ACE). The synthesis of pep tide inhibitors 
containing arginine and histidine-type residues is described. Successful 

incorporation of these residues during peptide synthesis requires the 
use of protecting groups on the side-chains* and new developments in this 

area are described.

Ch. 1 reviews the currently available protecting groups for 

histidine. A methodology for regiospecific introduction of protecting 

groups of type ROCIL-, via their corresponding chloromethy 1 ethers, is 

described. A convenient synthesis of these reagents (specifically 

t-Butoxymethylchloride, Dum-Cl and 2,4,6-TrimethyIbenzyloxymethy1- 

chloride, Tom-Cl) is given.

Ch. 2 demonstrates that a knowledge of the location of histidine 

protecting groups has become mandatory, both in peptide synthesis and 

elsewhere. Two methods) a), nuclear Overhauser enhancement measurements 

and b), a procedure involving methylation, deprotection and amino-acid 

analysis are presented, which have allowed the differentiation of TC and 

Tderivatised histidines.

Ch. 3 reviews the currently available protecting groups for 

arginine. Using 2-phenylethyIguanidine as a model for arginine, a 

number of haloacylguanidines and 5,5-disubstituted pyrimidinones were 

synthesised, and this chapter describes their structures, and the 

potential use of the corresponding reagents in protecting arginine 

during peptide synthesis.

Ch. 4 describes the synthesis of his tidyIphenylalanylarginine 

and several variants on this structure. Biological data showing the 

level of inhibition both of A.C-E- and of Renal ^ndopeptidase by these 

compounds is presented. The syntheses also provide a further 

demonstration of the efficacy of the recently introduced 

bcnzy loxymethy I, (liom) protecting group.



TO MY PARENTS



And now (Dorothea) pictured to herself the days, 

and months, and years which she must spend in 

sorting what might be called shattered mummies, and 

fragments of a tradition which was itself a mosaic 

wrought from crushed ruins:- sorting them as food 

for a theory which was already withered in the birth 

like an elfin child. Doubtless a vigorous error 

vigorously pursued has kept the embryos of truth 

a-breathing; the quest of gold being at the same 

time a questioning of substances, the body of 

chemistry is prepared for its soul, and Lavoisier is 

born. But llr Casaubon's theory of the elements......

was as free from interruption as a plan for 

threading the stars together.

GLOLUJC ^LIOT

Middle-march (1372), Bk. 5, Ch. 48.
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1.

INTRODUCTION.

Broadly speaking, pharmacological intervention in therapeutics has 

until comparatively recently had recourse to two general classes of 

drug. Firstly those derived from natural products by extractive methods» 

and secondly a set of diverse but comparatively simple synthetic

compounds. The former group of materials include such as the terramycins

1 and penicillins, where chance together with sound systematic work have

played the dominant role in their discovery; the element of design was 

completely lacking. Even today work on the synthesis of this class of 

compound, though often technically brilliant, still lacks an element of 

design. It must therefore be assumed that work will continue steadily 

but unspectacularly in this area. The more diverse group of compounds 

mentioned above has been developed to mimic a variety of small 

molecules in the body. They do not in themselves fall into any 

particular category, but examples might include the neurotransmittors, 

or the various simple intermediates present on the body's metabolic 

pathways.

If work were to be confined to expanding either of these classes 

of pharmaceuticals, it would be a neglecting of the fact that the 

majority of operations taking place within the body, and indeed the 

assembly of the fabric of the body, are under enzymatic control. This 

consideration gives rise to a third class of potential drugs, those 

mimicing some aspects of the enzymes and their co-factors. Their early 

development naturally becomes the province of the peptide and protein 

chemist.

The business of "designing drugs to fit a macromolecular receptor", 

such as an enzyme, has become important in most institutions with an 

interest in new pharmaceutical development. the area, though
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comparatively new, has been extensively reviewed; indeed the above

2quote forms the title of an excellent review by Beddell  

Obviously a good starting point in the design is a knowledge 

of the receptor itself; ideally one should try to perform some 

receptor structuring, that is direct determination of morphological 

structure using physical probes. X-ray crystallography and more 

recently nuclear magnetic resonance spectroscopy have been especially 

useful in this regard. Unfortunately such clear information is not 

always available, as discussed below in relation to the enzyme of 

interest to us. However in this circumstance all is not lost as 

another technique is available termed receptor mapping. Here the 

receptor is challenged with a number of small molecular probes, and 

the receptor model is adjusted to agree with the experimental results, 

available principally in the form of binding constants. i;hen 

sufficient data is obtained one may move on to the more skillful 

process of receptor fitting, that is adjusting the smaller molecules 

to fit the receptor. It is this latter process that we have attempted, 

and which is described in chapter four. To push the argument to its 

conclusion, once the fit is obtained the molecule may be modified to 

obtain agonistic or antagonistic responses from the system in which 

the enzyme is enmeshed, or to obtain specificity, or even some 

totally unrelated property such as solubility. One has then obtained 

a potential drug.

Work on the angiotensin converting enzyme (conventionally 

abbreviated to ACE), forms the subject of the latter part of this 

thesis; it was chosen for study for a number of reasons, but 

principally because of its significance at the center of the 

renin-angiotensin-bradykinin system of blood pressure regulation
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(Fig.l). Additional factors encouraging the work are the huge scale of 

the hypertension problem in Western society and the potential rewards 

for its successful control, and also the amount already known about the 

tolerance of the enzyme towards various substrates.

RENIN => ANGIOTENSINOGEN

(a blood glycoprotein)

INACTIVE FRAGMENTS

I

ADRENAL« 

CORTEX

I

1
PRO-RENIN ANGIOTENSIN I

I
TEN

1'

BRADYKININ

ANGIOTENSIN II

= ANGIOTENSINASE A

(Kinase II) (hypotensive agent).

I
BRAUYKININOGEN

ANGIOTENSIN III

(weak vasocons triction).

ALDOSTERONE T

KALLIKREIN

I
PRE-KALLIKREIN

Rg.1. Produces Acts upon

As can be seen from the figure, inhibition of the exopeptidase 

activity of ACE will lead to a double adva'ntage with respect to the 

lowering of blood pressure, arising from its action both in the 

conversion of bradykinin to inactive fragments and angiotensin I to 

angiotensinll. This advantage is not shared by inhibition attempts on 

any other of the enzymes, and though in fact interference in the action 

of renin has been attempted, it is not our concern here.

Angiotensinsl.il andlllare all small peptides with known primary



structures* and the action of the various peptidases upon them is well 

understood (Fig.2), giving the first clues to their substrate 

requirements. Looking more closely at the action of ACC, it can be seen 

that this exopeptidase can be more accurately described as a 

peptidyldipeptide carboxy-hydrolase- It is upon this type of information 

that one is forced to rely, for as mentioned above, detailed physical 

information on ACE is lacking. The known facts about its structure are 

summarised in the detailed review by Cushman and Ondetti . These authors 

describe it as a membrane-bound glycoprotein with a somewhat animal- 

species-dependent molecular weight of between 129,000 and 140,000, 

consisting of a single polypeptide chain (except perhaps in the case of 

the hog). It Is a zinc containing metalloenzyme, and the importance of 

the zinc is clearly demonstrated by the complete loss of activity 

brought about by sequestering it using metal chelating agents, and the

subsequent restoration of activity by treatment with zinc (or cobalt)

L
ions . In this respect it resembles the action of carboxypeptidase

A about which more is known. In this enzyme a positively charged 

group (Arg 145) forms an ionic bond with the C-terminal carboxyl 

group of its peptide substrate, and an adjacent hydrophobic pocket

Fig.2. .

...Asp \rg Val Tyr He His Pro Phe His Leu^Leu Val Tyr Ser.... (sugar).

RCNIN

...Asp Arg Val Tyr He His Pro PheSHis Leu Angj_

? ACF,
V

Val Tyr He His Pro Phe AngH 

ANGIOTEM3IN\SE A 

Arg Val Tyr He His Pro Phe \ngEH



interacts strongly with the substrate via the side-chain of its 

terminal hydrophobic amino-acid; for which carboxypeptidase A is 

reasonably selective. The tightly bound zinc ion of carboxypeptidase 

A interacts with the carbonyl of the scissile peptide bond of the 

substrate and facilitates hydrolysis of this bond (Fig.3). llore 

detailed schema of the proposed reaction site have appeared very 

recently.

Zn Ph Carboxypeptidase A

0 CH 2 p
R-C-NH-CH-C=0 Substrate

o e Fig.3.
0 CH 9 0 ———i © i ^ i

R-C=0 NH-C H-C=0 products

Ph 

0 CH 2 cf
HO-C-CH 2-CH-C=0 Inhibitor

It is hardly unreasonable to suppose that the active site of ACE

is analogous to that found in carboxypeptidase A, still less to assume
 

the zinc atom is intimately involved at the site of action. Indeed 

there is a general intuitive belief amongst protein chemists that as

nature utilises metal ions for important functions e.g. catalysis, some 

mechanism resembling the above will be found to be the case in most

5
metalloproteases.We concur with this thesis. One can thus speculate 

that the active site will resemble that shown here (Fig.4) for a 

substrate (BFP ) which has become a standard reference compound. As
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can be seen in this figure* the distance between the carboxyi-binding 

group and the zinc ion was proposed to be greater than in 

cnrboxypeptidase A, so the zinc may participate in hydrolysis of the 

penultimate rather than the terminal peptide bond.

R-C-NH-CH-C-N-C-C=0
H

eO i
R-C=0

$
CH.0 0

1-CH-C-N-C-C=0 
3 H

AGE (Speculative)

Substrate

Products

Fig.4,

Following upon the above speculations, many workers set about 

preparing competitive inhibitors of ACE, designed to be by-product 

analogues. However it is of no value to retrace the development of 

these from the first inhibitor, succinyl proline, and the early 

structure-activity studies with snake-venom peptides, through to the 

first orally active compound 2-J-methylsuccinyIproline . These 

developments finally culminated in the preparation of the first 

clinically useful compound, captopril. The field has been fully 

reviewed to 1980 , and the essential compounds and derived information
 

from these and others is described paucis verbis in the diagrams (Fig. 

5 and 6). It is interesting to note that all five amino acid residues 

of BFP,. are apparently important for full inhibitory activity, though
Jcl

the C-terminal tripeptide retains significant activity, thus enabling a 

distinction to be made between primary and auxiliary binding sites.

Between 1980 and the present, work has continued apace both in the 

further investigation of substrate specificity and in more physical



Auxiliary binding Obligatory binding

IC50^ M)
Ang I

AspArgValTyrlleHisProPheHisLeuOH /

8765432123

HOOCCH2CH2COProOH 440

Fia 5
HOOCCH2CHCOProOH 18

BPP5a GluLysTrpAlaProOH /

^ H 3 
Captopril HSCH2 CHCO ProOH 0.023

(GluTrpProArgProGlnlleProProOH 0.06
SQ 20,881 (not cleaved)

investigations of the conformation of angiotensin. Additionally many 

research groups in the commercial field have developed analogues of 

useful drugs. All these areas are related and becoming increasingly

7dependent on the use of computers with molecular graphics capability .
o 

More and Ilatsoukas have investigated the conformation of angiotensinll

and analogues by a reappraisal of existing data, principally e.s-r. 

and proton n.m.r. data from the previous decade. They have shown both 

the presence of a Tyr-llis charge-relay system, and interestingly a 

stacking of the His and Phe aromatic rings. Additionally these authors 

suggested that "the Mis and Phe rings could act as capacitor plates 

which aquire electrostatic induction from the negative charge traversing 

the His ring in the charge-relay system, and that discharge of this
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No penultimate proline.

(probably) substituted N-terminal. Must not be carboxylic acid.

Free carboxylic acid.

il l? R R 
III I 

 NH-CH-CO-ni-Cll-CO-NH-CH-CO-NH-CH-COOH

No branched-chain aliphatics 

Preference for aromatic moiety

Good binding to zinc

At least 3-amino-acids.

L-Conformation of substrates.

(Suitable counterions e.g. Cl")

FJQ 6 REQUIiiair.NTS FOR A. GOOD ACE INHIBITOR

stored potential at angiotensin receptors may be responsible for driving 

the response mechanism". This may be taken as some justification of the 

initial target choice in chapter four.

The requirement for a C-terminal carboxyl function stimulated an 

attempt to replace it by other acidic functional groups (Almquist ct al

91985). These authors took a compound derived from BzPheGlyProOH 

(where the C,ly nitrogen had been replaced by a methylene function), 

which had been previously shown to be a potent \GZ inhibitor with poor 

in-vivo activity due to rapid excretion in the bile (an effect known 

to be related to the presence of the free carboxyl). Replacement by a 

phosphonic acid, hydroxamic acid or tetrazole moiety resulted in a
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Hethylsuccinylproline

HS

__I II I

/ 0 C02H

Fig.7.

0 COoH

great reduction of AC^ inhibitory activity and complete loss of in-vivo 

activity. This paper is representative, and illustrative of the problems
 

which lie between obtaining an inhibitor and obtaining a useful drug. 

!/ven established drugs such as the previously mentioned captopril

suffer from unpredicted side-effects in clinical use, here including

11rashes and the alteration of taste sensation, an effect which is

attributed to its thiol group. The only solution to this type of problem 

at present is to prepare a portfolio of compounds related to the 

particular one which has shown promise, and then test these in turn.
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Some indication of the kind of logical progression that occurs in the 

design of potential inhibitors is set out in the diagrams (Figs.7 and 

8). This author's personal choice of compounds is again purely 

representative.

Fig.8.

H SR.,0 
3 ii

Ref.15

(K, i/various halogenated

alkanes and alkenes,)

Ref.16

R i R OR i ii i'
R02 CH-NHCHCNCHC0 2 H

0 0

A key feature in the development of these drugs is the initial
 

preparation of compounds containing a penultimate peptide bond, for the 

purpose of investigating substrate specificity> followed by severe 

modification or even complete removal of this bond to obtain enhanced 

bio-stability and antagonistic effects. The ability to prepare small 

test peptides by the solution-phase methods general to other areas of 

organic chemistry is thus crucial to the endeavour. Naturally in most 

cases this is a routine operation; the field of peptide chemistry is

comprehensively reviewed and updated18-21 and the standard techniques
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have been refined. However it is still necessary to proceed cautiously, 

as obtaining purity and chiral integrity in the product is not routine 

in the case of all the amino-acids. The basic residues of histidine and 

arginine (Fig.9) which both occur in the targets discussed in chapter 

four, have been particularly troublesome to incorporate. There have 

been problems with both these amino-acids in finding suitable protecting 

groups to mask the side chains. Additionally^confusions over 

nomenclature have partially obscured the difficulties arising from the 

inadvertent or indiscriminant preparation of different regioisomers of 

protected derivatives. Further difficulties have even arisen from

22disputes over the actual physical properties of Arg and His

The bulk of the work described in this thesis is thus concerned 

with the satisfactory protection of these two amino-acids, and is of 

course applicable to other areas of peptide chemistry apart from that 

described in the latter part of the thesis. A brief review of these 

specific problems will be found at the start of the appropriate chapter.

NH 0-CH-C0 9 HL \ L L- i
CH ? CH2
I ^ *—•" TC '

CH2

^ CHo

-r
S

Histidine Arginine

Fig.9.





CM-'-PT"^ !• Regiospecific introduction of acid-labile protecting 

groups to the imidazole moiety of histidine.
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Protection of the Imidazole function of Histidine.

A. large number of interesting peptides and proteins contain histidine; 

indeed a histidine residue in the vicinity of the active site of several 

proteolytic enzymes is strongly implicated in their action. Histidine is 

also known to play a part in both hormone receptor recognition and 

activity. >\n increasing number of these peptides are becoming realistic 

targets for synthesis, generally by means of the solid-phase method. 

However there has been a tendency amongst chemists to shy away from such 

targets due to the unique difficulties encountered whilst incorporating 

this particular residue. An example of such a peptide is Glp-His-Pro 

(Thyroliberin) whose synthesis has for this reason become something of a 

standard test in methodology^^.

It has come to be accepted that attempts to follow the normal 

procedures of peptide synthesis in the presence of an unprotected 

imidazole function are unwise. For example during activation of the 

histidine carboxyl group by carbodiimides, intramolecular acylation can

7Ltake place, resulting in lactam formation^C Fig. 1.1) •

0
DCCI 

p-N 02-Z-H i s 0 H     >_p-N02-Z-N

Fig.1.1

It has also been shown that imidazole itself can react with ;XJCI 

to give an amidine which is subsequently hydrolysed to dicyclohexylurea; 

a reaction which in n synthetic context would consume the diimide to no

25good effect . In the case of azide couplings too, side reactions have
o/

been observed, resulting in the formation of Pauly-negative by-products 

Two examples of more specific side-reactions are i). Intramolecular base 

catalysed nucleophilic attack, as for example in the case of
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histidylprolylphenylalanine esters27( Fig.l. 2) and ii). catalysis of the 

formation of amino-succiny1 derivatives from peptides containing 

aspartic acid. This rearrangement is a well known problem, occuring quite 

readily with C-terminal glycine; however the situation is markedly worse 

in the sequence - \sp His-^°(Fig. 1.3).

Fig.1.3

ROM

In addition to the above mechanistic problems, there are the more 

practical matters of the preparation, long-term storage and ease of 

handling of histidine derivatives. Compounds with a free imidazole are 

prone to tf06 to N m acyl transfer, and being zwitterionic as free acids 

are notoriously insoluble in the more convenient solvents. This latter 

consideration can be critical where fully automated solid-phase synthesis 

is in use.



In our view however the problem which makes the use of side-chain 

protection imperative is that of racemisation upon activation of the 

carboxyl group. This can be suppressed by eLectron-wi thdrawing and/or 

appropriately placed imidazole protecting groups. This matter is 

discussed more fully in chapter two; here it suffices to say that the 

location of the protecting group is at the heart of the matter and that 

its location on the imidazole pros (K) nitrogen is desirable.

It must be said however that despite the foregoing arguments, 

papers continue to appear giving examples of the use of unprotected 

histidine in synthesis. An example would be the recent synthesis of

29
Galanin , though here we would take issue with the authors in their 

claim to negligible racemisation whilst using the azide procedure. That 

there is a problem in using the azide procedure was realised almost

immediately after its introduction. More recently it has been shown that

6?
simply neutralization of Boc His N_- HCl leads to racemisation 7

The work described in this chapter can be seen as a continuation 

of the search for better imidazole protecting groups which has been 

taken up by a number of workers over many years. In a review of the area ^ 

the authors see perhaps eight classes of protecting groups, to which list 

we append two or three more (Fig. 1.4).

Inidazole Protecting Groups

Class

3113 r> n z y 1

10

Fea tures

Stable to acid 

and base .

'lemoval Problems

Na/M'l . cat. H 0 Poor electron- 

withdrawing ability. 

Slow llydrogena tion.

_/ «~
Trityl 'ase stable.

( Cenzhydryl) Good solubility.

.Strong acid ".ulky, so difficult to 

introduce to desired 

Location.
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33Nitropheny1 

( i)i and Tri)

\cid stable. Good 

electron with­ 

drawing properties.

excess thiol.

Ure thane N Z, removed in

tlie presence of
o^ 

N Z. 3oc stable

in short syntheses.

L\ H , cat. 

!3oc; TFA or

34Pipcridino- Acid stable.

carbonyI Stable to H .

Hydrazine.

:.a on
-n/,AcOH

Tosy 1
35

Crysta1 line, 

soluble 

derivatives.

' ;heap.

V. strong 

acid

iinpredictable cleavage 

by nucleophiles. 

Incompatible with long 

syntheses.

Urethanes generally 

unstable to 

nucleophiles .

Promising, but

insufficient examples 

of its use.

Over-vigorous removal 

condi tions.

rhenncy1
36

!'ree from 

racemisa tion. 

Urthogonal removal 

method.

hv or Zn/AcOH Incompatable with 11 .

.dfficulties in removing 

complexed zinc.

Trif luoro- 

acylamino- 

mothyl-

37 ."^lectron-wi thdraw- Jependant 

ing effect upon the

enhanced by acyl group, 

fluorine.

Acctvl
38

Simple

regioselective 

introduction .

N/A

,39
Trimetliy Isi ly 1 Mighly specific 

'tiphenyIphos- removal methods- 

phonyl ™

Fig.1.4

Complex and thus 

expensive. Complications 

from the introduction of 

a further chiral centre.

Limited experience of its 

use as a temporary 

blocking group.

iCnown to be useful for
<Xi 

.'I - protection, but

thought to be too 

'iydroly tical ly unstable 

.ror use here-
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In response to some of these problems, workers in this group had 

introduced theTl-benzyl-oxymethyl group. This protecting group is stable 

to basic conditions, to trifluoroacetic acid, and to aqueous solutions 

of carboxylic acids. It is cleaved cleanly and rapidly by hydrogen 

bromide in trifluoroacetic acid, or by catalytic hydrogenolysis. Its

utility had been demonstrated by the solid-phase synthesis of

LI 5-isoleucine-angiotensin II, Glp His Pro, His Trp and others . Latterly

it has been used for the preparation of a series of homo-oligohistidines

L?of conformational interest , during the preparation of thirteen

A.3
angiotensinogen analogues , and in the synthesis of two closely related

Muramyl-dipeptide-lutenizing hormone releasing hormone-lysine adducts of

4A.some complexity .

The solution syntheses described in chapter four also make 

extensive use of this protecting group and serve as further demonstrations 

of its utility. However this derivative and the TC-phenacyl derivative 

mentioned in figure 4 were designed to fulfil the requirements of a 

synthetic strategy based upon N - acid-labile temporary protection. The 

work described'here is concerned with the preparation of compounds

having mild-acid-cleavable protection on the side chain, along with
06

base- or hydrogenolytically cleavable N -protection and is thus entirely

complementary.

Preliminary work with the 7l-t-butoxymethyl group (Fig.1.5) had 

been promising: it was shown to be unaffected by exposure to 

nucleophilic and basic reagents in excess for several hours at room 

temperature, or by catalytic hydrogenolysis at one atmosphere- 

Cleavage in I occurred cleanly and rapidly with trifluoroacetic

45
acid or with anhydrous HGl or HBr in acetic acid .
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HHis(-nBum)OH l_ 
Fig.1.5

The reagent required for the introduction of the group is

t-butyLchloromethyl ether II which our Milan collaborators ^ had shown 

would react smoothly with imidazole to give the corresponding derivative 

III as a clear distillable oil (Fig. 1.6). We sought an alternative to

H 
N^- N

(CH,LCOCHCl, 93 J t- J D i. \___J

u jn
Fig.1.6

the published method of preparation, that is photochemical halogenation
in

of t-buty Imethyl ether , as despite modifications the preparation

remained unwieldy, 'ollowing the timely appearance of a paper by
48Undheirn we determined to prepare the reagent II by the action of 

sulphuryl chloride on t-butoxy-methy 1 thiomethyl ether IV, and this 

reproducibly gave us a sufficiently stable solution for our purposes. 

Of course the compound is susceptible to slight hydrolysis, and 

undergoes autodecomposi tion even in the presence of highly hindered 

bases (e.g. diisopropy Ipenty lamine) , so it was prepared from the stable 

thioether just prior to use. Our procedure for preparing IV derives from49 ~~
the work of Pojer and Angyal . Dimethyl sulphoxide reacts with acid
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anhydrides to give a highly electrophilic species, which in turn reacts 

slowly with t-butanol to give the desired product (Fig. 1.7). We found, 

using acetic anhydride, that this was invariably accompanied by 

substantial amounts of acetoxymethyIthiomethyl ether V, from which it 

could not be separated easily. We were able to repeat the reaction

Fig.1.7 mixture

using trifluoroacetic anhydride, but this reaction has a tendency to be 

over vigorous and offered us no advantage. Unfortunately the reaction 

would not proceed at all with phthalic anhydride, even on warming, 

despite its superficial promise (Fig. 1.8)*. The expected by-product, a 

hemimeththiomethyl ester of phthalic acid would presumably have been 

easy to remove.

DMSO

c

0 11 en
^Xn "=

U H
n $ "Os

II \> •->,.

(-Pth ) 
ROM

\

etc

0
Fig.1.8
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The problem associated with acetic anhydride was overcome by 

treating the resulting mixture with aqueous alkali, anticipating that 

the acetoxymethy 1thiomethy 1 ether V would be completely hydrolysed to

sodium acetate, formaldehyde and thiomethanol. To our surprise we 

isolated methyIthiomethanol VI, the simplest of an unfamiliar class of 

compounds (Fig. 1.9a). Fortunately it was easily separated from the 

required material by flash chromatography. It proved to be a stable 

distillable liquid, and a subsequent search of the literature revealed 

that the structural class has not been entirely overlooked; the next 

higher homologue having been prepared by the action of formaldehyde on 

thioethanol in refluxing methanol (Fig. 1.9b).

Actually thioacetals are normally prepared by the action of sodium 

salts of alcohols on chloromethyl alkyl sulphides in the presence of 

sodium iodide as in the case of the benzylic series31 (Fig. 1.9c). 

However we were not able to develop satisfactorily, the reaction 

between t-butoxide and me thy 1thiomethy 1 chloride.

a)

OH'

n 
0

.OH

VI
RCO-

b) CH2 0

Fig.1.9

R Nal
NaCl +

cr "s- R
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CO
With the reagent II now freely avai lablejz- the way was clear for

the preparation of theft-substituted histidine derivative. The overall 

strategy is simple; preparation of a moderately labile T"-substituted 

derivative by reaction of a bulky reagent with the free imidazoie; 

separation of any7l-substituted contaminant} and subsequent 

quaternization with the chloromethyl ether. Removal of the T-substituent 

then occurs either spontaneously or on gentle provocation. The series of

reactions set out in figurel.10 follows this approach, and some success
AA

was achieved by our collaborators in following it.

Bis-benzyloxycarbony1 histidine benzyl ester (prepared from 

histidine by three separate steps) was investigated as a possible
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intermediate too, but gave poor and somewhat variable yields. This is 

unfortunate as it offers a short-cut to the free amino-acid through 

catalytic hydrogenolysis of both remaining benzyl-type protecting 

groups following Tl-substitution.

We decided to use triphenylmethy1 as our temporary blocking group 

as its steric bulk ensures 1007. T-regioselectivi ty> and it is of low 

cost. The overall scheme is shown in figure 1.11.

The first two steps were routine and high-yielding; the 

quaternization step yield was extraordinarily variable, but generally 

very satisfactory. Concomitant removal of the trityl group and the methyl 

ester w.is achieved using moderately strong base to give the desired
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product _X£. It would be possible to retain the methyl ester by 

dissolving the imidazolium salt XIV in 807. acetic acid,and one equivalent 

of silver acetate. In the case of the imidazolium salt IX (Fig. 1.10) 

loss of the T-substituent is spontaneous and a separate base hydrolysis 

of the methyl ester follows. Naturally if the benzyloxycarbonyl group is 

not required it would be removed by catalytic hydrogenolysis at this 

stage.

The synthesis was not entirely satisfactory however, not because 

of the Inter stages, but because initially it is dependant on a laborious 

preparation of benzyloxycarbonyl histidine methyl ester VII. Despite 

careful optimisation of this by Kathbone it remains inelegant, 

proceeding via the bis-benzyloxycarbonyl derivative. ;5is-trityl histidine 

seemed a viable alternative; it is mentioned in the literature though 

with incomplete characterization, indeed with the briefest possible 

intimation of its structure . V.'e prepared its methyl ester in reasonable 

yield in the hope of carrying out the series of reactions set out below 

(rig. 1.12).

Unfortunately XV reacted rather poorly with Bum chloride, probably 

due to a combination of two factors. Firstly the reaction rate itself is 

slow, as might be expected, and secondly the desired product is more 

soluble than the hydrochloride of the starting material, which tends to

precipitate from the reaction mixture- A trace of the desired material, 

XVI was observed, but it was not felt worthwhile to pursue this reaction 

further-

The mesityImethoxymethy1 (Tom) group had previously been 

considered as a possible acid-labile imidazole protecting group but 

access to a corresponding alkylating agent was difficult. Three routes
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Fig.1.12

to mesitylmethoxymethy 1 chloride XIX had been investigated (Fig. 1.13). 

Direct chloromethylation of XX was initially thought to be satisfactory, 

but did not turn out to be reproducible . Chlorodecarboxylation of XXI

57would have been a feasible alternative , and was used to prepare a 

sample of the alkyl chloride XIX so that its reaction with imidazole 

could be checked (Fig. 1.14). However the most attractive route is via

R= H 
XX

R= CH9 CCUH Pb(OAc)/
i, £. I • s-i ^XXI LlQ

R=CH2 SCH 3 

XXII

Fig.1.13
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Fig. 1.14

XX

CICH2 C0 2 H

OH

XXI XXIII

mesi tylmethoxy thiomethane XXII. This compound had been prepared in this 

laboratory-^by Corey's procedure-1 'but the resulting mixture contained 

only 50"0 of the required material and needed extensive purification.

49Using the procedure of Pojer and Angyal we obtained the thioether XXII 

and thence the chloromethyl ether XIX with no difficulty.

The route to alt-Tom substituted histidine parallels that for the 

TC-Bum case, and is set out below (Fig- 1.15).

The preparation of the imidazolium salt XXV was again not 

completely reliable, but generally satisfactory. Monitoring of the 

reaction showed the starting material was consumed in all cases. 

Taking this material through to the free amino-acid by mild acidolytic 

cleavage of the trityl group, and subsequent hydrogenolysis of the 

Z-group was a routine operation going in good yield.

The alternative more efficient procedure using the bis-trityl 

compound XV, abortive in the case of the TT-Bum compound, turned out to 

be more useful in the case of the Tom analogue (Fig. 1-16). The basic

conditions used for the breakdown of the imidazolium moiety were not 

sufficiently strong as to hydrolyse the methyl ester, which could be 

carried out in a subsequent step if required.
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H 
ZN

Fig.1.15

XIII XXV

TrtHis(T-TrHOMe XV
Fig.1.16

Ph 3 CN
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The general approach set out above is not restricted to preparing 

suitably functionalised amino-acids for peptide synthesis. In the course 

of our work (c.f. chap. 4) we required a histidine derivative suitably 

protected such that it had no free protons on nitrogen, and prepared for 

the racemization-free activation of the carboxyl function. The series of 

reactions set out in figure 1.17 fulfilled this objective without the 

need for carboxyl protection.

The yields, in particular the combined quaternization and 

de-tritylation step, were disappointing, but this disadvantage is offset 

by the low cost and simplicity of the reactions. No attempt was made at 

optimising these yields as the initial experiments furnished sufficient 

material for our purposes.
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It seemed appropriate to prepare a small peptidc using aTt-Bum 

protected histidine reagent. We chose to prepare H His Phe Arg Oil XXXV 

as a sample of this material was available prepared via the more 

established Tl-Bom route (see chapter four). The synthesis is set out in 

figure 1.18. It is certainly not the strategy of choice, passing as it 

does via a penultimate zwitterionic form retaining a lipophilic 

protecting group XXXVI. (At this stage some material was lost in the 

manipulations). However the coupling step was quite satisfactory and the 

final product was identical (counterion differences aside) with the 

previously authenticated material. 

His

H-

•OMe Fig.1,18

TBoc

OMe
Phe Arg

TlBum
•OMeBoc-

TTBum

•OH H-

TTBum
VI

TTBum
VI

V I I

-OH H-

H-

i) a) MeOH/ HCl/ SOCl b) ZCl/ OH
64%

ii) uoc2 o 94%

iii) ,3um Cl 66%

N'aOH (aq), and IT\. 83%

OBzl

,N0 2
•OBzl

NO,

•OBzl

-OH

XXXVI
-OH

XXXV
©

IV

v) ucci/ :IOBT-

vi) " 89% 

vii) H 2 / Pd/ C 23% 

viii) TFA.90%
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Conclusion.

The review part of this chapter has pointed out the increasingly

urgent need for having the imidazole function in histidine suitably 

protected prior to synthesis. By developing both a practical route to 

the appropriate alkylating agents and suitable methods of introducing 

them regioselectively we have made this possible using a class of 

acidolytically deavable protecting groups. The two specific members of 

this class, namely the t-butoxymethyl-and mesitylmethoxymethyl-groups 

have been satisfactorially introduced into a number of usefully 

functionalised histidine derivatives.



^'* 2. Differentiation between T[ and T derivatised histiclines.
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In the preceding chapter one strong reason was put forward for requiring 

histidine protecting groups to be located on the pros-nitrogen, namely 

retention of chiral integrity during synthes is, and this is discussed 

more fully below- The preparations described there made use of bulky 

temporary protecting groups whose required location on the tele-nitrogen 

was assumed. That work by no means represents the end of the search for 

histidine protecting groups of different classes, and the need remains 

for groups whose removal conditions are orthogonal to those prevailing at 

other stages in a peptide synthesis. However a quite separate matter is 

the growing demand for histidine derivatives permanently and specifically 

alkylated on either imidazole nitrogen. This has arisen both in the 

pharmaceutical field and in industrial toxicology .

It is implicit in all the above that adequate methods for

regioisomeric differentiation are available, whereas this was not in fact 

the case prior to the work desribed below. To make matters worse there has 

been much confusion owing to the currency in biochemical circles of

completely contrary conventions for the numerical designation of the

f\\ 
heterocyclic nitrogens . (U'e adhere to the nomenclature set out in the

Introduction Fig.9).

The ilacemisa tion Iroblern.

The observation of racemisation in t-butoxycarbonylhistidine azide

hydrochloride, together with the demonstration of the reversible
/o 

formation of a cyclic imidazolide from this compound led Veber to

propose this intermediate as the optically labile moiety. He suggested 

that a pros-substituted imidazole does not prevent cyclisation and 

therefore racemisation. However it has subsequently been shown (for 

N^-benzyloxycarbony1-N -phenacyl histidine activated by the diimide 

method) that loss of optical activity proceeds via racemisation of the 

0-acyl urea present in low concentration (Fig.2.1). furthermore the
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N -phenacyl derivative is not prone to racemisation under these 

condi tions.

Fig.2.1

X= activating 
group

PP = protecting 
groups

Racemic peptide

tiore detailed mechanistic work to obtain racemisation rate

64constants has been undertaken using Z His (T-BzLJOPcp • This demonstrated 

an intramolecular rate constant (1*9.10 s ) consistent with the above 

process, and additionally an intermolecular rate constant (8*5.10 M s ) 

in agreement with the process of intermolecular autoracemisation (Fig. 

2.2). The second process was strongly inhibited by electron withdrawing 

tele-substituents, both because of the effect of reduction in base

L-Z His(T-Bzl)OPcp D,L-ZHis(T-Bzl)OPcp

B Fig.2.2
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strength and the shift in equilibrium from B to A. Unfortunately no 

pros-substituted compounds were examined, (at least these authors 

assumed all their protecting groups were located on the tele-position).

The susceptibility to racemisation which activated histidines not 

bearing a suitable protecting group on the pros-nitrogen show upon each 

fresh study only reinforces our view that such protection is mandatory 

during peptide synthesis. 

Histidine i<egiochemistry.

It has been common practice to assume that in the reaction of 

histidine side-chains with equimolar amounts of electrophilic reagents 

the main product will be that arising from attack at the least hindered, 

ie tele, position . In our experience this is a valid assumption. 

Acylating agents, 2,4-dinitrophenyl fluoride, toluene-p-sulphonyl 

chloride and very hindered alkylating agents generally give a much

greater predominance of one product having the tele-orientation. 

Alkylating agents which do not have overwhelming steric demands, however,

give mixtures which may contain up to 30-407. of the pros-substituted 

isomer. If an excess of alkylating agent is employed, under some 

circumstances the mixture of monoalkyl isomer and disubstituted product 

can contain comparable amounts of each of the former. In the case of the 

unhindered highly reactive methylating agent methyl methanesulphonate, it 

has been reported that the second-order rate-constant for first reaction 

at the pros-nitrogen of N -acetylhistidine methylarnide is significantly 

greater than that for first reaction at the tele-nitrogen, and the 

generalisation that tele-substituted products are invariably in
66

predominance has been contradicted

More recently the reaction of methyloxirane with N -benzoyIhisti  

dine was shown to give a 2:1 mixture of alkylated products (presumably
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T:Tt), which required separation by chromatography. The di-substituted 

iinidazolium salt was also formed as a by-product, but slowly; the 

quantity increased steadily and irreversibly with prolonged reaction. 

Similarly, N -benzoylhistidine methyl ester was reacted with 

bromoacetone to give a pair of 2-oxopropyl derivatives in approximately 

the same ratio.

The danger of confusion is heightened when an experiment gives

only one of a possible pair of regioisomers in poor yield. A case in
/n 

point would be Li's preparation of N -Boc His(Im-Soc) Oil where the

only characterised material was obtained in 237,, yield, so that the

grounds for assuming the regiochemistry are particularly weak in this

case.

Differentiation between derivatised histidines.

There are two existing methods of distinguishing between the 

regioisomers; firstly the method of chemical degradation which has proved 

useful in a few cases. For example with Z His(Im-iJnp)UMe a novel 

application of the well established Bamberger-type 'ring-opening with 

benzyl chloroformate and alkali gave a compound whose structure could be

unambiguously assigned through its n.m.r. spectrum. However the method 

la"cks generality. Secondly a more useful but completely empirical method

involves measurement of the cross-ring coupling constant between protons

70
2 and 4. It has been proposed that a value between 1-1 and 1 - 4 Hz

indicates tele-substitution, whereas a value between 0'9 and 1'0 Hz 

indicates pros-substitution. This seems a slender distinction, and 

although we have yet to encounter an example which disobeys the rule, in 

the course of this work we came across a value which falls well outside 

the hitherto accepted range (FmocHis(T-Ppc)QH. C XXIV, J = 1'7 Hz). It is 

frequently difficult, and in complex structures impossible, to measure 

these coupling constants.
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Our new and more general differentiation method involves 

quaternisation of the Lm-substituted derivative using any convenient 

methylating agent (generally Mel suffices)» followed by removal of all of 

the protecting groups originally present. By this method the unknown 

compound will be converted into one or other of the pair of compounds 

11 His(7C Me)OH, :-:.-:;:viII and H His(T He)OH X£OX. (Fig. 2.3). Under 

appropriate conditions (detailed in Chapter 6) it proved possible to 

separate a mixed sample of these two amino-acids using the short column 

of a commercial amino-acid analyser. The emergent peaks were quite 

separate and easily integrated. This was most fortuitous, as this 

particular analytical technique has great sensitivity, (it is possible 

to detect a few tens of n Moles of material without difficulty), and 

requires no pre-purification of the sample. In addition the standard 

acid hydrolysis conditions used in preparing a peptide for analysis,

0

XXXVIII

i) Mel/solvent. 
ii)6M HO. Fig.2.3
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when used here» will remove virtually all of the protecting groups in 

common use. In the few cases where this might not be relied upon an 

additional step can be interposed where removal conditions specific for 

the substituent in question are applied. For example in the case of the 

pair of compounds bearing methoxyethoxymethyl-, (Mem-), groups following 

me thy Intion the residue was treated with anhydrous zinc bromide.

(Fig. 2.A).

It is only in the case of simple alkyl substituents, where there

can be no appropriate method of decomposing the imidazolium intermediate,

that the method reaches its limitations.

Fig.2.4

It was helpful that the pair of Im-methyl histidines are 

commercially available, but they too were ambiguously labelled 

"1-methyl histidine" and "3-methyl histidine". So although it was 

possible to take all of the twenty or so compounds available to us and 

assign them to either series of compound we had not established an
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absolute reference point- This was provided by the structure of 13oc 

His(Tt Bom)OH. XL, which had previously been elucidated by X-ray'' 

crystallography. In fact the actual material used for the 

crystallographic work was used in our experiments. By the above method 

>CL was related to "3-methyl histidine", which is thus the tele-isomer 

"A.ax. It follows that "1-methyl histidine" is the pros-isomer XXXVITI. 

It is conceivable that due to contamination by a minor isomer, or 

by premature loss of a protecting group, that methylation could 

selectively pick up the wrong isomer. To cross-check we always compared 

the total quantity of methylated material against the residual histidine 

(if any) to establish that substantial reaction had occurred. In no case 

did any ambiguity arise. The peaks on the amino-acid analysis output 

corresponding to histidine and ammonia were close to but not obstructive

of the two other peaks (Fig. 2.5).

79The full list of histidine ' L compounds examined is given in Figure

2.6. The compound XIII, the basis of two reaction sequences described in 

Chap. 1, and the intermediate used for example in the literature 

preparation of Z His(Tt Phen)OMe LI thus becomes a subsidiary reference 

point. In the case of XLVII no methylated histidines were observed upon 

amino-acid analysis. To obtain a result here it would have been necessary 

to interpose an hydrogenolysis step, but in view of the further results
 

described below on this and six other Im-benzyl compounds, this was not 

attempted. The tosylate XLVIII was notably resistant to methylation, 

indicative of the powerful electron withdrawing effect of the tosyl 

9 Qfunction, and required the use of Me 0 BF in dichloromethane over 

several hours.

The structural assignments made using the above method were in all 

cases in agreement v:ith those which had been assumed from their particular 

methods of synthesis.
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Compound source Kef. No Comments

Lioc His(tt Bom)OH

Boc His(TCBom)OMe 

H His(7TMe)OM 

H Ilis(T Me)OH 

Z His(T Trt)UMe 

Z His(TT Bum)OHe

Z His(Tl Bum)OH

Z His(T Bum)0!ie 

Z His(TlMem)Oile 

Z His(T Mem) Olle 

Z llis(TTSem)0;-le

Z His(T oem)UMe

Z His(TCBzl)oiI

Z Ilis(T Tos)0:ie

Z !!is(T E'pc)OMe

Fmoc His(T Fpc)OH 

Fmoc His(T Boc):iH

P

P 

C 

C 

P 

I/P

I/P

I 

I 

I 

I

I

P

P

Plb

Ic 

I

XL

XL!

XXX VI 11

XXXI X

XIII

X.

XI

A LI I

XLIII

XLIV

XLV

XLVI

XLVII

XLVIII

XLIX

XXXVII

L

Absolute reference

.Subsidiary references 

General intermediate

See chap.l

Pairs of novel 

protecting groups

under investigation

Fig. 2.6

C = commercially available 1 = prepared by our collaborators and

142
purified in this laboratory. Ib = prepared by Ur Walker.

130 '
Ic = Kind gift of 'jr JO. uichards. P = prepared in this laboratory.

The method set out» though sound in its argument» passes through a 

kind of "logical bottleneck" in relating all the compounds to XL. More 

importantly it is a primary method not suitable for a "once-off" 

examination of a single compound. For these two reasons we sought a 

further criterion, using n.m.r-
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We reasoned that on whichever of the two imidazole nitrogens a 

substituent was Located that upon irradiation a nuclear Overhauser 

enhancement should be observed from it to the proton on Im-2. 

(Providing of course it has any protons in the vicinity of the point of 

attachment). However there should only be an n.O.e between the 

substituent and the other ring proton if it is located on the tcle- 

nitrogen. This should follow from the rapid falling off of n.O.e effects 

with distance. In practice it is normally easier to irradiate the 

imidazole protons themselves as they are generally well downfield and 

easily identified, and look for enhancements elsewhere in the spectrum. 

The pair of methylated histidines made an obvious first target for 

investigation, and they clearly supported the thesis (Fig.2.7).

N

1-10-A,

3-00'A

0-30'A

XXXVIII

Turning to our principle reference material XL we saw the expected 

enhancement from the proton on Im2 to the Bom-methylene between the 

hetero-atoms, and interestingly a further effect on the benzylic 

methylene. This suggested the molecule might exist in solution with the 

two aromatic rings overlying one another. With this in mind we also 

examined the methyl ester XL1 and noted an enhancement of the signal

from the benzylic methylene on irradiation of Im4 which supports the
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suggestion (Fig.2.8). The molecule clearly has several minimum energy 

states available to it; in the course of the crystal structure 

determination referred to above, two further completely different

conformations were found in the single unit cell. These have been

? }
subsequently shown to be at similar energy minima .

2-00 V.

0-90

XL

0-50 V.

Fig.2.8

0-607.

XLI

0-50 V.

Ue next returned to a pair of derivatives prepared in the course 

of much earlier work on histidine protection , the phenacyl derivatives. 

The samples needed a little work to re-purify them and obtain them in an 

equivalent chemical state,free from their hydrobromide salts. Compound
 

LI (."! His(TT Phen)OMe) had been prepared via the tcle-tri ty 1 derivative, 

so conceivably the loss of trityl cation could precede reaction with 

phcnncyl bromide. Worse, the corresponding tele-phenacyl compound LII 

had been isolated from the mixture arising from reaction of a 

structurally undefined Im-silver salt with phenacyl bromide. Although 

unfortunately we were prevented from Irradiating Im2 by the proximity of 

its chemical shift to other aromatic protons, irradiation of Im4 gave an
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unambiguous result confirming the assumed structures to be correct (Fig« 

2.9).

LI

  precluded

1-40 V. Fig.2.9

precluded

A. recent paper has appeared in which a range of novel 

regiospecifically alkylated histidine derivatives have been prepared

59
using the phenacyl function as a temporary blocking group ; in fact 

proceeding via LII in some of the examples given (Fig.2.10).

(Our spectroscopic data is in complete agreement with these authors' 

compound N° 20, which they confusingly name as a l-(2-oxo-2-phenylethy!)  

derivative). As the preparations described therein made use of an
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TTTT <X/
intermediate N -N cyclic urea LIII, establishing the structure of LII 

with certainty validates the use of this intermediate here and in its 

more general applications.

HHisOMe
i i) Im9 CO

(general for ROM)

R'X

Zn/AcOH/

R

PhCOCH2 Br

Fig.2.10

Examination of tlie t-butoxymethy 1 derivative X prepared as described 

in Chap.l (and the free acid derived therefrom :;i) together with the 

matching compound !Iis(T Bum)OMe prepared for the purpose by direct 

reaction of Z His OMe with Bum-Cl, also gave a satisfactory result (Fig. 

2.11).
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,,74.

H

Fig.2.11

We then turned to a number of histidine derivatives bearing 

protecting groups still under investigation in this laboratory:

The p -methoxyethoxymethyl (Hem) group was introduced by Corey'^as 

an alcohol protecting group complementary to others in general use. It 

proved stable under most conditions, in particular strong base, and the 

removal conditions; Znl3r or TiCl left acetate, benzyl ether, TUP, 

trichloroethy1 ether etc untouched. Its use as an imidazole protecting 

group seems attractive as the majority of protecting groups in general 

use in peptide chemistry are also stable to mild Lewis acid-

The /3-trimethyIsilylethoxymethyl (3em) group is the simplest 

example of a class of /3-eliminating groups susceptible to fluoridolysis. 

These derive from Cnrpino's successful introduction of the

75/3-trimethyIsilylethyloxycarbony1 (Teoc) group , which collapses to a 

series of volatile by-products following attack by tetraethylammonium 

fluoride- The f.em group is particularly attractive as the development of

mild fluoridolysis as a final, orthogonal step during peptide synthesis is

1f\ 77
taking place elsewhere ' at the present time.
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The two tele-derivatives XL1V and XLVI were obtained by direct 

reaction of Z HisCIle with llcm and ^em chloride respectively. The 

corresponding pros-substituted compounds XLIII and XLV were prepared via 

VIII• The n.O.e experiments (Fig.2.12) yielded a superabundance of 

effects, particularly in the case of the pros-derivatives, jome of the 

key enhancements are particularly large and clear, e.g. in compound XLV

1-20-A 0-60 V.

T N=\
0-60'A 7 \ 

I————H

Im2-»CH2 , 1-60 '/• 

, 13-20'A

1-00'A 

XLV

2- 60 -A 
2-00'A 
4-30'A 
0-80 •/•

Si-

H
-^ _ ||KO'/. t 
1-80V- I ——— I

5-40 V.

, 1-50'A 
, 5-50 -A XLVI

Fig.2.12
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a .1.3' 2 '.'„ enhancement is observed between Im2 and the methylene on nitrogen, 

and none between ImA and that same methylene. The spectra for the pair of 

Mem derivatives present a visually clear picture» and are given in 

Figures 2.13a and b. Nuclear Overhauser enhancements are shown (in the 

form "A =") as percentage difference spectra. Confirmation of the 

structures of XLIII and XLV clears the way forward to their further 

examination as viable protecting groups.

The preparation of pharmaceutical targets was again recently cited

78as the reason for preparing a series of modified histidine derivatives . 

The author expounded a method of preparing compounds having groups of the 

benzylic class regioselectively placed on the imidazole ring; reacting 

aryl triflates and mesulates with Boc His(T Boc)OMe L1V- The simplest 

derivative mentioned therein was available to us, that is Boc Ilis(TC Bzl) 

Ufle L7, and our spectroscopic data is in complete agreement with his. It 

so happens the corresponding tele-benzyl isomer is commercially available 

too, as its free acid LVI (ambiguously named), and thus also is the methyl 

ester I,VII available for comparison. We were anxious to examine these 

materials as they are not susceptible to the methylation/degradation 

analysis without introducing further complications (hydrogenolysis etc), 

and we were gratified to find the expected structures to be clearly 

confirmed. (Fig. 2.14). Compound LVI is known to be particularly 

susceptible to racemisation upon carboxyl activation, and its uncritical

use is to be deprecated. Another related material also available 

commercially is Z His(T 13zl)OH LIX (again described as "Im-benzy 1"), and 

along with the pros-isomer XLVII prepared in this laboratory its 

structure was also confirmed (Fig- 2.15). The corresponding methyl esters 

Z !Iis(T Bzl)u;ie and Z Ilis(Tt 13zl)0i!e LVI 11 were also examined, but with no 

extra data worthy of comment arising.
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small -ve
2-50 •/•

6-50 'A

LV

2-80V. m .,.

LVII

Fig. 2.14
[LVI]

0-90'A

a 5-80'A
b 2-20'/- [1-20'A]
c 2-40'A 11-70'A]

1-20'A
2-20 V. 2-00'A

a 0-80'A
b 1-50-A
c 10-94 "A

XLVII

a 1-60'A
b 1-70 -A
c 13-60'A

*H ~T ,N 
10-40-Aln M

6-20'A

1-20'A

LIX

Fig.2.15
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Finally we returned to examine materials relating to the work 

described in Chapter one. It was mentioned there that hydrogenolysis of 

Z !!is(TC Tom)OMe, A"VI was a satisfactory method of removing the Z-group; 

hydrolysis with alkali and aqueous methanol also proceeded smoothly over 

about 20 min. to give the free acid Z His(TT Tom)OH I.XI. Upon examination 

an n.O.c was observed, from Im2, of both the methylene signals arising 

from the protecting group; confirming the structure. Boc [Iis(Tr Bum)u;ie 

LXII » prepared from LIV is also associated with the work in Chap.l, and 

was also examined, although this particular compound could have only 

limited synthetic utility. (Fig. 2.16).

0-8 O-/ 2-90 V.
Fig.2.16

5-10V.

LXII a 2-10'A 
b 1-80'A

Conclusion.

The importance of regioisomeric differentiation in substituted 

histidines having been set out, and the inadequacies of existing 

differentiation techniques having been discussed, two new techniques are 

presented. The first of these, involving conversion to either of a pair 

of Im-methyl histidines, is a primary method suitable for firmly 

establishing the structure of histidine derivatives bearing all but the
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very simplest classes of substituonts (e.g. alkyl). The second is the 

application of an n.m.r. method suitable for quick examination of single 

novel compounds such as might arise in future work.

The twenty four compounds examined here range from well known 

commercially available materials assigned ambiguous names or incorrect 

structures, through to compounds still under investigation with a view to 

devising new methodologies for introducing histidine in peptide synthesis. 

The validity of synthetic methods used by other authors have been, in 

general, confirmed under rather closer conditions of scrutiny than they 

themselves were able to apply. The bulk of the work described in this

79 80
chapter has been the subject of publication ' .



CIPPT 1 ".! 3. Investigations into the protection of the guanidine 

function in arginine.
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Incorporation of A rginine into Peptides.

The basicity of the guanidine side-chain in nrginine (pi; 12 "5; pH
81

of the amino-acid at the isoelectric point 10*76) is such that in 

biological systems it is always protonated. It would remain in this form 

during most of the stages that could be envisaged during a peptide 

synthesis. There are however a number of drawbacks to "protecting" the 

functional group with a proton; for example it tends to make arginine- 

containing peptides soluble in water, and insoluble in organic solvents, 

hampering purification. In addition, the nucleophilicity of the group is 

not fully suppressed as would be the case in a simple amine. Experience 

has shown thnt this residual activity can lead to the formation of a 

number of by-products. For example, it was found that in attempting to 

couple Z Arg OH to H Fro 03uC. IIC1 by the 1JCCI-II03T method, a compound

8?
containing a six-rnembercd lactam ring was the major product (Fi>j. 3.1).

Furthermore, acylation of the guanidine group during coupling can occur

oc
in preference to the desired attack at ft .

DCU

S-Lacfam

Whilst attempting to deliberately prepare peptides linked through

83 $
the side-chain, Photaki and Yiotakis confirmed a previous observation 

that the reaction does not terminate at this stage, but goes on to



produce a 2-iminoimidazolidin-4-one and an ornithine derivative, 

quantitatively, following deprotection (Fig. 3.2).

51.

Ph 3CN

Fig.3.2

NH

Ph 3 CN

2 HN NH

R 0

0 ^Ph

NH 0 H i it n

H
R

NZ

In fact the situation is even worse than the above simplified view, as 

there can be "side-reactions to side-reactions" producing both a;, G?- 

diacylated derivatives, and mixtures of amino-amides and citrulline. 

Before going on to discuss methods of protecting arginine in 

order to avoid these problems, the radically different approach of

deliberately incorporating ornithine into the peptide and subsequently 

converting it to arginine must be mentioned. The reaction itself can be

carried out using a number of reagents, e.g. cyanamide, guanidine, S-

methyl isothiourea, U-methylisourea or the new aminoiminomethanesulphonic

85ncid reagents recently developed by Miller U''ig« 3.3). (Interestingly,
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Q/VW

the reaction pre-dates the isolation of the amino-acid from protein 

sources in the 1890's, and is intimately tied up with the elucidation of 

the structure of arginine). However although a procedure for the 

differential protection of ornithine (as against lysine for example) is
Q/

available, the procedure has not attracted much interest aside from the 

work of the originators of the idea.

In examining potential arginine protecting groups we decided to 

continue to use a model compound} 2-phenylethylguanidine, LXI1I, which 

we had previously found to be more convenient to handle than arginine
87itself. The reaction above, in this case using 3-methylisothiouronium 

hemisulphate as reagent, proved to be an easy means of preparation (rig. 

3.A).

LXIII
HS-

Fig.3A
Arginine Protecting Groups.

Broadly speaking, the requirements for a guanidine protecting 

"roup, resemble those for an imidazole protecting group, set out in
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chapter one, viz electron-withdrawing ability to reduce nucleophilicity, 

and/or steric bulk to hinder the approach of an electrophile. Useful 

spin-offs to be hoped for include good solubility in organic solvents, 

crystallinity of derivatives and, with respect to deprotection, 

orthogonality to other protecting groups. Obviously no single protecting 

group will be a panacea, as in making a choice, account must be taken of 

the particular conditions being used.

The structure inherent in the guanidine function also means the 

option of placing two identical (or different) protecting groups, or a 

bidentate protecting group is also available. (The f.act that Trt Arg(6-

88Tr t <J-Trt u?-Trt)OIIe has been prepared shows there is literally plenty 

of room for manoeuvre). Naturally, numerous solutions to the problem

89,90
have appeared over the years, and the area is periodically reviewed- In 

total around 40 different protecting groups have been put forward, 

falling into 7 classes (a - g, detailed below). However some of these 

have been presented as protecting groups, (e.g. see ref. 89 Table II), 

but in fact have no cleavage conditions, which is rather a contradiction 

in terms. 

a). Hitro-group.

This group is the oldest and most commonly used, and is simple and 

cheap to introduce. It does however fail to suppress cyclisation; for 

instance in several attempts to prepare Z Arg(K0 9 )Ojp-t!0,) Fh, the 6-lactam

91v?as formed and attempts to form an acid chloride were completely 

unsuccessful. It is also incompatible with the use of hydrazinc. The most 

serious drawbacks arise during deprotection; removal by !!!•, 

methancsulpllonic acid or fluorosulphonic acid is possible, but 

deprotection is normally by catalytic hydrogenolysis. This can be
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sequence dependent and slow: the latter problem leading to reduction of 

aromatic residues elsewhere in the peptide. In common with other

reductive methods such as Na/NH and Zn/acid it can lead to the

CO (jjformation of substantial quantities of N -arnino and N -nitroso arginines

92(in the last case up to 607. )• The best use of nitro- is in the 

preparation of short sequences, where the use of catalytic hydrogenation 

is anticipated in the final stages of the synthesis. It was for this

reason that it was chosen for the syntheses described in chapter four, 

b). \cyl groups.

vround a dozen have been examined, including benzoy1,carboxybenz- 

oyl, tetrachlorobenzoyl, !:-dimethyltetraclilorophthalamy 1,

2-benzoy1tctrachlorobcnzoy1, 2-isopropoxy-3,4,5,6-tetrachlorobenzoyl,

0-pulphomethoxybenzoy1 and dichlorosalicoyl, and formyl, acetyl, 

trifluoroacety1 and dichloroacetyl. The benzoyl-derived groups were 

either completely resistant to cleavage, or were only partially cleaved 

by hydrazine, and this whole sub-class has been abandoned. Of the non- 

aromatic acyl groups, the first two were insufficiently electron- 

withdrawing; halogenation remedies this problem, but the resulting groups 

were too labile. This is unfortunate, as on N , hydrolytic cleavage of 

trifluoroacetyl occurs on increasing the p!I of the solution to around 10, 

using dilute aqueous sodium hydroxide or aqueous ammonia, conditions

93under which the peptide link is secure.

for the sake of completeness we decided to examine the remaining 

members of the series by preparing a derivative of the chloroacetyl and 

difluoroacetyl groups (i''ig« 3.5). At the time of the original work the 

latter was a rather exotic and expensive material.

Neither attempt at functionalising the model guanidine gave a



55.

NH 2 ClCH 2COCl

F2 CHC0 2 CH3 LXIV

0 LXV
Fig.3.5

single product, and in both cases, but in particular with the 

co-dif luoroacety 1 compound L.;y, they were so noticeably unstable to 

hydrolysis that we could never envisage their use as protecting groups.

There is a possible unwanted side-reaction with this type of 

reagent, as exemplified in the diagram (Fig* 3.6)

Me were deterred from investigating the last of the possible variants, 

fluoroncetyl, by its very high toxicity.

0 Cl 0 r~\ Fig.3.6

OR
N>

NH NH

c). Uretnnnes.

There is more scope in deprotection amongst this class; the

94benzyloxycarbony 1 group was of course investigated early on, and found



56,

89
to be more resistant to acidolysis than when on the Tl - position.

Ireparation of the bis-Z compounds, whose structural elucidation has 

caused difficulties, reduces the basicity almost completely, and it is 

possible to obtain theu>,oj compound free from the o ,Ct> compound, as the

c . 95O-'i-group is less stable to aqueous alkali. Variations on Z, such as 

p-methoxy-Z and p-nitro- 7, have also been tried in order to vary 

resistance to acido lysis.

A complementary series of compounds bearing acid labile protecting 

groups has also been examined. Reaction of Z ArgOH with excess 3oc 0

96gave a mixture of the two possible bis -'3oc- com pounds which required 

chromatographic separation. The 8 /J-compound was unstable in a range of 

solvents, readily t-butylating the free acid group (rig. 3.7)

These problems have discouraged its use, and although the

successful application of Fmoc Arg(3oc)01I in solid phase synthesis has

of

,98

97been claimed, the ability of a single 3oc-group to suppress further

acylation has been disputed.

The isobornyloxycarbony1-and adamantyloxycarbonyl groups are 

similarly removed by trifluoroacetic acid, but these too are

98insufficiently resistant to further acylation, which is rather 

surprising considering their bulk.

ZArg(«Boc«Boc)OH \
^» t

ZArgOH __^ ZArg(o,Boc)OBu

ZArg(o>Boc u>'Boc)OH r . -,- v Fig.3.7

;1). ."lulphenyl groups.

o-I!i tropheny Isulpheny 1 is the only member of this class; it is
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removed by dilute HCl(aq) or by HBr in acetic acid, but is incompatible 

with hydrogenation, and presumably would be an unwelcome complication in 

the synthesis of sulphur-containing peptides.

e). The Trityl group.

.A s mentioned above, a tctra-tri tylated arginine derivative can be 

prepared, but this is of no synthetic interest as the methyl ester

99cannot be hydrolysed. Boc Arg(Trt)OIl has been prepared, but has not 

yet been applied to peptide synthesis.

f). Sulphonyl groups.

The parent member of the group, benzenesulphony1, has not found use

in peptide chemistry, as it is too stable (it can be removed slowly by

1°9
l.a/il.I or by ilaney nickel )• Here useful protecting groups have been

developed from it by variously substituting the aromatic ring. The tosyl

•

group can be removed by N'a/lill or by !!!•' at 0 C, however the former can 

cause numerous side-reactions in peptides, including cleavage at proline, 

decomposition of tryptophan and methionine, racemisation etc, and is 

being increasingly shunned. Loading the ring with electron donating 

substitucnts which stabilise a developing positive charge, increases the 

susceptibility of sulphonates to acid cleavage, for example Tos is 

removed by TFMflA (lh.) and f luorosulphonic acid (20 min.). The nev.'er 

groups; 4-methoxybenzenesulphonyl (libs), 2,4,6-trimethylbenzenesulphonyl 

(Mts), 4-methoxy-2,6-dimethyIbenzenesulphonyl (ads) and 4-methoxy-2,3,6- 

trimethyIbenzenesulphony1 (tltr), are increasingly more labile to strong 

acid, but it was thought the limit had been reached when 4-methoxy-2,3,5, 

G-tetrainethyIbenzenesulphony 1 was shown to be less labile than iltr. 

However a reconsideration of the stereoelectronic reasons behind this 

lend to the development of what is perhaps the final step along this road,

101the 2, 2 , 5, 7,3-pentnmcthy lchroman-6-sulphonyl group. In at le.ist one of
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102the above examples (lids) it has been pointed out that the reaction of 

- ArgOII with tlds-Cl was not clean, and probably gave the analogue with 

two lids groups, amongst several other by-products.

We wondered whether a bidentate sulphonyl protecting group, perhaps 

1,2-benzenedisulphonyl (or 1,8-napthalenedisulphonyl) would be useful, 

and set about preparing a derivative, r,;\VI, but no products of this type 

could be isolated from the reaction (Fig. 3.8). This was unfortunate, as 

one can envisage further substitution of the sulphonated ring to vary its 

properties

LXVI

n,). >Ufunctional cnrbonyl groups.

Fig.3.8

during the 19GO's a great deal of interest was generated when it 

was discovered that various aldehydes and ketones would react irreversibly 

with arginine in proteins. The resulting modified proteins permitted 

more selective cleavage by trypsin, sensitive quantitative assay for 

arginine, (using fluorescent ketones such as phenanthraquinone), 

immunological changes and other desirable effects. Amongst the reagents 

used were benzils, biacetyl, cyclohexane-l,2-dione, glyoxal and 

phenylglyoxal, 1,1,3,3-tetraethoxypropane etc, and the work from this 

period has been reviewed- It has been claimed that some of the 

products are formed reversibly, but in general this is not the case. 

The more weakly held together adducts, such as thn t with cyclohexane-1,

104-2-dione are rather too susceptible to p!I changes (Fig. 3.9) to be of
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much use in straightforward synthesis, but have found a use in enzyme-

105catalysed semi-synthesis.

pH7-9
I / \ \J \ \ S I*-->

II \\ irreV' HN./NH 
00 I

N 
HoN.

Fig.3.9

In a sense the whole investigation will probably repent itself in

the search for reagents to modify bases in oligodeoxyribo-nucleotide

106 synthesis, as in the case of guanine (Fig. 3.10).

glyoxal

Fig.3.10

Further investigation of this class.

We felt there was a possibility of preparing a bidentate 

protecting group by working with compounds in class f)«, above. 

Phthaloyl, the obvious, familiar example had been examined already. It 

cannot be cleaved completely, and removal by hydrazine leads to the 

formation of some ornithine. HalondiaIdehyde was also known to react 

irreversibly with guanidines to give 2-pyrimidylornithine derivatives 

(Fig. 3.11), however at this oxidation level there is no "lever" to 

re-open the ring.
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Fig.3.11

Taking the preparation of the barbiturates as a precedent! (e.g. 

diethyIphenyImalonate and urea give 5-phenyIbarbituric acid in the 

presence of sodium methoxide )>-we reacted diethyl malonate with our 

model guanidine and did indeed obtain a stable crystalline pyrimidinone 

derivative (Tig. 3.12). The reaction produced only a single isomer, as

DEM
NH 2 NaOEt-

Fig.3.12 LXVI1

indeed appeared to be the case in a subsequent reaction with a protected 

arginine derivative (Boc Arg UHe, LXIX ,.Fig. 3.13), though a trace 

impurity was present. This is as might be expected, as only theft?, CO - 

derivative can be aromatic- However caution is necessary in making this 

type of assumption, as the reaction of ;_>^M with methyIguanidine has been
108reported as giving two products in the ratio of 9:1 (Fig. 3.14).

Products such as L".VII and L\\ are, being aromatic, so resistant 

to cleavage relative to other protecting groups, that their use can be 

completely ruled-out.



61.

HN 

Fig.3.13
HCK ^ "OH 

LXX

NH DEM

NH

Fig.3.14 1

\.hat is required is some way to prevent aromatisation; 

disubstitution of the 2-position in malonates, removing both protons 

from the pyrimidine 5-position would serve the purpose. 2» 2-,;imethy 1- 

diethyImalonate was available, and 1,1-cyclobutanedicarboxylic acid 

dimethyl ester LXXI, and 1,1-cyclopropanedicarboxylic acid dimethyl 

ester L\.'CII were trivial to prepare, and we reacted them in turn with 

the model guanidine. The products were investigated with respect to 

their stability to hydroxide-ion and hydroxylamine, and in the case of 

the spiro-derivatives, with acid (Fig. 3.15). In each case we checked 

for the presence of regenerated starting material by the Saknguchi test

Reductive cleavage with sodium borohydride might also be 

considered as a means of recovering the guanidine, as this has been

109

tried in the barbiturates.
110
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0

0
0 \\

II 
0
0 \v

OEt

OMe 

OMe

OMe 

OMe

LXIII 
R0e

\

IN—\ >v-oo 2MNaOH,

NH 'b

0

TFA

Jome guanidine after 30 min. Complete hydrolysis- takes several days at

.vr.

;ition to unidentified products.
Fig.3.15

Obviously, to increase the susceptibility of the pyrimidinone

carboxyl to nucleophilic attack it would be desirable to place eloctron- 

v;i thdrawing substi tuents on the 5-position. To examine whether such a 

product would form smoothly we reacted the readily available 

2-phenyIdiethyImalonate with our model guanidine. '.;e were of course 

assuming this would give another aromatic pyrimidinediol structure, but

n 112
the availability of C data on 5-phenyIbarbituric acid enabled us 

to check this assumption, or at least to establish to our satisfaction 

that bonds C(5) 0(4) 0(4) are in the enolic form, (Fig. 3.16), by 

analogy. (The compound A, having oxygen at C(2) is biased towards the 

keto form, as evidenced by these authors X-ray structure, whereas 

compound L/.XVI, being an 2-imino compound, might be expected to be biased 

towards the two forms shown in the diagram) .



H

V V HK I I
NH

= 55-1ppm

C=9(Kppm
LXXVI

= 92-8ppm

Fig.3.16
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The 5,5-diphenyl derivative LilXVII is thus the material really 

required, and we attempted to prepare it as set out in the diagram (Fig. 

3.17), but the only material that could be isolated was that resulting 

from loss of one of the carboxylate groups. Perhaps this is catalysed 

by a small amount of hydroxide ion present in the reaction. The same

Ph

Hg.3.17
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problem arose with the fluorenyl compound LXXXIII, which also failed to 

form (Fig. 3.13), instead giving the fluorenyIcarbonyl compound LXXXIV. 

It could be that steric crowding around the 5-position is partly 

responsible for the facility with which the carboxylate function is lost» 

despite heating the reaction only briefly.

Ph

LXXXIV

There are a number of other possibilities for modifying D'^I at the 

2-position; we prepared tetraethoxycarbonylmethane, but could not 

obtain any simple derivative from its reaction with the model guanidine. 

',/e considered dinitrodiethyImalonate, access to which has been described 

quite recently> but which appeared rather hazardous.

Finally we decided to prepare 2,2-dif luorodiethy Ima lona te LXXXV 

and 2,2-dichlorodimethy Imalonate I.XXXVII, as set out in the diagram (Fig. 

3.19), and react them in turn with the model. Preparation of LXXXV from 

[);•'.! 1 proceeded smoothly to give a material essentially free of other 

fluorinated by-products. Introduction of the first halogen atom was 

essentially instantaneous, but the second step proceeded rather more
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0

OEt

0 LXXXV

0
OMe 
OMe

0 LXXXVII

carried out in a round-about manner. Reaction of the model guanidine 

with l.".::"V gave a reasonable yield of 2-(2-phenylethylamino)-5,5- 

difluoropyrimidin-4,6-dione L"\'"IVIIIf but when an attempt to 

recrystallise the latter from ethanol was made, the ring was opened to 

give ii-(ethyl-2,2-difluoromalony 1)-N -phenylethyIguanidine , IXC (Fig. 

3.20). As this material was also formed when L?'.:-":VIII was allowed to

0
l\cn
0

0
IIc\^-
II
0

slowly.

DEt FC10 3

3E|. NaOEt 10-15°

•OH NaOCl———— >
-OH NaOH

Preparation of L ,

0
H\/^
/\^

r //

0

0
cl \/L^-
C I n

0

-Vll caused

~

OEt

OEt '

-

ONa CH2 N2
-ONa

Fig.3.19

more of a prob

0 H LXXXVIII

Fig.3.20
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stand for a few hours in ethanol, it would appear that the material is 

rather too prone to solvolysis. Nevertheless we examined the effect of 

various nucleophiles on it, and indeed with aqueous sodium hydroxide 

(2)1) the starting guanidine was released in only a few minutes, .\eaction 

with both hydroxylamine and methylamine gave, in addition, other 

unidentified materials after several hours.

lleaction of LXIII with LXXXVII gave not the 5,5-dichloropyrimid- 

ine derivative :;c, but instead N-(2-phenylethyl)-N -dichloroacetyIguani- 

dine, which parallels the behavior of the 2,2-diaryl compounds discussed 

above. This is particularly unfortunate as one could envisage 

deprotcction methods particular to the chloride such as the use of 

sulphur/nitrogen containing bidentate deprotecting groups ('7 ig. 3.21).

Fig.3.21

V general conclusion about this pyrimidine-type of bidentate 

protecting group can be made: on the positive side they are, as 

predicted, cleavable by nucleophiles. \dd'i tionally we did not seem to be 

troubled by the mixtures of &,<*> and o>,u> compounds, even with the

more stable 5, 5-tiialkylpyrimidine — diols, that bedevil workers trying 

to disubstitute with monof unctional reagents. The problem which has not 

been surmounted is how to obtain finer control of the lability of the 

derivatives; in passing from compounds L\VII through LXMIII to LXX.r/lI

we go in turn from complete stability, through resistance to hydrolysis



67.

to frailty. Perhaps one could combine contrary effects and prepare a 

malonate of less symmetry, but with intermediate electronic properties, 

such as 2-fluoro-2-ncthyldiethyImalonate. The work in this chapter really 

closes the door on monofunctional halo-acyl groups, but leaves some 

options open with respect to the bifunctional reagents.



C! 1 \PTJ \ 4. Preparation of some imidazole and guanidine containing 

tripeptides as potential angiotensin converting enzyme inhibitors.
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Preparation of some potential AC", inhibitors.

In searching for a potential inhibitor one is initially 

disinterested in specificity towards any particular dipeptidase, so 

the first synthetic targets will naturally be of minimum tolernble 

length, i.e. tripeptides. Basing our attempt at receptor-fitting on 

the requirements of the enzyme set out in the introduction, (in 

particular figure 6), we selected H His Phe Arg OH XCIX, as the 

initial target. This sequence places the imidazole and phenyl rings in 

close proximity (as in the natural substrate; --- Pro Phe His Leu OH), 

and maintains the imidazole ring in a position where it is likely to 

interact with the zinc atom. The substrate tolerence of ACE towards 

bulky, often N-containing residues at the C-terminal suggested the 

presence of a large pocket here, but a pocket known to be intolerant 

of negatively charged groups, (terminal diacids make very bad 

substrates). Hence a bulky basic group (Arg) seemed desirable. Retention 

of the C-terminal acid is mandatory, but there ought to be a great deal 

of flexibility at the N-terminus, at least with respect to size if not 

functionality.

Preparation of the tripeptide required protection of the basic 

side-chains, and we selected nitro-protection for the guanidine (despite 

its drawbacks it is still an acceptable .choice for small peptides), and 

it-benzyloxymethyl-protection for the imidazole. Anticipating a 

penultimate hydrogenolysis step to remove these two groups, it was 

reasonable to protect the carboxy-terminus by means of its benzyl 

ester, which group being readily removed under these conditions. The 

synthesis was then carried out in the manner set out in i; ig. 4.1.

The sequence -- His Phe Arg-- has been prepared previously, but 

in partially protected form, en route to a larger peptide; the methods
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of protection (II on Arg and 1"-Bzl on His) we now regard as completely 

superceded.

Phe Arg

H

rj f^ f\

O s-\ n

n o ***

l_i ——————

i i

Boc ' V

S v Boc —————

it Bom 
^ VI

vJri 1 1

TtBom 
s/ vii

viii

IX

i
r\\ i i i

iii————— ONSu H —————

N0 2
xX^ Ol 4

NO2 
';:— —— OBzl

NO2 
^ —— OBzl

NO2 
<*— —— OBzl

N02 
^— —— OBzl

.("ii i

nM

i), HNO , H SO^, (607.). ii), 0«5M NnOII, 3oc 2 0, (63?,). iii), 3zl OH, 

p-CU 3 C6 !I4S0 3 H, (707,). iv), NSuOH (32%). v), St-jN (737.). vi; vii), TF.\; 

Lt N,!IOLiT, UCCI, air (5270 ). viii), II ? , 107. Pd/C, (79%). ix), TFA (977.)

XCIX

Fig.4.1

(Boc)
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There were no notable difficulties with the above; at step iv 

(i'ig. 4.1.) the trichlorophenyl ester was prepared in addition to the 

N-hydroxysuccinimide ester, but was found to be less convenient at step 

v. The final product appeared to be homogeneous. The methodology was 

definitely superior, in this particular instance, to that using Bum- 

protection on the histidine, as described in chapter 1. Additionally it 

supplied us with an N-terminal-protected analogue at the penultimate stage;

Boc His Phe Arg OH XCVIII.

These tripeptides and the further examples below were difficult 

to handle, but characterisation was carried out by the normal methods; 

they were not large enough to merit amino-acid analysis- Melting points 

are quoted, but as the compounds described are acetate salts with water 

of crystallisation they are probably not of great value. High field 

n.m.r. spectra were obtained on all the deprotected products, so it 

was possible to assign each peak to a class of proton (e.g. 06CII) and 

in some cases to a specific residue. More detailed work is not required. 

Using the FAB technique enabled the molecular ion or its protonated 

form to be identified in the mass spectrum.

The extent to which intermediates were characterised depended on 

their novelty; familiar literature compounds have only a minimum of 

confirmntional data quoted, though the proton n.m.r. of every compound 

was in fact examined.

At this point we needed to establish that the compounds were

114
substrates of AC 1], and our biological collaborators used the method

115
originated by Cushman et al and well described later. A peptide, 

Uz Gly His Leu OH can be used as a surrogate of the natural substrate, 

and the rate of its hydrolysis by ACl] can be observed by measuring the 

spectroscopic absorption of the hippuric acid produced. In the
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_3 
presence of the test substance at concentrations between 10 and

10 H the percentage inhibition may be measured. This can be taken 

as a reasonable measure of competitive inhibition as the binding

constants of this tripeptide (Bz Gly His Leu, K = 2200 i-Lil), arc
m /

similar to those of angiotensin 1, bradykinin, and BPP (II Glu Lysja

Trp Ala Pro OH), and to the dipeptide products (which to some extent

116
themselves act as inhibitors). An additional factor of crucial

importance is that the rate of cleavage of angiotensin I by ACl r. is 

greatly enhanced by the presence of chloride ion, whereas that of 

bradykinin is enhanced to a much lesser degree. In general the greatest 

activation by chloride ion appears to occur with substrates that bind 

weakly to the enzyme. In fact the cleavage of strongly bound inhibitors 

such as BPP,. are actually inhibited by chloride ion. It has been5a 117
shown that chloride induces a conformational change in AC/;. The assays 

uere therefore repeated in the absence of chloride, where cleavage of 

the surrogate tripeptides proceeds at a much lower rate ( 10 fold 

drop). The reason for this particular interest in chloride ion is that 

in the kidney its concentration is very low, so one might envisage 

selective hydrolysis of bradykinin versus angiotensin I, and a 

consequent hypotensive effect occurring in vivo.

A separate experiment was performed to establish whether the 

test substances were themselves substrates of the enzyme, and this was 

confirmed.

The figures for H His The Are OH show an inhibition of 10^ at a

concentration of 10" j], and in the presence of chloride ion 21% at 

10" J II. Thus there is a drop in selectivity towards the normal 

substrate as the rates are enhanced. (Bz Gly His Leu OH itself is 

known to show a 1300/. increase in its rate of hydrolysis in the
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presence of chloride). The corresponding figures for Boc His Phe Arg OH,

-4 -5 
XCVIII, were 357. at 5 X 10 M. (117. at 10 M with chloride). This

level of activity is poor, and compares with the very modest

,-4
inhibitory powers of, say, succinyl proline, with IC,- n of 3*3 X 10 M.

A powerful inhibitor such as captopril has an of 2 X 10
-8

-8 -9 
(variously reported 3*4 X 10 to 2*9 X 10 M), under similar

1(^
conditions in the presence of chloride.

The comparable activities of XCVIII and XCIX agree with the 

assumption that there is great steric tolerence at the II- terminal.

Given that ,.CIX is a substrate, the next logical step was to 

modify it so it could not be easily hydrolysed between the histidyl 

and phenylalanyl residues, but not so much as to disturb the general 

shape excessively. Introduction of a methyl group on the amide nitrogen, 

hindering the approach of nucleophi les and strengthening the bond, was 

proposed.

The modified amino-acids of this type have been prepared by

1183enoiton (In the course of work wherein he refuted the supposed 

stability of N -methylated amino-acids to racemization) . Our initial
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attempt to prepare Doc He I'he 0!I using commercial Boc The OH met wi th 

complete failure. Closer inspection of the literature showed that the 

above author had met with similar difficulties. Repetition of the 

reaction with freshly prepared and carefully dried reagent however gave 

a respectable yield of the required material (Fig. 4.2). Synthesis of 

the tripeptide 11 Mis lie Phe Arg Oil, GUI, then proceeded in a 

satisfactory manner using the methodology previously described, and set 

out in the diagram (Fig. 4.3).

Phe

FigA.3

H

O */-,

D y\ j~t

M

H ,

i
D y\ /•*

Me
D j-v ^ ̂ ^

Me 
s pnp^^iii

TlBom Me 
/ ON ll/ iv

TtBom Me 
/ / v

Me 
/vi

Me 
^^vi i

01 1

A
.. <">! 1<JI 1

^M_l 1 1

DCHA

•

rg

N0 2 
^- ——— OBzl

NO2 
^— —— OBzl

NO2 
^— —— OBzl

NO2 
^— —— OBzl

Ol 1

,.,, ,,. .. ,..r\\ i

i). As previously. ii). NaH, flel, THF, (657.). iii). HOBT, UCCI, IJMF,

(797.), iv). TFA, (997.). v). HOBT, IJCGI, H1F, (537.). vi). H ? , 107. Pd/C,

AcOH, (757.). vii). TFA; /\mberlite IilA 45 (OAc), 71,'L).
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Fig.4.3

The product did not show, unfortunately, any inhibitory effect 

against AC LI at a useful concentration of 10 11. The assay procedure 

was then repeated without the normal pre-incubation with the standard 

peptide, in the presence of chloride, and examined using /-GiJ derived

from two different sources, the rat and the dog. The figures of 137.
-4 -4 

at 10 il and 4/0 at 10 M respectively were still too low to be of

interwst. Clearly the enzymeisintolerent of steric interference about 

the site of scission.

l.'e next set about lengthening the whole molecule in the hope of 

bringing the imidazole moiety in closer proximity to the zinc. This can

be achieved by homologation of the phenylalanine. In doing this the pK

04
of the phenylalanyl-N is reduced and trie position of the side-chain is

altered, but we hoped neither of these changes would be to the 

detriment of the binding. Ilomologation of phenylalanine was carried out 

by the .'.rndt-^istcrt procedure; it has been known for some time that 

the V.'olff rearrangement of diazoketones with a chiral centre adjacent 

to the carbonyl group proceeds without appreciable racemization (l''ig. 

4.4).
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PhC02 Ag /

The required diazolcetone, CIV crystallised from hexane in rood 

yield, and appeared to be quite homogeneous. However the melting point

119was 30 C higher than that of the literature, by which we could only 

conclude that the material previously reported was contaminated, 

ilecently this has been investigated more thoroughly and an explanation 

has been advanced that the materials were contaminated with their

120corresponding methyl esters. A peculiar water/diazomethane adduct (Fig- 

4.5) has been suggested as the mechanism by which this forms; 

whatever the explanation we encountered no problems when using 

carefully dried diazomethane. The Uolff rearrangement proceeded

Fig.4.5

smoothly, using a little freshly prepared silver benzoate in 

triethylamine as a catalyst, to give the protected |3-homoamino-acid 

CVI. This was converted to its l!-hydroxysuccinimide active ester and
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incorporated into the synthesis of tripeptide C'.I by the previously 

described methodology (Fig. 4.6).

Phe

Arg

Boc-

Boc-

Boc-

H-

g.4.6

H

LXJU- ——————

i i

D fi *^

S j v

TtBom 
/ v

Ul 1 H

TtBom 
X^ v '

v i i

viii

—————— v-/n

Phe —OH H —————

————— ONSu H ————

N02

N0 2 
^— ———

N02

NO,

NO,

-OH

-OBzl

-OBzl

-OBzl

-OBzl

-OH

-OH

i) As previously, ii). StOCOCl, CHN 2 ; PhC0 2 Ag, MeOII; HO, OH, (707.; 527.; 

737.). iii). NSuOH, DCCI, (437.). iv). Et.N, dioxan, (947.). v) . TFA, (997.) 

vi). XCI, HOBT, DMF, (787.). vii). 107. Pd/C, 807. AcOII. viii). TFA; 

/Vnberlite IRA 45 (OAc), (527., vii inc.).
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The product* II His /3 Ho-Phe Arg OH CXI, showed the highest 

activity of any of the compounds tested, with 117. inhibition at 10 11

(rat) and T'L at 10 M (dog), chloride present* The corresponding

-4 -4 
figures without pre-incubation being 497, at 10 (\ and 397. at 10 II

respectively. This is however still below a level meriting further 

investigation, which is rather a pity as the precedent, work replacing 

i.'he and Pro in bradykinin by their corresponding /3-amino-acid

121
analogues, had shown some (but not all) natural enzyme systems can be 

inhibited in this way.

'i.ork on the action of angiotensin II on its receptor, whereby 

the phenylalanine at position iC( was replaced by cyclohexylalanine had

12Z
shown some interesting results: in that work it appeared that the 

cyclohexyl ring might have been able to partially mimic the aromatic 

ring of phenylalanine, but once the receptor had been occupied, the 

peptide no longer acted as an agonist. We reasoned that a cyclohexyl 

analogue of XCIX might perhaps still bind to AG"^» but sufficiently 

distort its structure to prevent hydrolysis or fragment release. 

Cyclohexylalanine v?as available prepared by exhaustive hydrogenation

123of phenylalanine. It was incorporated routinely into the required 

tripeptide il His Cha \rg Oil C!;V (Tig. 4,7). This procedure was 

thought preferable to deliberate "over-reduction" of XCVII, which is a

124
comparatively slow process in similar examples.

-6 
'['he level of ,'.f; •; inhibition was low; G;0 at 10 11 (rat). 3i. at

10" ii (dog) (without pre-incubation ll', 0 at 10 ,1 and 13% at 10~^ U 

respectively) •
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Cha

Boc-

Boc-

Boc-

H-

H

n ^^

s i i
R r»n

TtBom 
^/ i i i-^ Ol 1 ' 'UH 1 1

TtBom
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N02 
^^^ ORT i

NO2 
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——————— DM

i), 1:1 ::ao:u DOC^O, (3?;), u), ,:t ;;, u;ci, noar, mir (6cr), ill; iv),

fl'A; ~ty.; , JC01, liODT (74"'J. v; vi), H , 107. Td/C, Tr/v, (42:.).

cxv

The final variant involving modification of the phenyIn 1 a nine 

noicty \:ns that with the /3 C1I removed; there v:as a possibility that
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the aromatic ring \;ns being pushed too hard into the poclcet receiving 

it. ,'jtouting the preparation of the tripeptide from 1), L-phonylglycine 

i:'ncdi.-i tcly gave a mixture of diastereoisomers after the first coupling, 

which could not be separated at this stage, or subsequently. Despite a 

poor yield follov?ing chromatography at one stage (Fig.4.8. iv), it

Boc-

BOC:

BOC:

H:

BOC-

His
Boc- i i

TtBom

-OH H:
i ! i

TCBom
IV

VI

-OH

-OH H-

Arg

NO,

-OBzl

NO-

•OBzl

:OBzl

:OH

i), i;j KaOII, 'k>c 0 (99;;). ii), -t N', '.I03T, iiCCl, (32?L)- iii; iv),rr\;

-:t 3 ;:, MOJJT, :JG-:I, (95:.). v), H , 10;; rd/c, (92::). vi), TI\V (76-;).

cxx

Fig.4.8
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appeared the diastcreoisomers were present in equal amount, here and 

to the end of the synthesis. In the n.in.r. spectrum of the final 

product, histidy Ipheny Ig lycylarginine, G.'.-L, several pairs of 

chemically (but not stereochemically) equivalent protons signals 

were easily distinguished (e.g. Im 2; 8*82 and 3*90&)•

'>y the time of synthesising c:'X the attention of our collaborators 

had been drawn to a second enzyme, renal cndopeptidase (,'.i.r), discussed 

bolov;; the supply of compound was therefore diverted to this use and 

not tested for AC., inhibition. The data relating to K T is given in 

the table below ( T ig. 4.12).

As the point of scission in the tripeptides is between His and 

Ihe, modification of the histidine moiety was a reasonable next step. 

Removal of the 11-terminal amine function would indicate whether this 

has any influence on binding versus ,>CI.;;. The first target was then 

dcs-amino-his tidy Ipheny lalany larginine, f^>i!II- The commercial 

availability of urocanic acid made the synthesis particularly short 

and economical (Fig. 4.9)

The conditions of the penultimate hydrogenolysis step common to

all the tripeptide syntheses also hydrogenated the double-bond in the

Phe Arg

Fig.4.9

u ro in f , f\

i i

i i i

i v

*

("M 1 1 1

NO2 
^— —— OBzl

N02 
^- ——— OBzl

NO2 

^— —— OBzl

————— m i

i), ii) As previously, iii), IIUBT, UCCI, iJHF (-0;o ) iv), 10:. Pd/C
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urocanyl-peptide and Left a des-amino-histidy I pcptide (Tig. A.10).

The product, C'"\II, was however less active than the parent
-4 

tripeptide XCI"., with 14'4 inhibition of AC'', at 10 M (rat).

<x

Our final attempt at preparing a histidine variant on the 

tripeptide, reported here, is that of /3-homohistidyIphenylalany1- 

arginine. Of the homologucs of histidine, ot-homohistidine is known and 

has been used in pharmaceutical research before, but /3-homohistidine, 

where the additional methylene group is inserted in the side-ch.iin, is 

not, and v.'ould be of general interest. Conventional attempts at 

homologation (e.g. reduction to the alcohol, displacement of a 

tosylate by cyanide etc) in this laboratory had failed. Gtartin- with
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the previously described protected histidine derivative Z His (Ti Oui.i) 

O'l, "I an attempt was made to prepare the corresponding dinzokctone by 

analogy with the preparation of CIV- However none of the desired 

material could be obtained; a small quantity of a material which 

appeared to be a methoxy-methyIke tone was obtained, and there was some 

mass-spectroscopic evidence that the chloromethy1 ketonc was present.
•

Classically, preparation of amino-acid-derived diazokctones is

oc
carried out on \l -phthaloyla ted derivatives so that there are no

positions available for side-reactions to occur, such as methylation.
Qj "IT

The preparation of such a compound, N -phthaloyl-il -benzy loxyrne thy 1- 

histidine, 'vXXIV has been described in chapter 1, and an attempt was 

made to prepare the diazoketone from it, again via activation of the 

acid using ethyl chloroformate. Unfortunately no diazoketone was 

isolated, only a little ethyl ester presumably derived from the 

breakdown of the mixed anhydride (Fig. 4.11). It was not then possible 

to proceed to the •.•Jo Iff rearrangement.

The synthesis was abandoned by us at this st^ge, but one could 

envisage alternatives, for example the reaction of trialkyIsilyIdiazo- 

methane with acid chlorides, followed by reaction with alcohol, has

. 125
been introduced as a new type of .irndt-Eistert reaction.

Our collaborators had taken an interest in ,;enal I'.ndopeptidase 

(endopeptidase 24.11) which is an cctoenzyme capable of hydrolysing 

regulating peptides at the surface of many different cell types. 

Although it is located in the intestine, lymph nodes, salivary glands, 

spinal cortex, corpus striatium etc, it was felt to be worthwhile 

interfering in its action as its level of activity at these sites is

126
only around 17, of its activity in the renal cortex. Isolation of the 

enzyme has enabled an assay to be prepared, using iiz Gly The Arg 0'!
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as the standard substrate. The results are presented in the table 

(Fig. 4.12).

A useful level of activity is an inhibition with the concentration

in -" -10 the region of 5 ^ 10 ;i — 10 Ii, and it c.m be seen that none

of the substances tested would have an activity at this level, and are 

not suitable for further investigation.

% Inhibition arpinst Inhibi tion va t.liout

14 at 10 M

(G at 10" 5 II without Cl"

pre-incuba tion.

Fig.4.12 /...
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"CVIII

cm

63 at 5 X 10~ 4 11

(1 at 10" II without Cl")

(ic 50 2-5 ••;

0 at IO
" 6

0 at IO" 6 li

0 at IO" 6 11 

87 at 10~ 4 il 

(IC50 1-5 X IO" 5 )

0 at 10" M

0 at 10

15 at 10

0 at 10

~ 4

-4

5 at 10 ,1

Fig.4.12

LoneLusion.

Overall the biologic.'1 ! results presented in this chapter, though 

occasionally inforinative» show a level of activity below that at which 

further modification of the basic structure could be considered 

v:or thwhi Ic« \li th hindsight one might have been more conservative in 

the choice of C-terminal residue:- perhaps using tryptophan or proline 

(though the latter has been to a great degree "worked out"). However 

from the standpoint of chemical synthesis and the further 

exemplification of histidine protection the preparations described are
*

quite satisfactory.
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A?F,\VtTU3 . ?!'.; ;i-\T . -l\L'.~.

:i::iTr:fJ POIHTJ. Measurements were taken using a KofLer block hot 

stage, and are uncorrected.

I:.''"l\ i>", M . Spectra were recorded on a Perkin-^.lmer 257 instrument^ 

4000-600 cm"1.

OPTIC'/ UT^THJ']. Measurements were taken using an Optical \ctivity

.\\-100 automatic polarirneter.

i\.\i-r~ T'"'.Gr.v'L.. m/z measurements were carried out by Ur il. Aplin and

his staff on a V.G- llicromass 16i' or 3QV

C.c.li.;j. Analysis was performed using a Perkin- !r,lmer-,'igma 33
•

using 2m X 4mm column, 3", UV-17 at 100 C.

MJGU.-\!\ il.'.GM-vnc n'^i'sV/uC-".. Proton spectra were recorded on a Jrucker

V.II300 instrument. Meteronuclear spectra v;ere recorded using a iiriicker

.'J1250 instrument. Proton spectra recorded using a !Ii tachi-rerkin-'Umer

il24l5 operating at GOUIiz were adequate for a few of the simpler

compounds.

-',L"',:i r:'.;r'.L ".n'.LYSIo. The majority were carried out in the laboratory,

but we also acknowledge the assistance of the analysis department of the

University of Manchester.

GlI.lOII.'Ti-'ni'vAPIIY. Tlash chromatography was performed on Mcrck

Xieselgel 601. Gentrifugally accelerated chromatography was performed on

a Harrison .Research Ghromatotron, in u.v. transparent solvents under an

inert atmosphere. Gel permeation chromatography was carried out using

rharmocea Scpliadex materials on gravity-fed columns; detection was by

means of ultra violet absorption and optical rotation measurements.

/vnnly tical chroma tography was carried out using !ierc!c silica gel 

coated plastic or aluminium sheet, using the following eluents:-
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!I:E llexane/ ithcr, ratio given

A3 nBuOM/AcOII/II 0 4:1:1

'11 C!ICl-/MeOI!/AcOH 7:1:1

^l ryridinc/nl3uO!!/H 0 7:7:6

Cl C!ICl 3 /lieOIl/380 Nil 2:2:1

P2 Cl!Cl 3 /:ieO[|/,\cOH 10:2:1

^-> C!!Cl-/McU:i 4:1

r^ CilCL /ricOH 9:1

..ctcction of norinal compounds was by u.v. absorption, iodine, 5''0 

sulphuric acid in cthanol or 1'; dodecamolybdophosphoric acid in 

acetone, as appropriate, detection of peptides was by 2, 0 ninhydrin in 

eth.Tiol» jakaguchi reagents and r>iuli reagents, depending on the 

nature of protecting groups.

Hexane, Ilethanol, Tetrol and Water were distilled-

\cetic icid, .\cetic anhydride, \cetaldehyde and

1ormamide were of analytical grade.

.,-imc tliy 1 f orma.iiide was distilled under vacuum from calcium hydride.

Tetrahydrofuran v,ns distilled from sodium and benzophenone.
•

iJenzene, lloxan mid Ether were dried over sodium. 

Trie thyiamine was distilled from phenylisocyanate. 

Cthanol was absolute as supplied by Burroughs Ltd. 

Constant boiling !!Cl was of "Aristar" grade. 

Other solvents were of general laboratory grade.



C'l'PT'"-'. 5. Preparation of reagents of the general class IlOCI^Cl and 

their reaction with histidine derivatives.
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t-UutoxymethyIthiomethyL ether. IV.

Initial procedure. t-Butanol (50 ml, 520 mmol), dimethyl sulphoxide 

(300 ml) and acetic anhydride (200 ml) were mixed and allowed to stand 

at R.T. during 150 h. The mixture was poured into a saturated solution 

of sodium hydrogen carbonate (500 ml), and stirred until effervescence 

ceased, adding further solid sodium hydrogen carbonate in portions as 

required. The solution was extracted with ether (1 1), and the resulting 

solution was dried (MgSO ) and evaporated to an oil. This consisted of 

two compounds; the required material Rf (H:E, 2:1) 0-60, and a 

contaminant which proved to be difficult to remove by chromatography, 

acetoxymethylthiomethyl etherV. The latter was characterized by
A r\rj

refractive index measurement n = 1'4546 (lit.1'4540) and by the 

following additional spectroscopic data;)^^. (CHCl.,) 1740 cm , o 

(CDC1 3 ) 1'8 (3H, s, CH 3CO), 2-0 (3H, s, SCH3 >,. 4-9 (2H, s, CH2 ), 

&c (CDC1 3 ), 15-25 (q * s, CH 3 CO), 20-83 (q * s, O^S), 68-00 (t * s, 

CH_), 170-4 (s, CO). Accordingly the method was adapted as follows. 

Final procedure. Following addition of the solid sodium hydrogen 

carbonate, sodium hydroxide (40 g, 1 mol) and ether (1 1) were added 

and the whole mixture stirred overnight to remove the acetoxymethyIthio" 

methyl ether by hydrolysis. The diethyl ether layer was decanted and 

the aqueous phase was extracted with more ether (1 1). The combined 

ethereal extracts were dried and concentrated to a colourless oil 

which comprised two components by t.l.c. Rf (H:E, 2:1) 0*2 & 0-6.

Flash chromatography (500 ml SiO eluted with H:E, 10 : 1 ) gave

oessentially pure title compound (32'1 g, 46 7. ) Rf 0-6, b.p. 126-128 c

760 mmHg, S „ (CDC1-) 1'26 (9H, s, Bu t ), 2-19 (3H, s, CH,), 4-51 (2H, H -> J
s, CH 2 ) Found: C, 53-3; H, 10-9. C H^OS requires C, 53-7; H, 10-4 7..
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The material of R£ 0*2 isolated from the flash chroma tography stage of 

the above preparation was distilled under reduced pressure to give pure 

ethylthiomethanol.VI. b. p. 41° C/13 mmHg, 149-51 C /I bar. n22= 1*4928,

Xw«r 3360 » 2920 » 1435 » 1300 > 1020 » "° c1"" 1 * £ H (D6 DMSO) 2*12 (3 

H, s, CH3 ), 4*56 (2H, J= 7*5 Hz, CH2 >, 5*62 (1H, t, J= 7*5 Hz, OH),

6 (CDC1_), 13*5 (q -» s, CH ), 67*5 (t •» s, CH_), m/z (NH. C.I- 200°C), 
\* j 3 / ' j

108 (46 7., unknown), 78(M+ , 42), 61 (CH 3SCH2 +, 100 7.). Found: C, 30*8; 

H, 7*7; C2 H6OS requires: C, 30*8; H, 7*7 7. .

t-Butylchloromethyl ether (BumCl).II.

The compound is unstable to water and traces of acid, and it was prepared 

to requirements. t-Butoxymethy 1 thiomethyl ether (1*5 g, 11 mmol) was 

dissolved in dichloromethane (50 ml) and sulphuryl chloride (2g, excess) 

in dichloromethane (10 ml) was added slowly dropwise. The solution was 

gently swirled over 10 min, occasionally venting the evolved gas es. 

Evaporation over a cool (15 C) water bath gave essentially pure title 

compound as a pale yellow oil which was redissolved in a little dichloro­

methane before use (ca. 90 7. due to slight volatility); 6 H (CDClj) 1*26

r 47 
(9H, s, (CH3 ) 3 ), 5*55 (2H, s, CH2 >. (lit. O H (CCl^) 1'25, 5*60).

t-Butoxyme thy limidazole. Ill •

A solution of t-butylchloromethyl ether (excess) in carbon 

tetrachloride (50 ml) was added to imidazole (13*6g, 200 mmol) in 

acetonitrile (200 ml), and the mixture was heated under reflux during 

6h. Evaporation of the solvent and excess reagent gave an oily residue 

which was dissolved in dichloromethane (200 ml), washed with water 

(5x100 ml) and dried (Na SO ). Following evaporation of the solvent, the
Z. M1

o 
residue was distilled bulb-to-bulb using a Kugelrb'hr apparatus (50-60 G;
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0-01 mmllg) to give the title compound as a clear oil(9*7 g, 3170 ).

4- + 
m/z 155 (MH ) 154 (M )

N -BenzyloxycarbonyIhistidine methyl ester.VII.

This compound was prepared by the optimized though still laborious 

procedure of Rathbone via the bis-benzyloxycarbony1 derivative. Histidine 

methyl ester dihydrochloride (100 g, 410 mmol) was suspended in chloroform 

(200 ml) and triethylamine (57 ml, 410 mmol) was added with cooling. 

BenzyIchloroformate (120 ml, 840 mmol) and more triethylamine (115 ml,

825 mmol) were added in alternate small portions, keeping the halide in

o 
slight excess. The mixture was stirred at 0 C during 10 min, more

chloroform was added to give a homogeneous solution which was stirred 

for a further 40 min. The solution was diluted with chloroform (1 1)

and washed with water (4 1), dried, and the residue after removal of the 

solvent taken up in a minimum of methanol. This solution (of the bis-Z 

compound) was treated with ammonia (0'880; 200 ml) over 30 min at R-T- 

The solution was extracted with dichloromethane (2 1) which was in turn 

extracted with HGl (1M; 4'5 1). The aqueous phase was basified with 

sodium carbonate and extracted with dichloromethane. The latter organic

phase was dried (Na SO ) and evaporated to a green oil. Trituration with

o
petrol (30-40 ) gave the required compound (56 g) as a white solid. The

analytical data were consistent with previous samples prepared in this 

laboratory.

N -Benzyloxycarbonyl-N -t-butoxycarbony1 histidine methyl ester.VIII.

N -Bcnzyloxycarbonyl histidine methyl ester (60*66 g, 0'20 mol) was

o
dissolved in methanol (150 ml) and the solution was cooled to -5 C. A

solution of di-t-butyl dicarbonate (45-83 g, 0'21 mol) in methanol (80
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ml) was added dropwise over 40 min. to the vigorously stirred solution. 

After Ih. at 0 G the mixture was allowed to attain RT overnight. The 

solvent was removed and replaced by dichloromethane (600 ml) washed

with water (3x200 ml) and citric acid (3x200 ml) and dried (Na JO ).
2 4

Evaporation of the solvent gave the title compound as a pale yellow

syrup (75-69 g, 947.) Rf (£4) 0«7 (+ other material x 10%), (oc) 18 =

+20-4° (c=2'll, CC1 4 ), ^(CUdy 200 MHz) 1'59 (9H, s, OC(CH 3 ) 3 ),

3*01-3'21 (2H, m,/3CH2 ), 3'72 (3H, s, OCH3 ), 4'60-4'69 (IH, m, o6GH),

5-11 (211, s, PhC!! 2 ), 6*17 (IH, d, Nil), 7;13 (111, s, 1m 4), 7«33 (511, m,

Ph), 7-95 (IH,' s, 1m 2), m/z 404 (2, MH+ ) , 347 (16) 304 (26) 57 (1007.)

IJ - Bonzyloxycarbony1-N -t-butoxymethyIhistidine methyl ester. A.

A solution of t-butylchloromethy1 ether (excess) in carbon 

tetrachloride was added dropwise to a stirred solution of

N -benzyloxycarbonyl-N -t-butoxycarbonyl histidine methyl ester (60*51g,
o

0'15 mol) in dichloromethane (200 ml) maintained at 4 C under an

atmosphere of argon. The addition was stopped when the starting material 

had been consumed (t.l.c.; 3-5 h.). The solution was then diluted with 

dichloromethane (400 ml) and extracted with citric acid (10?;; 6x 300 ml), 

the pll of the combined acid extracts was adjusted to 6 by addition of 

Na CO , and the resulting aqueous solution was extracted with diethyl 

ether (6x300 ml). The combined ethereal extracts were dried (Na SO ), 

filtered, and evaporated to give the title compound as a hygroscopic
1 R

oil (38-7 g, 667.) which could not be solidified. Rf (r,4) 0-52, (oc) Q = 

-23-1° (c = 1*06 methanol), S H (CDC1 3 ), 1*25 and 1'33 (911, 2Xs, OC (CH3 )

), 3-07-3-25 (211, m,/3CII 2 ), 3'75 (311, s, OCtLj), 4'61-9 (111, m,o6Cll), 

5«07 (2H, s, PhCH ), 5-21 and 5-29 (211, 2Xs, UCI^O), 5-70 (IH, d, Nil), 

6»«2 (IH, s, Irn 4), 7-33 (5H, m, Ph), 7'51 (IH, s, Im 2). m/z 390
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(Mil4 , 11'.;), 389 (M"h , 12), 330 (12) 238 (27), 91 (100).

N -Benzyloxycarbonyl-N frbutoxymethyIhistidine. XI.

The preceding methyl ester (46*73 g, 0'12 mol) was dissolved in methanol 

(100 ml) and the solution was placed in a vessel equipped with a pH 

monitor. Sodium hydroxide (1M; 120 ml) was added dropwise with stirring 

such that the "pH" never exceeded a value of 11'8. After 40 min at MT 

hydrolysis was complete and the "p!I" of the solution was adjusted to 6 

by addition of 1M HCl. Following evaporation of the methanol, sodium 

chloride (30 g) was added to the aqueous solution which was then 

extracted with chloroform (6x200 ml). The combined organic extracts 

(during some preparations the product separated at this time as a solid, 

which was collected by filtration) were dried over Na 30 , filtered, and 

concentrated. The acid separated as a white solid, which was collected 

by filtration. This material was dissolved in a large volume of hot

methanol and precipitated by addition of a few drops of water. After

ostanding overnight at -20 C, the voluminous white solid was filtered,

washed with ether and dried in vacuo to give the title compound (37*5 g, 

837J. uf (A3) 0'43, m.p. l86-7°C (<*)* = -10*7° (c=l, acetic acid).

Further analytical data is given along with the alternative method of 

preparation detailed below-

N -Benzyloxycarbonyl-N -triphenylmethylhistidine methyl ester. XIII. 

N -BenzyloxycarbonyIhistidine methyl ester (5*05 g, 16*7 mmol) was 

suspended in a solution of triphenyImethyl chloride (5*10 g, 18-3 mmol) 

in dry benzene (50 ml). Triethylamine (approx 3 ml) was added, and the 

solution was heated under refluxing conditions during 2 h. After cooling 

the precipitated triethylammonium chloride was removed by filtration.
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Removal of the bulk of the solvent, followed by addition of a mixture of 

ether and hexane and further evaporation gave a crystalline solid which 

was washed liberally with dry ether and dried in vacuum to give the 

required compound (9'1 g, 71 7.) R£ (E3) 0'80, m.p. 135-137 G (lit. 58-63 C),

cm" 1 , BCUCl 3-05 (2H, bd, 3 CH>, 3-63 (3H, s,

OCH 3 ), 4-61 (1H, m, OCCll), 5*12 (2H, s, C0 2 CH2 ), 6-36 (1H, bd, NH), 6'56 

(1H, s, Im5), 7-0-4 (2111, m, Ar & Im2), m/z (+ ve Ar FAB) 546 (MH+ 2 7.) , 

243 (100), 165 (27) (U-) ̂  + 17-2 (c = 0-5 CIIC1 3 ).

cx; it TN -Benzy loxycarbonyl-N -t- butoxymethyl-N - triphenylmethy Ihistidinium

chloride methyl ester. XIV.

oc fN -Benzy loxycarbonyl-tf -triphenylmethy Ihistidine methyl ester (5*45 g,

10 mmol) was dissolved in dichloromethane (20 ml) and a solution of t- 

butoxymethyl chloride in the same solvent (10 ml), prepared from 2 g of

BumSMe, was added slowly. The solution was stirred at R.T- during 12 h. 

After this time addition of a little (20 ml) ether resulted in the 

formation of a sticky yellow precipitate, which consisted of approximat­ 

ely 20 7. of the required compound and 80 7, of the starting material as 

hydrochloride. This solid was discarded. Addition of a large excess of 

ether to the remaining solution gave a white crystalline solid which was 

recrystallized from dichloromethane / li£ht petroleum to give the title 

compound (190 mg, 3 7.). However a repeat reaction using a total of 30 ml 

CH Cl ? and 30 ml ether gave an acceptable sample of the crude imidazoli-

um salt (5*25 g, 79 7.) which only required a single further crysta lliza-
o 28 o 

tion to analytical purity. Rf (E4) 0-25, m.p. 132-133 C, (cc) = -14-9

(c = 1'03, CHC1 3 ), 6 H(CDC1 3 ), 1-29 (9H, s, (CH.^), 3'28 (2H, m, /3CH 2 >, 

3-80 (3H, s, OCH 3 ), 4'66 (1H, m, OOCH), 5-09 (2H, s, C0 2 CH 2 ), 5-58 (2H, 

bs, NCH 2 ), 5-79 (1H, d, NH), 7-04 (2H, m, Ar), 7'16 (1H, s, Im5), 7-3
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(18H, m, Ar), 9-08 (1H, s, Im2), m/z 632 (M+ 100 7.), 390 (20), 243 (26), 

Found C, 69-7; H, 6-4; N, 6-1; Cl, 5-6. C^H^N^Cl requires C, 70-1; 

H, 6*3; N, 6-3; Cl, 5-3 7..

OC Tt N -Benzyloxycarbony1-N -t-butoxymethylhistidine . XI.

N -Benzyloxycarbony 1-tT -t-butoxymethyl-N -triphenylmethylhistidinium 

chloride methyl ester (330 mg, 0-5 mmol) and sodium carbonate (0-21 g, 

2 mmol) were dissolved in 50 7. aqueous methanol (20 ml). The solution 

was heated under reflux for 2 h, cooled, and the methanol removed by 

rotary evaporation. The remaining aqueous solution was quickly adjusted 

to pH5 with 5M HCl, and extracted with ethyl acetate (4x50 ml). The 

combined extracts were washed with water, dried (MgSO ) and evaporated 

to give the title compound as a white solid (155 mg, 84 7.) Kf (Rl) 0*35, 

p. 186-7°C, (OC) = -6-8 ( c = 1'405, acetic acid), 6 H (UMSO) 1-19 (9H,m

s, (CH ) ), 2'72-3'28 (2H, m,/3CH2 ), 4'33 (1H, m,OCCH), 5'00 (2H, s,

5-32 (2H, s, NC!1 2 ), 6-74 (1H, s, Im4), 7-33 (5H, s, Ph) , 7-61 (1H, d 

NH), 7-75 (1H, s, Im2). m/z 375 (M+), 376 (MH+ ) .

n -t-Butoxymethylhistidine . I .

N^-flenzyloxycarbonyl-N71- t-butoxymethylhistidine (15'02 g, 40 mmol) was 

dissolved in glacial acetic acid (120 ml) containing 107. palladium on 

charcoal (2'0 g), and a stream of hydrogen was passed through the 

reaction vessel while the mixture was stirred. After 3h. the reaction 

was complete (t.l.c.). The catalyst was removed by filtration and the 

solvent was evaporated to give a white foam. This was crystallized from 

water-acetone, filtered, and washed with dry acetone. After drying in 

vacuo over P 0 the title compound was obtained as white crystals 

(8-75 g, 917.). Uf (Cl) 0-59, m.p. 212-9°C (dec.), (<*) * = 3-7 (c=l,
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*
AcOH), £ (U2 0, 80 MH z ) 1*30 (9H, s, OC(CH 3 > 3 ), 3-00-3-54 (2H, m, 

/3CH 2 ), 4-01 (1H, q.OtCM), 5-45 (211, s, -Cl^O), 6'98 (HI, s, Im4), 7-85 

(1M, s, Im2). ^Canton Hospital. Milan.

N -Triphenylmethyl-N -triphenyImethyIhistidine methyl ester.XV.

The compound is mentioned in the literature without specific preparative

54 details or spectroscopic data. Histidine methyl ester dihydrochloride

(12-1 g, 50 mmol) was suspended in chloroform (100 ml) and solubilized 

by addition of excess triethylamine (27-9 g, 200 mmol). A solution of 

trityl chloride (27-9 g, 100 mmol) in chloroform (50 ml) was added and 

the reaction heated under reflux during 12 h. Upon cooling, the solution 

was washed with a large quantity of water to remove salts and evaporated 

to an oil. The oil was washed with ether to remove excess alkylating 

agent and purified by flash chromatography in ethyl acetate. Appropriate 

fractions were pooled and evaporated, and the resulting oil was crystall­ 

ized from methanol water. Trituration with water and drying in vacuo

o
gave the title compound (17-1 g, 53 7.). Rf (EtOAc) 0-50, m.p. 94-6 C,

on o f
(oc), u = + 11*4 (c = 2-845, methanol), &„ (CDCl.) 2-75 (1H, d, NH),

U H j

2-91 (2H, oc, /3 GIL), 3-08 (3H, s, OCH,), 6-68 (in, s , Im5), 7-30 (24H,
L 3

m, Ar), 7-38 (in, d, Im2), 7-45 (6H, m, Ar), m/z (FD) 676 (M Ua+), 

654 (MH+ ). (+ve Ar FAB) 654 (MH+1 7.), • 243 (100), 165 (24), Found C, 

82-9; H, 6-1; N, 6-1; C-cH-qN-O, requires C, 82-7; H, 6-0; N, 6-4%

N" -Triphenylmethyl-N -t-butoxymethy1-N -triphenyImethyIhistidinium 

chloride methyl ester. XVI.
OG *Y*

N -Triphenylmethyl-N -triphenyImethyIhistidine methyl ester (1-31 g, 2 

mmol) and ^_-butoxymethy 1 chloride (prepared from 2-2 mmol of BumSMe), 

were dissolved in 10 ml and 5 ml respectively of dry ether. The solutions
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were mixed and allowed to react for 2 h. After this time the bulk of the 

material crystallized out; and on the assumption that it was the required 

material it was washed with excess dry ether and dried under vacuum. 

Subsequent examination by t.l.c. and n.m.r. demonstrated the compound 

was the hydrochloride derivative of the starting material, with only a 

trace of the required material. The presence of the title compound was

indicated by mass spectrometry; m/z 740 (M+, 1 7.), 498 (7), 243 (100). 

The reaction was not pursued further.

'lesityImpthoxyacetic ncid. XXI.

Sodium hydride (50"; dispersion in oil, excess), was added to a solution 

of mesitylmethanol (5'0 g, 33 mmol) in dry benzene (100 ml). The mixture 

was stirred and heated under reflux during 2h. Chloroacetic acid (3*1 g, 

33 mmol) was added and the mixture heated for a further 5h. After 

cooling, the mixture was added to water (100 ml). The aqueous phase was 

separated, the benzene layer was extracted with sodium hydroxide (2M; 

2x50 ml) and the aqueous solutions were combined, extracted with ether

and acidified. Extraction with chloroform gave, after recrystallisation

o
from methanol/60-30 petrol, the required compound (3'71 g, 497.). m.p.

112-5°C Found: C, 68-8; 11,7-7; Gale, for C^H^O-j : C, 69*2; H, 1 •!";..
•

MesityImethoxymethylimidazole. XX111 .

The above acid (250 mg, 1*2 mmol) was dissolved in dry benzene (20 ml) 

and dry lithium chloride (51 mg, 1*2 mmol), lead tetraacetate (540 mg, 

1*2 mmol) and imidazole (245 mg, 3*6 mmol) were added. The mixture was 

flushed with dry nitrogen and then heated under reflux during 45 min. 

The solvent was evaporated and the residue was distributed between ether 

(20 ml) and sodium hydroxide solution (111; 20 ml). The aqueous layer
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was separated and extracted with ether. The etherial solutions combined 

and concentrated, and flash chromatography (37. MeOH/CMCl,) gave the

title compound (40 mg, 147,). This was recrystallised from light

o
petroleum at low temperature to give material of m.p. 63-4 C, Found C,

73'2; II, 7-7; N, 12*2; C^H^^O requires C, 73'0; H, 7-3; N, 12'27., 

m/z 231

Mesi ty Ime thoxyme thy 1 thiome thane. XXII.

Nesityl methanol (20 g, 133 mmol), prepared in three steps from mesityl- 

ene, was dissolved in a mixture of dimethyl sulphoxide (200 ml) and 

acetic anhydride (200 ml). The mixture was allowed to stand for 3 days 

at R.T= and was then poured carefully into saturated sodium carbonate 

solution (1 1). Solid sodium carbonate was added until effervescence 

ceased, and then in slight excess. The mixture was stirred during 2 h, 

and extracted into ether (2 1); evaporation of the solvent gave the 

crude material (60'8 g). An aliquot (3*0 g) was purified by flash chrom- 

atography in hexane ether (7:1) to give, after pooling and evaporation 

of appropriate fractions, the title compound as a mobile liquid (0*73 g;

53 %), Rf 0*40 (molyb.), 5 (CDCl,) 2*23 (3H, s, SCH_), 2-28 (3H, s, 
1 H -j J

p-CH ), 2-40 (6H, s, 0-CH ), 4-62 (2H, s, OO^S), 4'71 (2H, s, ArCh^O),

6*87 (2H, s, m-ArH), Found C, 68-5; H^ 8«9; C^H^OS requires C, 68-6;
o 

H, 8«57 7.. (Subsequent work in this laboratory; b.p. 112 C, 2mm Hg).

Mes ity Ime thoxyme thy 1 chloride (Tom Cl). XIX.

MesityImethoxymethy 1thiomethy 1 ether (2*1 g, 10 mmol), was dissolved in 

dry dichloromethane and cooled over an ice bath. Sulphuryl chloride (1*21 

ml, 15 mmol) diluted with dichloromethane (50 ml) was added slowly under 

nitrogen over a few minutes. The reaction appears to be essentially 

instantaneous as evidenced by the immediate colour change (yellow methyl
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chlorosulphide)• The use of t-l.c. is not appropriate with this compound, 

but the reaction appeared quantitative by low resolution n.m-r. (2*03 g,

90 7.). m.p. approx.30°C. (lit. 35-7°C) 6(CDCl,) 2'30 (3H, s, p-CH-),n j — j

2'AO (6H, s, £-CH 3 ), 4'85 (2H, s, ArCf^O), 5'60 (2H, s, OCH 2 C1), 6'90 

(211, s, ArH).

.06 71 fN-Benzyloxycarbony1-N -mesitylmethoxymethy1-N -triphenyImethyIhistidinium

chloride methyl ester. XXV.

Freshly prepared mesityImethoxymethyl chloride (11*9 g, 60 rnmol) was

dissolved in ether (70 ml) and the solution was added dropwise over 3h.

06 Tto a stirred solution of N -benzyloxycarbony1-N -triphenylmethylhistidine

methyl ester (27*3 g, 50 mmol) in ether (270 ml). The reaction mixture 

was stirred at room temperature during l8h. The white precipitate was 

removed by filtration and was washed with ether to give the title 

compound (30*5 g, 827,,) • On other occasions the product failed to

crystallize from the reaction mixture and this author and others were

oobliged to proceed with impure imidazolium salt- M.p. 110-118 c,

(c=l, CHC1 3 ). S H(C'JC1 3 ) 2-20 (6H, s, o-Cl^), 2-25 (3!!, s, 

p-CH ), 3'25 (2H, bm, /3CH2 ), 3'70 (3H, s, CC^CH-j), 4-60 (3H, m, OCCH & 

ArCH 9 0-), 5-00 (211, s, PhCH2 ). 5-70 (211, b m, NC^O-), 6-10 (IH.b d, 

NH), 6'80 (2H, s, Ar), 7-05 (111, s, Im4), 7-20 (2011, m, Ar), 9-50 (1H, 

b s, Im2). m/z 708 (M+ ) Found C, 72'35; H, 6-2; N, 5-6.

C, r l!.,N^O c Cl requires C, 72'6; H, 6-2; N, 5'65%. A5 A6 3 5

06 ft I YTK -Bcnzy loxycnrbony l.-M -mesi tylmethoxymethy 1 histidine. L Ai .

The preparation and characterization of this compound is discussed in 

chapter?
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M -Mesi ty Imethoxymethy Ihistidine.XXVII.

N -Benzyloxycarbonyl-N -mesityImethoxymethylhistidine (152 mg, 0'20 

mmol) was dissolved in aqueous acetic acid (807.; 15 ml) and 107. 

palladium on charcoal (15 mg) was added. Hydrogen gas was bubbled into 

the stirred reaction mixture for 20 min., after which t-l-c- indicated 

that reaction was complete. The catalyst was removed by filtration and 

the solvent was evaporated, yielding a white foam. This was crystallized

from hot water, yielding the hydrated amino acid as white crystals
o 90 o (75 mg, 707.), m.p. 193-205 (rapid heating), (oc)^ -8-75 (c=l, MeOH),

m/z 313 (HH+ ), Found: C, 63'5; H, 7'6; N, 12'5. C 17 H 2 3 N 3 <0 ' 3H 2° 

requires C, 63'3; II, 7'3; N13-07.

oc TC T N -TriphenyImethy1-N-mesityloxymethy1-M -triphenyImethyIhistidium chloride

methyl ester .X XVIII.

N -TriphenyImethyl-N -triphenyImethyIhistidine methyl ester (3'25 g, 5 

mmol) was dissolved in dry ether (20 ml), and a solution of Tom chloride 

(1*2 g, 6 mmol) in ether (5 ml) was slowly added with stirring. Ifter 15 

min. a sticky solid began to separate, and to avoid this complication 20 

ml of dichloromethane was added. The homogeneous solution was allowed to 

stand a further 12 h. at R.T- Addition of dry ether (100 ml) precipitated 

a solid (2'6 g) which was separated by decantation and washed several 

times with fresh ether. This material was shown to be of around 50 7. 

purity by n.m.r. (equiv. yield 35 7.). 6 (CDC1-, abstracted) 2'20 (6H, s, 

o-CH 3 ), 2-28 (3H, s, p-CH 3 ), 3'17 (2H, m, /3 CH 2 ), 3-27 (3H, s, OC!^), 

3'70 (1H, m, OCCH), 4-63 (2H, d of d, ArCH 2 ), 5*68 (2H, m, NCH 2 ), 6'85 

(2H, s, m-ArH on Tom), 6'91 (1H, s, Im5), 7-30 (30H, b.m, Ph), 8-10 (1 

H, s, Im2). Separation from the hydrochloride of the starting material 

was not practicable, and it was carried to the next stage without further
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characterization. On other occasions the title compound crystallized out 

separately, and full analytical details are given in chapter? .

N -Triphenylmethyl-N -mesityImethoxymethylhistidine methyl ester.XXIX. 

A sample of the imidazolium chloride described above, of approximately 

50 7. purity (850 mg) was dissolved in methanol (20 ml). A solution of 

sodium carbonate (0'53 g, excess) in water (20 ml) was added and the 

mixture was heated under reflux during 1 h. The more volatile solvent 

was removed by rotary evaporation, and the resulting solution was 

acidified to pH4 with hydrochloric acid. The resulting aqueous suspen­ 

sion was extracted with several 50 ml portions of ethyl acetate, and 

the combined organic extracts were washed with water, dried and evapor­ 

ated to an oil. Flash chromatography in 4 7. MeOH / CHCl_ gave a material

R 0-35 (the methyl ester). Pooling of appropriate fractions and evapor-

o 18 
ation gave a crystalline solid (125 mg, 38 %) mp. 67-9 C, (^Jp. = +

64-5° (C = 1-03, EtOAc). 6 U (CDCl,) 2'20 (6H, s, o-CH.), 2-28 (3H, s,
n J — -3

j>CH 3 ), 2'76 (1H, d, NH) 3-06 (3H, s, OCH3 ), 3'08 (2H, q of d, /3CH2 >, 

3'54 (1H, m, OCCH), 4-38 (2H, s, OCl^Ar), 5'33 (2H, s, NCH2 ), 6'86 

(2H, s, m-Ar), 6'90 (1H, s, Im4), 7-2, 7'4 (15H, m, Ph), 7'58 (1H, s, 

Im2) m/z 574 (MM* 17 7.), 243 (100), 133 (74).

Phthaloylhistidine .XXXI.

Histidine hydrochloride monohydrate (14*8 g, 100 mmol) was ground to a 

fine powder in a mortar and suspended in toluene (200 ml). Triethylamine 

(12'1 g, 120 mmol) and phthalic anhydride (14-8 g, 100 mmol) were added, 

and the suspension was heated under reflux during 4 h. breaking up any 

lumps which form. Removal of the toluene by rotary evaporation and 

crystallization from boiling water gave the crude product. Recrystalliz-
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ation from water gave the title compound as translucent granules which

o o 
were dried under vacuum at 60 C (7-69 g, 27 7.), m.p. 245-6 C (sublimes)

(cc) 20 = -108-5°(c = 1-9, 5M HC1), 5 (D,0 60 MH ) 3-6-7 (2H, d, /3CH,),
Q n f. 7. i

5-1-2 (1H, d, OCCH), 7-3 (1H, s, Im4), 7-9 (4H, s, Ar), 8-6 (1H, s, 

Im2), m z (+ve Ar FAB), 286 (MH+ 100 7.), 240 (26), 95 (10). Found C, 

59-0; H, 3-8; N, 14-6; C^H^O^ requires C, 59-0; H, 3-9; N, 

14-7 7,.

N -Phthaloyl-N -triphenyImethylhistidine.XXXII.

Phthaloylhistidine (2*85 g, 10 mmol) and triethylamine (1-21 g, 12 mmol)

were dissolved in warm formamide (80 ml). A solution of trityl chloride

(3-34 g, 12 mmol) in benzene (20 ml) was then added, and the solution

o 
heated under reflux (approx. 80 ) with efficient stirring (layers only

partially miscible) during 20 h. The mixture was cooled, and the benzene 

was removed by rotary evaporation. The formamide solution was washed 

with ether (50 ml), diluted with water (100 ml) and taken to pH6 with 

dilute hydrochloric acid. Extraction of the product into several 50 ml 

portions of dichloromethane, drying and evaporation gave the crude mater­ 

ial as a brown oil. Flash chromatography in E4 gave the product as an oil, 

which upon trituration with ether gave a white solid (2'25 g, 43 7.), m.p.

142-5°C, (cx)^° = -46-1° (c = 4-62, CHC1J, 6 a (CDClJ 3-38, 3-87 (2H, 
L) J n j

d of q, /3CH2 ), 5-23 (1H, m, OCCH), 6-49 (1H, s, Im5), 6-97-7-23 (15 

H, m, Ar), 7-58 (1H, s, Im2), 7-70, 7-78 (2H,2H, m, pth), m/z 528 

(MH+ , 2 7.), 484 (1), 243 (100) 165 (28), Found C, 75-4; H, 5-0; 

N, 7-6, C33 H25N304 requires C, 75-1; H, 4-7; N, 8-0 ','„.

N -Phthaloyl-N -benzy loxymethylhistidine. XX XIV.

N -Phthaloyl-N -triphenyImethylhistidine (2*11 g, 4 mmol) was dissolved
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in dry dichloromethnne (15 ml ), followed by benzy loxymethy1 chloride (0' 

75 g, 4' p> mmol; 670 u.1). T.l.c was uninformative, showing several 

ncidic compounds (L'2, Mary's spray), so the solution was allowed to 

stand at I\-T- for 2 days- The solvent was removed by rotary evaporation 

anil replaced by 70 7, aqueous acetic acid. Boiling for 15 mins and sub­ 

sequent cooling precipitated triphenyIcarbinol, which was removed by 

fitration and discarded. The solvent was again removed, and the residue 

taken up in a minimum of dichloromethane and extracted into saturated

sodium hydrogen carbonate solution. Acidification with 511 H 50
2 4

followed by attempted extraction into ethyl acetate resulted in the 

separation of white crystals. There proved to be nothing in the ethyl 

acetate extracts, so the solid was washed with ethyl acetate and water, 

and dried under vacuum to give the title compound (200 mg, 11 "0 , m.p.

205-8°C, (Ot)*° = -120-2°(c = 1*22, liMF), 6, (D - UM.IO) 3'47 (2H, m, IJ II 6
/3CH 2 ), 4-44 (2H, q, XrCl^O), 5'09 (1H, m, OCCH), 5*47 (III, s, NCH 20), 

6-51 (1H, s, Im4), 7•30 (5H, m, Ar), 7'72 (1H, s, Im2), 7*8? (4H, s, 

pth), m/z (NH 3 DCI), 406 (MH+84 ",), 362 (100), 300 (23), 2% (28), 

242 (37), Found C, 64-2; H, 4-6; N, 10-0; C^H^N^. h HO 

requires C, 64'0; H, 4*8; N, 10*2 7..

N -Benzyloxycarbony1-N -t-butoxymethylhistidyIphenylalnny1-N -nitroargi­ 

nine benzyl ester. XXX VII.

N^-t-ButoxycarbonyIphenylalany1-N -nitroarginine benzyl ester (139 

mg, 0'25 mmol) was dissolved in ice cold TFA (2 ml) and stirred. After 

0-5 h. the TFA was removed and the residue triturated with ether (10 ml) 

for a further 1 h. The ether was decanted, the residue dissolved in DilF 

(1 ml), and the "pU" was adjusted to around 9*5 with triethylamine to 

give solution A. N -Benzyloxycarbony1-N -t-butoxymethyIhistidine (94 mg,
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25 mmol), HOST (37 mg, 27 mtnol) and DCCI (52 mg, 25 mmol.) were dissolved 

in i)tIF (1 ml). To this solution, cooled in an ice bath, was added solut­ 

ion A, and the reaction was allowed to warm to RT over 12 h. The precip­ 

itate of UCU was filtered off and the filtrate applied directly to a 

column of Sephadex LH 20 swollen and eluted with U11F. Appropriate fract­ 

ions were pooled and evaporated to a small volume, whereupon addition of 

ether gave a precipitate. The ether was decanted and the residue washed 

with ether and dried under vacuum to give the title compound (180 mg, 

89 7.). M.p. 110-7°C. £ (I (D? DMF) 1-21 (9H, s, (CH^), 1-69, 1-93
1

(611, m, Arg CII 2 ), 3-11 (2H, m, /3 GH ? (The) ), 4-49 (211, m, <X C!l s),

4'74 (111, m, 06CH), 5'05 (211, d, /3 CH ), 5'19 (2H, s, CO C1I ) 5-39

(211, s, NCH 9 ) 6-75 (III, s, Im4), 7-2-3 (1511, m, Ar), 7'74 (If), s, Im2).

M/z (FU, 21 mA), 814 (Mil" 1"); (22 mA), 836 (MNa+ ), 814 (MII+ ).

N - t-Butoxymethy Ihis tidy Ipheny lalanylarginine. XX XVI.

The preceding fully protected tripeptide (150 mg, 18 mmol) was 

dissolved in 80 7. aqueous acetic acid (5 ml) and hydrogenated in the 

presence of 10 7, palladium on carbon (100 mg), during 20 h. After this 

time the catalyst was removed by filtration through celite and the filt­ 

rate was evaporated to a small volume and applied to a column of Sephad­ 

ex G10, swollen and eluted with 5 "'„ acetic acid- Appropriate fractions

were selected on the basis of their u.v. absorption profile, noting the 

preponderence of materials whose retention factor was higher, pooled and 

evaporated. Following repeated addition and removal of water by high-vac­ 

uum rotary evaporation an attempt was made to freeze dry the material, 

but with poor results. Grinding under ether gave a solid which was extr­ 

emely hygroscopic and which could not be made to pass elemental analysis. 

However it appeared to be the title compound (22 mg, 23 %). 0 (I' 0 0); I'll



103.

(9!!, s, (C1I 3 ) 3 ), 1-37 (2H, m, Arg CH 2 ) f 1*53, 1-61 (311, m, Arg ClI 2 ) f 

1-76 (911, s, CH C0 2 "), 2*54 (1H, s, Arg 6 CH), 2'87 and 3'00 (211, oct, 

/» CM ), 3'07 (2H, m, (i CH ), 3-91 (III, t, oc CH), 4'03 (1H, t, a Cll), 

4-48 (ni, t, OCCH on His), 5-32 (2H, s, NCH ), 6-86 (1H, bs, Im4), 7-17 

(511, m, Ph), 8«05 (111, s, Im2).

The above material was dissolved in TFA and allowed to stir for 

0*5 h. The TFA was removed and the residue triturated with ether to give 

histidyIphenylalanylarginine tristrifluoroacetate which was essentially 

the same by n.m.r. as the acetate salt from the alternative route. The 

two materials were concurrent by t.l.c. ( cellulose), in F2, a system 

which removes the counter ion.



T^l 6. Nuclear Overhauser measurements, and me thy la tion/amino-

acid analysis of histidine derivatives.
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The experimental details for each compound whose structure was under 

investigation are divided into three sections:

A). The origin of the sample, together with preparative details where 

appropriate, and the basic n.m.r. spectrum taken in the same solvent as 

that in which the nuclear Overhauser enhancement experiments were 

performed

B). The results of equilibrium n.O.e. measurements performed by the 

difference method at 300 MHz. Samples were approximately 5 mM solutions 

in CDCK or (CD_)~SO, and were degassed by passage of a stream of nitrog­ 

en or by alternate freezing and pumping. The n.O.e- was generated by 

pre-irradiation of each of the imidazole protons for 5s. in separate 

experiments; in order to achieve sufficient selectivity between these 

and the nearby phenyl resonances it proved necessary to use r.f. field 

strengths of 5-15 Hz. Under these conditions saturation was not complete, 

but was sufficient to give readily detectable effects. Acquisition of 

the perturbed and unperturbed (with irradiation off-resonance) signals 

were interleaved during the course of the accumulation. Percentage n.O.e. 

s (quoted in the form "A=") are reported relative to the intensity of the 

same line in the unperturbed spectrum.

C)• The details of conversion into Im-methylhistidines and subsequent 

examination using an amino-acid analyser. Using only the short column of 

a Jeol JLC 5AH instrument} conditions were optimised (45 C; pH 4*28; 

0*35 M sodium citrate buffer) for the separation of "1-methylhistidine", 

"3-methyIhistidine", and histidine, and their determination when mutually 

admixed. The following colour values were established for the standards:-

1-Methylhistidine 8-03 XIO" 3 (arb. units).

Histidine 11'39 XIO" 3

3-Me thyIhistidine 10-79 XIO" 3
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The histidine derivative whose orientation was under investigation (ca. 

10 mg) was dissolved in methyl iodide (5 ml). In cases of insufficient 

solubility, enough UMF to dissolve the derivative was first added. After 

24 h. at RT removal of methyl iodide and DMF (if any) gave a residue 

which was heated with "constant boiling" hydrochloric acid under reflux 

for 24 h. In cases where difficulties in methylation were experienced 

the compound (10 mg) was treated with trimethyloxonium fluoroborate (200 

mg) in dry dichloromethane (5 ml) for 24 h at RT = If methoxyethoxymethy 1 

groups were present the residue was gently warmed for 5 h with anhydrous 

zinc bromide (5 mol. equiv-) in dichloromethane (10 ml) before the 

treatment with acid. The hydrochloric acid treatment alone sufficed to 

remove all blocking groups in the other cases- The hydrochloric acid was 

evaporated off and the residue was redissolved to give a solution in 

0*01 M HCl for amino acid analysis.

Two examples of cross-ring coupling constants are included in the data, 

and were measured at 500 MHz

All the compounds discussed were obtained in a chromatographically 

homogeneous state.

N -t-Butoxycarbonyl-N -benzyloxymethylhistidine. XL

Preparation. Ordinarily the commercially available material as supplied

by Cambridge Research Biochemicals was used for synthetic work, however

for these investigations the particular sample (the monohydrate)

prepared in this laboratory for X-ray crystallography was used.

6 H (CDC1 3 ); 1-44 (9H, s, (CH^), 3'28 (2H, d, ft CH 2 >, 4'43 (1H, d,(?C

CH)» 4-48 (2H, s, PhCH2 ), 5'41 (2H, m, NCH^, 5'73 (1H, d, NH),

6'97 (1H, s, Im4), 7-30 (5H, m, Ph), 7'94 (1H, s, Im2).

n.Q.e. measurements. The sample was degassed by passage of nitrogen.
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The following effects were observed; Irr 7*94 gave A=0*90 at 5*41, 

A=0*5 at 4*48. Irr 7-30 and 6*97 gaveA=2*00 at 4*48. Irr 6-97 gave no A. 

Methylation and analysis. Methylation was performed using neat methyl 

iodide. The 3-methylhistidine peak was eluted after 57 min. Peak areas; 

NH 3 ; 0-1528, 1-methylhistidine; nil, histidine; 0*8713 (76 nmol ml" 1 ), 

3-methylhistidine; 1*1727 (109 nmol ml" 1 ). Extent of reaction 597., 

Isomeric excess 1007. .

06 TT
N -t-Butoxycarbonyl-N -benzyloxymethylhistidine methyl ester. XLI 

Preparation. The compound was prepared in good yield in this laboratory 

via bis-t-butoxycarbonylhistidine whose structure is also thus 

established. £ H (CDC1 3 ); 1-42 (9H, s, (CH^), 3-16 (2H, q of d, ft CH ), 

3*73 (3H, s, OCH3 ), 4*45 (2H, s, PhCH2 ), 4*58 (1H, m, oCCH), 5-30 

(2H, q, NCH2 ), 6*88 (1H, s, Im4), 7*32 (5H, m, Ph), 7*48 (1H, s, Im2). 

n.O.e. measurements. The sample was degassed by passage of nitrogen. 

The following effects were observed; Irr 7-48 (and some 7*32) gave A= 

1*90 at 5*30 and A= 0-60 at 4*45. Irr 6*88 gave A= 0*50 at 4*45, and A= 

0*60 at 3*16.

Methylation and analysis. Methylation was performed using neat methyl 

iodide. The 3-methylhistidine peak was eluted after 58 min.Peak areas; 

NH ; 0*1415, 1-methylhistidine; 0*0275" (3*4 nmol ml~ ), histidine; nil,

3-methylhistidine; 1*8970 (176 nmol ml" ). Extent of reaction 1007.. 

Isomeric excess 987..

NTC-Hethvlhistidine. XXXVIII

Preparation. The compound was obtained from the Sigma Chemical company

described as "1-methyl-L-histidine", lot number 79C-0355. 6 (DO);
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3*02 (2H, q of d, /3CH2 ), 3*46 (3H, s, NCH3 >, 3*70 (1H, q, OCCH), 6*75 

(1H, s, Im4), 7*52 (1H, s, Im2).

n.O.e. measurement* The sample was degassed by alternate freezing and 

pumping. The following effects were observed; Irr 7*52 gave A= 0*3 at 

3-46. Irr 6*75 gave A= 0*8 at 3-02.

Methylation and analysis. This compound was used as a standard, prepared 

at 159*6 nmol ml , for the evaluation of the colour yield in the 

reaction with ninhydrin. The 1-methylhistidine peak was eluted after 45 

min. Peak areas; NH ; 0-1448, 1-methylhistidine; 1*2810, histidine (as 

an auxiliary standard); 1»5410, 3-methyIhistidine; nil (no cross- 

contamination), k., = 8*03.10~ . 1-me

N -Methylhistidine. XXXIX

Preparation. The compound was obtained from the Sigma Chemical company

described as "3-methyl-L-histidine", lot number 88c- 0040. (^(DpO); 2*91

(2H, q of d, /3CH2 ), 3*47 (3H, s, NCHj), 3*75 (1H, q, OCCH), 6*77 (1H, s,

Im5), 7-38 (1H, s, Ira2)

n.O.e. measurement. The sample was degassed by alternate freezing and

pumping. The following effects were observed; Irr 7*38 gave A= 1*20 at

3*47. Irr 6-77 gave A= 3-00 at 3*47 and A= 1*1 at 2*91.

Methylation and analysis. This compound was used as a standard, prepared
^^^~^™^^~ ^—^^^^^^^^^^^^^^^^^^—^ i 0

at 136*2 nmol ml , for the evaluation of the colour yield in the reaction 

with ninhydrin. The 3-methylhistidine peak was eluted after 59 min. Peak 

areas; NH ; 0*1448, 1-methylhistidine; nil (no cross-contamination), 

histidine (as an auxiliary standard); 1*5410, 3-methylhistidine; 1*4699.

k, 10*79.10" 3 . 3-me =
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06 T/ 
N - Benzyloxycarbonyl-N -triphenylmethyIhistidine methyl ester . XIII

Preparation. Details of the preparation of this compound are described in 

chapter 1. Nuclear Overhauser enhancement measurements are inappropiate 

for a compound of this structure.

Methylation and analysis. Methylation was performed using neat methyl 

iodide. The 1-methylhistidine peak was eluted after 46 min. Peak areas; 

NH3 ; 0-1255, 1-methylhistidine; 0-4745 (42 nmol ml" 1 ), histidine; 1-2520 

(66 nmol ml ), 3-methylhistidine; nil. Extent of reaction 397. Isomeric 

excess 1007. •

OC ]Tf I TN -Benzyloxycarbonyl-N -phenacyIhistidine methyl ester. LI

Preparation. The hydrobromide salt (prepared by Ramage) (251 mg, 0-5 

nmol) was suspended in ethyl acetate (20 ml) and washed with saturated 

sodium bicarbonate solution (20 ml) until all the solid had dissolved. 

The organic layer was washed with water (20 ml), dried (MgSO ) and 

evaporated to give a colourless oil which could not be solidified 

(195 mg, 927.). 8^ (CDC1 3 >; 3-06 (2H, d, /3 CH2 ), 3-73 (3H, s, OCH3 ), 

4-55 (1H, q, OCCH), 5-03 (2H, m, PhCH2 ), 5-35 (2H, q, NCH2 >. 5-61 (1H, 

d, NH), 6-88 (1H, s, Im4), 7-33 (5H, m, Ar), 7-43 (1H, s, Im2), 7-54 

(2H,m, Ar), 7-68 (1H, m, Ar), 7-98 (2H, m, Ar).

n.O.e measurement. The sample was degassed by passage of nitrogen. 

The following effects were observed; Irr 7*43 was prevented by close 

proximity of other peaks. Irr 6-88 gave A= 1-80 at 4-55, A= 0-60 at 

3-73 and A= 0-80 at 3-06.

Methylation and analysis. The procedure was not carried out on this 

compound.
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OC T
N -Benzyloxycarbonyl-N -phenacy Ihistidine methyl ester. |_II

Preparation.. The compound had been previously prepared in this laboratory. 

6H (CDC1 3 ); 3-13 (2H, q of d, ft CH2 >, 3-73 (3H, s, OCI^), 4-65 (1H, m, OC 

CH), 5-13 (2H, m, PhCH2 >, 5*33 (2H, s, NCH2 >, 6-31 (1H, d, NH), 6*69 (1H, 

s, Im5), 7»35 (6H, m, Ar), 7*55 (2H, m, Im2 and Ar), 7-68 (1H, m, Ar), 

7-96 (2H, m, Ar).

n.Q.e. measurement. The sample was degassed by passage of nitrogen. The 

following effects were observed; Irr 7-55 was prevented by close proximity 

of other peaks. Irr 6-69 gave A= 1-40 at 5*13, A= 1*40 at 4*65, and A= 

1-00 at 3*13

Methylation and analysis. The procedure was not carried out on this 

compound.

oc ~rc wN" -Benzyloxycarbonyl-N -t-butoxymethylhistidine methyl ester . X

Preparation. The material was not prepared as described in chapter 1, but———————— ,,

was a kind gift of Dr R. Colombo who prepared it according to the

procedure outlined on p. 20 .6 U (CDClJ; 1'25 (9H, s, (CH,)), 3-14 (2H,
H J J

m, ft CH2 ), 3*73 (3H, s, OCH 3 ), 4*63 (1H, m, OCCH), 5*08 (2H, s, PhCH 2 ),

5'22 (2H, dist d, NCH 2 ), 5-90 (1H, d, NH), 6*80 (1H, s, Im4), 7-31 (5H,

m, Ph), 7*48 (1H, s, Im2).

n.O.e. measurement. The sample was degassed by passage of nitrogen. The

following effects were observed; Irr 7*48 gave A= 1*09 at 5*22. Irr 7*31

gave A= 0*73 at 5*08. Irr 6-80 gave A 0-41 at 4*63.

Methylation and analysis. Methylation was performed using neat methyl

iodide. The 3-methyIhistidine peak was eluted after 58 min. Peak areas;

NH,; 0-2358, 1-methyIhistidine; 0*0563 (7 nmol ml" 1 ), histidine; 0*3870

(34 nmol ml ), 3-methyIhistidine; 2*4656 (228 nmol ml ). Extent of

reaction 85*8 •/,. Isomeric excess 96*9 7.
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N -Benzyloxycarbonyl-N -t-butoxymethy Ihistldine. XI

Preparation. The compound was prepared by hydrolysis of the preceding

material. 6 H (D6 DMSO); 1-19 (9H, s, (CH 3 ) 3 >, 3-00 (2H, m, /3CH2 >, 4*32 

(1H, m, OCCH), 5-01 (2H, m, PhCH2 >, 5'33 (2H, dist d, NCH2 ), 6-70 (1H, s, 

Im4), 7'32 (5H, m, Ar), 7-61 (1H, d, NH) , 7'69 (1H, s, Im2). 

n.O.e. measurement. The sample was degassed by alternate freezing and 

pumping. The following effects were observed. Irr 7*69 gave A= 0*90 at 

5-33. Irr 7-32 gave A= 0*80 at 5'01. Irr 6*70 gave A= 1*40 at 4-32. 

Methylation and analysis. Methylation was performed using neat methyl 

iodide. The 3-methylhistidine peak was eluted after 58 min. Peak areas; 

NH3 ; 0-2465, 1 -me thy Ihi sti dine; nil, histidine; 0-0720 (6 nmol ml" 1 ), 

3-methylhistidine; 0*5182 (48 nmol ml" ). Extent of reaction 88 7.. 

Isomeric excess 100 %•

o£ TT
N -Benzyloxycarbonyl-N -t-butoxymethylhistidine methyl ester. X

Preparation. This material was prepared directly by reaction of N - 

benzyloxycarbonyIhistidine methyl ester with t-butylchloromethyl ether.

Following chromatography on silica gel the yield was 24 7.. 6 (J (CDCl );
H 3

1-20 (9H, s, (CH 3 ) 3 ), 3-08 (2H, q of d, /3CH2 >, 3-69 (3H, s, OCH 3 ), 

4-62 (III, m, OCCH), 5-11 (2H, d, PhCH2 ), 5-23 (2H, s, NCH ), 6-30 (III, d, 

Nil), 6-80 (1H, s, Im5), 7-36 (5H, m, Ph), 7-52 (1H, s, Im2). 

n.O.e. measurement. The sample was degassed by passage of nitrogen. The 

following effects were observed; Irr 7-52 gave A= 1-90 at 5-23. Irr 7-36 

gave A= 0-90 at 5-11. Irr 6-80 gave A= 1-50 at 5-23 and A= 0-90 at 3-08. 

Hethylation and analysis. Methylation was performed using neat methyl 

iodide. The elution time for the 1-methylhistidine peak was not 

measureable.Peak areas; NH 3 ; 0-7305, 1-methylhistidine; 3-6270 (452
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nmol ml" ), histidine; 0-3370 (30 nmol ml ), 3-methylhistidine; nil. 

Extent of reaction 94 ?„• Isomeric excess 100 7..

N -Benzyloxycarbonyl-N -methoxyethoxymethylhistidine methyl ester. XLIII.

Preparation. The compound was prepared as described by Colombo et al.

O6 T c 
via N -benzyloxycarbonyl-N -t-butoxycarbonylhistidine methyl ester. 6,.

H

(CDC1 3 ); 3-16 (2H, m, /3CH 2 >, 3'32 (3H, s, CH 2 OCH 3 ), 3'48 (4H, bs, CH 2 

CH2 ), 3-73 (3H, s, OCH 3 ), 4-64 (1H, q, OCCH), 5-08 (2H, s, PhCH 2 ), 5-29 

(2H, s, NCH 2 ), 5'83 (1H, d, NH) 6*84 (1H, s, Im4) , 7'31 (5H, m, Ph) , 

7-50 (1H, s, Im2).

n.O.e. measurement* The sample was degassed by passage of nitrogen. The 

following effects were observed. Irr 6*84 gave A= 2*00 at 4-64, A= 0*60 

at 3'73 and A= 0*60 at 3*16. Irr 7-50 gave A= 2'20 at 5*83 and A= 0'80 

at 3-48.

Methylation and analysis. Methylation was performed using neat methyl 

iodide. The Mem group was removed from the methylated imidazolium salt 

by treatment with anhydrous zinc bromide, prior to heating with the 

constant-boiling HCl. The elution time for the 3-methylhistidine peak 

was 60 min. Peak areas; NH 3 ; 0-8318, 1-methylhistidine; nil histidine; 

nil, 3-methylhistidine 0-2700 (25 nmol ml" ). Extent of reaction 100 7. , 

Isomeric excess 100 7. •

N -Benzyloxycarbonyl-N -methoxyethoxymethylhistidine methyl ester. XLIV. 

Preparation. The compound was prepared directly using Mem chloride as——— £.6
described by Colombo et al 6 u (CDCl,); 3-10 (2H, oct, ft CH ), 3-37 (3H,

———— H j ' 2.

s, CH 2 OCH 3 ), 3-50 (4H, s, CH 2 CH 2 ), 3-72 (2H, s, OCH 3 >, 4-63 (1H, m, OGCH) , 

5'13 (2H, s, PhCH 2 ), 5'27 (2H, s, NCH 2 >, 6-28 (1H, d, NH) , 6-80 (1H, s,
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Im5), 7*35 (5H, m, Ar), 7-49 (1H, s, Im2).

n.O.e. measurement. The sample was degassed by passage of nitrogen. The 

following effects were observed. Irr 7*49 gave A= 2*00 at 5*27, and A= 

1'20 at 3-50. Irr 6'80 gave A= 2'00 at 5-27, A= I'OO at 3-50 and a small 

A at 3-10.

.Methylation and analysis. Methylation was performed using neat methyl 

iodide; the Mem group was removed from the methylated imidazolium salt by 

treatment with anhydrous zinc bromide, prior to heating with constant- 

boiling HCl. The elution time for the 1-methylhistidine peak was 41 min. 

Peak areas; NH ; 1'414, 1-methylhistidine; 0*2463 (31 nmol ml ), histidine; 

0-3224 (28 nmol ml~ ), 3-methylhistidine; nil. Extent of reaction 52 7.. 

Isomeric excess 100 7. .

O6 Tt VI \/ N -Denzyloxycarbony 1-N -trimethylsilylethoxymethyIhistidine methyl ester.ALV,—
Preparation. The compound was prepared as desribed by Colombo et al. via
oc f N -benzyloxycarbony1-N ^t-butoxycarbonyIhistidine methyl ester. 6 (CDCl,);

-0-04 (9H, s, Si (CH3 ) 3 >, 0'90 (2H, q, CH2 Si), 3-13 (2H, m, /3 CH2 >, 3-45 

(2H, q, OCH2 ), 3*71 (3H, s, OGH3 ), 4'65 (1H, q, OGCH), 5'08 (2H,s, PhCH2 ), 

5'19 (2H, s, NCH2 ), 5'76 (1H, d, NH), 6'83 (1H, 9, Im4), 7-33 (5H, m, Ph), 

7*48 (1H, s, Im2).

n.O.e. measurement. The sample was dega'ssed by passage of nitrogen. The 

following effects were observed. Irr 7*48 gave A= 0*6 at 6'83, A= 1*60 at 

5»19, and A= I'OO at 3*45. Irr 6*83 gave A= 1-20 at 4-65, A= 0'60 at 3'71 

and A= 0'50 at 3'13. Irr 5-19 gave A= 13«2 at 7'48, A= 2*60 at 4-65, A= 

4'30 at 3«45, A= 2'00 at 3'13 and A= 0-80 at 0'90. Irr 5'08 gave A= 2-0 

at 7'33.

Methylation and analysis. Methylation was performed using neat methyl 

iodide. The elution time for the 3-methylhistidine peak was 62 min. Nil
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and 3-methylhistidine peaks only were observed, no numerical data were 

available due to problems with baseline. Extent of reaction 1007. . 

Isomeric excess 1007. .

oC T"N -Benzyloxycarbonyl-N -trimethylsilylethoxymethylhistidine methyl ester.

XLVI
Preparation. The compound was prepared directly using Sem chloride as

described by Colombo et al. 6 U (CDCl,); -0*02 (9H, s, Si (CH,) ,) 0'88————— n J j J
(211, t, CH 2Si), 3-10 (2H, q of d, ft CH2 ), 3*45 (2H, t, OCH 2 ), 3-71 (3H, s, 

OCH 3 ), 4-63 (1H, m,oCCH)» 5*12 (2H, s, PhCH 2 >, 5*18 (2H, s, NCII 2 ), 6*26 

(1H, d, NH), 6-79 (III, s, Im5), 7*33 (5H, m, Ph), 7*48 (1H, s, Im2). 

n.O.e. measurements. The sample was degassed by passage of nitrogen. The 

following effects were observed. Irr 7*48 gave A= 1*40 at 5*18. irr 6-79 

gave A= 1*50 at 5*18. Simultaneous irr at 5*18 and 5-12 gave A= 5*50 at 

7*48, A= 5-40 at 6-79 and A= 1*8 at 3*45.

Methylation and analysis. Methylation was performed using neat methyl 

iodide. The elution time for the 1-methylhistidine peak was 42 min. Peak 

areas; NH ; 0*2520, 1-methylhistidine; 0*5274 (66 nmol ml ), histidine; 

trace, 3-methylhistidine; nil. Extent of reaction 957. . Isomeric excess 

1007» •

N -Benzyloxycarbonyl-N -benzyIhistidine.XLV1I

Preparation. This material had been previously prepared in this laboratory,
° 20 and was purified and characterised further; m.p. 148-9 , (f*0 D = 9*15

(C = 0*754, DMSO). Found C, 65*3; H, 5*4; N, 10*8. C21 H^ N 3 0^. O-Sf^O 

requires C, 65*0; H, 5*7; N, 10*8 7. .6^ (D& DMSO); 2*85 (2H, q of d,/3 

CH ), 4*15 (1H, m, OC CH), 5*03 (2H, s, PhCH2), 5*20 (2H, s, NCH2 ), 6*77 

(1H, s, Im4), 7*10 (2H, d, Ph), 7*34 (7H, m, Ph), 7*68 (1H, d, Ph), 7*72 

(1H, s, Im2)
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n.O.e- measurements. The sample was degassed by alternate freezing and 

pumping. The following effects were observed. Irr 7*72 gave A= 4'00 at 

7'10, A= 1-53 at 6'77, A= 1-50 at 5'20 and A= 2*00 at 4-15. Irr 6'77 gave 

A= 2*20 at 4-15. Irr 5«20 gave A= 10-94 at 7'72, A= 14'00 at 7'10, A= 2'00 

at 4*15 and A= 0-80 at 2'85.

Methylation and analysis. Attempted methylation using methyl iodide in 

DMF was unsuccessful, and following hydrolysis in constant-boiling HCl 

only histidine could be detected.

N -Benzyloxycarbonyl-N -benzylhistidine methyl ester. LVIII

Preparation. The material fia.d been previously prepared in this laboratory.

6H (CDC1 3 ); 2'98 (2H, m, /3CH2 ), 3*67 (3H, s, OCH 3 ), 4'51 (1H, q, OCCH),

4'99 (2H, m, NCH2 or PhCH2 >, 5-08 (2H, m, NCH2 or PhCH2 ), 5-69 (1H, d,

NH), 6-82 (1H, s, Im4), 6-98 (2H, m, Ar) 7-31 (8H, m, Ar), 7-42 (1H, s,

Im2).

n.O.e. measurement. The sample was degassed by passage of nitrogen. 

The following effects were observed. Irr 7*42 and 7*31 gave A= 2'40 at 

6'98, and 1'50 at 4'99. Irr 6-98 and 6'82 gave A= 1-00 at 5'69, A= 1-50 

at 4-51, A= 0*80 at 3'67, and A= 0-70 at 2'98. Irr 5-08 and 4'99 gave 

A= 10-8 at 7-42, A= 6'20 at 6*98, a negative A at 5'69, A= 2*60 at 4-51 

and A= 1'80 at 2«98.
•

Methylation and analysis. In consequence of the negative result in the 

case of the free acid, this procedure was not attempted.

f¥s /\s

N -Benzyloxycarbonyl-N -benzylhistidine. LI X

Preparation. The compound was obtained from the Sigma chemical company,

lot number 91C-0320. It was further characterized as follows; m.p.
• 20 208-10 , (€>0D ^6-06 (C = 0-81, AcOH), Found; C, 65-7; H, 5-6; N, 11-0;
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C21 H21 N 3°4* °" 25 H 2° recl uires c » 66 '°; H» 5>6 > N » 10 * 9 7" & H < D6 DtlSO).

2-84 (2H, q of d, /3CH2 >, 4'22 (1H, m, OCCH), 5-00 (2H, s, PhCH 2 ), 5'13

(2H, s, NCH2 ), 6*90 (1H, s, Im5), 7'21 (2H, m, Ph), 7*33 (7H, m, Ph),

7-50 (1H, d, Ph), 7-71 (1H, s, Im2).

n.Q.e. measurement. The sample was degassed by alternate freezing and

pumping. The following effects were observed. Irr 7*71 gave A= 1*20 at

7*21, and A= 1'70 at 5'13. Irr 6-90 gave A= 1-60 at 5*13 and A= 1-20 at

4-22. Irr 5-13 gave A= 13'60 at 7'71, A= 6'20 at 7-21 and A= 10-40 at

6'90.

Methylation and analysis. The procedure was not attempted on this

compound.

N -Benzy loxycarbonyl-N -benzylhistidine methyl ester. LXI

Preparation. The sample was of commercial origin. & (CDCl,); 3*06 (2H,

oct, /3CII2 ), 3'64 (3H, s & rotamers, OCH 3 >, 4*61 (1H, quin, cXCH), 5- 02

(2H, s, NCH2 ), 5-10 (2H, s, PhCH2 >, 6'63 (1H, s, Im5), 7-33 and 7-10 (10

H, m, Ar), 7-42 (1H, s, Im2).

n.O.e. measurement. The sample was degassed by passage of nitrogen. The

following effects were observed. Irr 7'42 gave A= 1*80 at 5*02. Irr 6*63

gave A= 0*80 at 7*10, A= 1*40 at 5*02, A= 1*00 at 4'61 and A= 0-80 at

3-06. Irr between 5«10-5'02 gave A= 6*80 at 7'42, A-= 2'80 at 7»33 and

7-10, and A= 6»60 at 6'33

Methylation and analysis. The procedure was not attempted on this

compound.

N -t-Butoxycarbonyl-N -benzylhistidine. LVI

Preparation. The compound was obtained from the Sigma chemical company.
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Lot number 91C-0320. 6 H (D^eOH); 1'38 (9H, s, (GH3 ) 3 ), 2'92 and 3*12

(2H, d of q, /3CH ), 4*26 (1H, t, oGCH), 5'26 (2H, s, PhCH2 ), 7'11 (1H,

s, Im5), 7'20 (5H, m, Ph), 8-24 (1H, s, Im2).

n.O.e. measurement. For these measurements the spectra were measured

in deuterochloroform, the samples were degassed by passage of nitrogen.

The following effects were observed; Irr 7*81 gave A= 1*7 at 5'06 (N-

CH2 -Ph). Irr 6-69 gave A= 1-2 at 5'06

Methylation and analysis. The procedure was not attempted on this

compound.

N -t-Butoxycarbonyl-N -benzyIhistidine methyl ester. LVII

Preparation. The sample was prepared by Dr. R. Colombo. 0 (CDC1-);

1-44 (9H, -s, (CH 3 ) 3 ), 3-05 (2H, dist q of d, /3 CH ), 3'65 (3H, s,

OCH3 ), 4'53 (1H, quin, QCCH), 5«05 (2H, s, PhCH2 ), 5'92 (1H, d, NH),

6-64 (1H, s, Im5), 7'13 (2H, m, Ph), 7'34 (3H, m, Ph), 7'38 (1H, s,

Im2).

n.O.e. measurements. The sample was degassed by passage of nitrogen.

The following effects were observed. Irr 7*38 gave A= 0*90 at 7*13 and

A= 2-40 at 5*05. Irr 6-64 gave A= 2*20 at 5'05 and A= 0'80 at 3-05. Irr

5'05 gave A= 6-5 at 7*38, A= 4-60 at 7'13, A= 5*80 at 6'64 and a small

negative A at 5'92.

Methylation and analysis. The procedure was not attempted on this

compound.

N -t-Butoxycarbony1-N -benzyIhistidine methyl ester.LVI

Preparation. The sample was prepared by Dr. R. Colombo. 6 (CDCl ); 
__________. H 3

1*42 (9H, s, (CH3 ) 3 ), 2-97 (2H, oct, /3CH2 ), 3'72 (3H, s, OCH 3 ), 4'47 

(1H, m, OCCH), 5-09 (2H, d, NCH2 ), 5-17 (1H, m, NH), 6-85 (1H, s, Im4),
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7'06 (2H, m, Ph), 7-32 (3H, m, Ar), 7'47 (1H, s, Im2).

n.O.e. measurements. The sample was degassed by passage of nitrogen. The

following effects were observed. Irr 7*47 gave A= 1-70 at 5*09. Irr 6*85

gave A= 2-50 at 4'47, and A approx 1*5 at 2*97. Irr 5*17-5'09 gave A=

2-80 at 7-47, A= 6«50 at 7-06, A= 6-0 at 4'47, and A= 2'05 at 2'97.

Methylation and analysis. The procedure was not attempted on this

compound.

OC /TN -Benzyloxycarbonyl-N -p-toluenesulphony1histidine methyl ester.XLVIII

Preparation. The compound had been previously prepared in this laboratory 

by Rathbone. 6,, (CDCl,.), 2*43 (3H, s, p CH_), 3*04 (2H, m, /3CH 0 ), 3*64n j j > 2. 
(3H, s, OCH 3 ), 4'62 (III, sex, oCCH), 5'10 (2H, s, PhCH 2 ), 5'92 (1H, bd,

NH), 7'05 (1H, s, Im5), 7'29-7'40 (7H, m, Ar), 7'78 (2H, d, Ar), 7-89

(1H, d, Im2).

Cross-ring coupling constant. This was measured to be 1*26 Hz; within

the expected range.

n.O.e. measurements. Such measurements are not appropriate for a compound

of this structure.

Methylation and analysis. Methylation was performed using trimethylox-

onium tetrafluoroborate in dichloromethane. The elution time for the 1-

methyIhistidine peak was 47 min. Peak-areas; NH.,; 0*1155, 1-methyl-

histidine; 0«0585 (8 nmol ml" 1 ), histidine; 0-1750 (16 nmol ml" 1 ),

3-methyIhistidine; nil. Extent of reaction 32 7, • Isomeric excess 100 7.

N -Benzyloxycarbony 1-N -piperidinocarbonyIhistidine methyl ester.XLIX 

Preparation. To a solution of N" -benzyloxycarbonylhistidine methyl ester 

(3*03 g, 10 mmol) in dry benzene (15 ml) was added triethylamine (1-01 g, 

10 rrunol) and piperidinocarbony 1 chloride (1'33 g, 10 mmol). The mixture
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was heated under reflux for 2h. and then cooled- After filtration to 

remove triethylammoniurn chloride the solution was washed twice with 

water and again twice with a dilute solution of sodium bicarbonate. 

Drying (MgSO.) and evaporation of the benzene gave a yellow oil, which 

solidified to a pale yellow solid on trituration with petrol. The yield 

at this stage was 75 7. - Recrystallization from ether gave the title 

compound as colourless crystals (1-6 g, 39 7.). M.p. 77-8° (lit 77-9°), 

(00)2° -2-31° (C= 1-04, MeOH),6 H (CDClj); 1-66 (6H, m, pipCH^, 3-12 

(2H, m, /3CH2 ), 3-50 (4H, ra, CH 2 NCH 2 ), 3-73 (3H, s, OCH3 >, 4-67 (111, m, 

OCCH), 5-13 (2H, s, ArCH 2 ), 6-12 (1H, d, Nil), 6*93 (1H, s, Im5), 7-2

(5H, m, Ar), 7*77 (III, s, Im2). Found G, 61«2; H, 6-4; N, 13'5; CL, H_,21 26

N40 5 requires C, 60-9; H, 6'3; N, 13'5 7. .

n.Oe. measurements. Such measurements are not appropriate for a compound

of this structure.

Methylation and analysis. Hethylation was performed using methyl iodide

in dimethylformamide. The elution time for the 1-methylhistidine peak was

46 min. Peak areas; NH ; 0*1726, 1-methylhistidine; 0-3065 (38 nmol ml" 1 ),

histidine; 0'3442 (30 nmol ml }, 3-methylhistidine; nil. Extent of

reaction 56 7. • Isomeric excess 100 7, •

oC TT i VT N -Benzy loxycarbonyl-N" -mesi tylmethoxymethyl histidine. LA1

Preparation. Compound XXV was dissolved in glacial acetic acid 

(60 ml). After 24 h. at R.T. the acetic acid was removed-and the white 

foam was dissolved in a mixture of methanol (60 ml) and sodium hydroxide 

solution (1M; 18 ml). After 20 min. the reaction mixture was diluted 

with water (120 ml) and extracted with ether (2 x 100 ml). The aqueous 

layer was acidified to pH 4'5 by addition of HCl (1M) and extracted
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with chloroform (6 x 100 ml). The extracts were combined, dried and 

evaporated to a white foam which was dissolved in a little ethyl 

acetate and precipitated by addition of petrol (400 ml) to give the 

title compound (2-12 g, 78 7.). M.p. 135-7°C, (OC)^° + 41-1° (C = 1, CHCl,)

, 6 H (D6 DMSO); 2'12 (6H, s, o-CH^, 2'19 (3H, s, p- CH3 ), 3-01 (2H, 

q of d, /3CH 2 ), 4-14 (1H, m, OC CH), 4'34 (2H, m, Ar- CH2 ), 5-00 (2H, s, 

PhCH 2 ), 5-40 (2H, q, NCH 2 ), 6'73 (1H, 's, Im4), 6-78 (2H, s, m- CH), 

7'32 (5H, m, Ph), 7'75 (1H, s, Im2). Found: C, 65*5; H, 6-4; N, 10*0,

C25H29 N3°5* °* 5 H2° recl uires c» 65 *2; H, 6-5; N, 9-1 7. .

n.Q.e. measurements. The sample was degassed by alternate freezing and

pumping. The following effects were observed. Irr 7'75 gave A= 0*90 at

5-40, and A= 0-60 at 4-34 . Irr 7'32 gave A= 1«80 at 5'00 and A= 0'80

at 4'14. Irr 6*78 gave A= 2*90 at 4*14 and A= 3-00 at both 2-19 and

2*12.

Methylation and analysis. The procedure was not attempted on this

compound.

oc It, . .,,, 
N -t-Butoxycarbonyl-N -t-butoxymethyIhistidine methyl ester. LXli

Preparation. The compound had been prepared in this laboratory during

work on this imidazole protecting group. S u (CDCl,); 1'28 (9H, s, (CH,)
n J j

78of Bum), 1'41 (9H, s, (CH ) of Boc), 3*15 (2H, q of d, /3CH2 ), 3'
•

(3H, s, OCH3 ), 4-55 (1H, m, OCCH), 5'28 (2H, s, NCH2 ), 5-44 (1H, d, NH),

6»85 (1H, s, Im4), 7'62 (1H, s, Im2).

n.O.e. measurements* The sample was degassed by passage of nitrogen.

The following effects were observed. Irr 7*62 gave A= 1'80 at 5*28. Irr

6'85 gave no A. Irr 5-28 gave A= 5'10 at 7«62, A= 3'00 at 4'55, A= 2'10

at 3-15 and A= 3-10 at 1-28.

Methylation and analysis. The procedure was not attempted on this

compound.
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N -Fluoren-9-ylmethoxycarbonyl-N -piperidiny Ihistidine. CXXIV 

Preparation. The sample was a kind gift of Dr. J.D. Richards. 8 (CD 

C1 3 ); 1-67 (6H, vbs, Ppc C»2 (3-5) ), 3'29 (211, q of d, /3CH ), 3-50 

(AH, d, CH 2 NCH 2 ), 4-26 (l!!,t, FmocH), 4-44 (2H, d, Fmoc CH ), 4-58 (1H, 

bm.oCCH), 5-88 (in, d, NH), 6-95 (1H s, Im5), 7-38 (4H, dist. d of t, 

Ar), 7-63 (2H, d, Ar), 7-79 (2H, d, Ar), 8-00 (1H, s, Im2). 

Cross-ring coupling constant. This was measured to be 1*7 Hz, which is 

an unusually high value, indicative nevertheless of tele-substitution. 

n.O.e. measurements. Such measurements are not appropriate for a 

compound of this structure.

llethylation and analysis. Hethylation was performed using neat methyl 

iodide. The elution time for the 1-methylhistidine peak was 44 min. 

Peak areas; NH 3 ; 0-1262, 1-methylhistidine; 0-1250 (16 nmol ml" 1 ), 

histidine; 0*0700 (6 nmol ml ), 3-methylhistidine; nil. Extent of 

reaction 72 7, • Isomeric excess 100 7. •

N -Fluoren-9-ylmethoxycarbonyl-N -t-butoxycarbonylhistidine.L 

cyclohexylamine salt.——————————— 130
Preparation. The sample was a kind gift of Dr. J.D. Richards. 

n.O.e. measurements. Such measurements are not appropriate for a 

compound of this structure.

Methylation and analysis. Methylation was performed using a solution of 

methyl iodide in dimethylformanide (20 ?„ ). The elution time for the 

1-methylhistidine peak was 45 min. Peak areas; NH 3 ; 0-0759, 1- methyl- 

histidine; 0-0676 (8-4 nmol ml" 1 ), histidine; 0-0270 (2 nmol ml ), 

3-methylhistidine; nil. Extent of reaction 84 7.. Isomeric excess 100 ?..



-V. 7. Preparation of haloacyl and pyrimidinc derivatives of

compounds containing the guanidine function.
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2-PhenylethyIgunnidine hcmisulphate.LXIII

131
The compound was prepared by the general method of Braun.

2-Phenylethylamine (32 ml, 250 mmol) and S-methylisothiouronium 

hemisulphate (30 g, 250 mmol) were heated under reflux in water (350 ml) 

during 4 h. A gentle flow of nitrogen was passed over the mixture to 

remove evolved thiomethanol. Removal of the water and recrystallization 

from ethanol, followed by washing with ether and drying under a vacuum 

gave the required material (37 g, 707,) . The compound was described

o 87
previously less the following additional data: M.p. 174-5 C (lit.

168-71 ) £ (D, DMSO) 35 (t, dec-s, NCH 0 ), 126 (d dec-s, Ar(4) ), 129 
Co 2

(m dec-bd, \r (2,3,5,6) ), 139 (s, Ar (1) ), 158 ( s , guan C).

1'eaction of 2-Fheny lethy Igunnidine with Chloroacetyl Chloride.

2-PhenylethyIguanidiiie free base was obtained from the hemisulphate 

by neutralisation with concentrated sodium hydroxide, followed by 

evaporation of the water and extraction of the residue with ether. The 

ether eal solution was dried, filtered and evaporated to an oil, which 

was protected from the atmosphere.

To a solution of the guanidine (5 g, 20 mmol) in dry THF (40 ml) 

was slowly added an excess of chloroacetyl chloride (approx 5 g)° A 

white precipitate appeared during the .addition, but redissolved. After a 

few minutes removal of the solvent gave a yellow oil, which was washed 

with ether. A small aliquot (3^0 mg) was chromatographed on silica gel 

using a Chroma totron. The earlier fractions, !l- 0'75 appeared to contain 

the disubstituted derivative, N-(2-Phenylethyl)-!! , N - bischloroacety1- 

guanidine, as a mixture of & > 6J andd?, cJ disubsti tuted compounds.

5 (CIKU ) 2-85- (2!1, t, LhCIL), 2*93 (211, t, PhCIL), 3'57 2il, q, CiUnl 
H J 2 L L

3-74 (211, q, Ciilt), 4'02, 4'06, 4-11, 4-16 (4H, 4 X s, CHCl,,), 6-60
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(211, b, NH) 7-23 (1011, m, M-)t 9'02 (211, b, Mil), m/z (Mil ) DCI (318 

567, Iill+35>37 ), 316 (100, HH+35)35 ), 198 (11).

Methyl difluoroacetnte.

132Following the procedure of Tolman , difluoroacetic acid (4-29 g,

•

45 mmol) and dimethyIphthalate (14*11 g, 73 mmol) were heated to 150 C 

with stirring, together with a little sulphuric acid (0*3 ml). The 

temperature v;as then increased and all the volatile materials were 

distilled from the reaction mixture through a fractionating column. The 

collected fractions were assessed by g.l.c. and the appropriate ones were

dried over t' 0 and redistilled in a rotary vacuum oven to give the
o , 

required material as an oil (2'82 g, 537») • B.p. 85 C 0 (60M11 COCl ),

3-90(311, s, C1I 3 ), 5-00, 5-35, 6'75(1H, t, CMl^).

K-( 2-Pheny 1 ethyl)-II -difluoroacetylguanidine.LXV

ilethyIdifiuoroacetatc (1*10 g, 10 mmol) was added to a solution of 

2-phenylethyIguanidine hemisulphate in freshly prepared methanolic sodium 

methoxide (40 ml; 230 mg, 12 mmol). The reaction mixture was heated under 

reflux with stirring for 3h. in a gentle stream of dry nitrogen, cooled 

and allowed to stand overnight. Lvaporation of the solvent followed by 

acidification (dilute HGl) gave only oily droplets. The solution was 

extracted with ether, the ether layer was dried (Mg30 ) and evaporated, 

and the oily residue was quickly chromatographed on silica gel (lleO!!/ 

CllCl., &;:,)• The bul'.c of the material appeared to be a bis-difluoroacetyI 

derivative, but it decomposed quickly to an intractable oil. The most 

stable material (:; 0-5) appeared to be the title compound (30 mg 3") 

6 (C *Cl.,f 250 llil ) 2'%(2II, t, Ph<:il ), 3'34(0-5!1, m, Nil), 3'60 (2il, q,
11 2 •• Z

i:C!! ? ), 5-64, 5-P>7, 6«09(111, t, CUF ? ), 6-37(111, m, Nil), 7'33(6'5M, m,
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Ar ft i;il). However this material was unstable in air, and a t.l.c. 

examination showed the starting material guanidine to be present-

2(2-Phenylethylamino)-4,6-dihydroxypyrimidine.LXVII

To a dilute solution of sodium ethoxide in ethanol (100 ml) 

prepared freshly from sodium (1*1 g, 50 mmol), was added 

2-phenylethylguanidine hemisulphate (3'9 g, 15 mmol) followed quickly 

by excess diethyl malonate (11*2 g, 70 mmol). The solution was heated 

under reflux in a gentle stream of dry nitrogen for 4 h. On cooling and 

evaporation of solvent, water (30 ml) was added and the pll was adjusted 

to between 8 and 9 with cHCl. The solution was extracted with 

chloroform, taken to pll 7 and the precipitated solid was collected and 

washed with chloroform and then water. The material was recrystallized 

from absolute ethanol to give the title compound (1'77 g, 537,) as a 

white solid K (F,3) 0-40. The material became bright purple after several

weeks storage. M.p. 248-9 C, V^^. 3480cm"1 S (250 Mil , U jM.-jO) 2-83
H z u

(211, t, PhCH 2 ), 3-38 (0-6H, m, NH), 3'52 (2H, t, NCH ), 4.62 (111, sharp m, 

pyrim 5), 6-70 (0-8H, m , MU)» 7-3 (5H, m, Ar), 10-55 (1'6H, m, Oil). 

& (63 i1H z , D6 I>:i30) 35(t dec-* s, PhCH ), 41*5 (t dec* s, NC1! ? ), 79-5 

(d dec* s, pyrim. 5), 127 (d dec-> s, Vr(4) ), 129 (m dec* d, \r (2,3,5,6)), 

139-5 (s, Ar (1)), 154-5 (s, pyrim 2),' 167 (broad, C-OH), m/z (NH 3 DGI) 

231 (M4", 9TOt 140 (100), 104 (21), 91 (14). Found: G, 61'7; II, 5-6; N,

18-1. C i2 11 l3 N 3°2 requires C, 62'3; H, 5-6; N, 18-2";.

Arginine methyl ester hydrochloride.LXVIII

\ solution of thionyl chloride (21'6 ml) in methanol (100 ml) was

•

prepared cautiously, and cooled to -10 C. Arginine dihydrochloride
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o
(42 g, 200 mmoL), was added, and the solution was warmed to 45 C with

stirring over 1*5 h, and subsequently left for a further IB h. at R.T. 

Removal of the solvent and washing of the residue gave the crude material 

ns a white solid. This was dissolved in 100 ml methanol, and upon 

addition of dry ether (600 ml) gave a crystalline solid (50'8 g, 9870 ). 

This was washed with ether and dried. The analytical data were consistent 

with the literature. '

N - t-Butoxycarbonylarginine methyl ester hydrochloride-LXI X

Arginine methyl ester dihydrochloride (26*1 g, 100 mmol), 

di-t-butyldicarbona te (24 g, 110 mmol) and potassium carbonate (27*6 g, 

200 mmol) were dissolved in 507, aqueous dioxan (500 ml). The reaction was 

stirred for 12h.and during this period the pH remained stable at 7*5. 

\ flocculent white solid which had formed was filtered off, pressed free

of solvent and recrystal lized from water to give, after drying under

o 20 ° 
vacuum, the title compound (12 g, 37%). II. p. 121-3 C, (06). = -11'8

_ i)

(c=3'49, MeOH), 6 (Ci)Cl 3 ), 1'43 (9H, s, (CH^), 1'68, 1-36 (4H, 2Xm, 

/3 & J CH 2 ), 3'18(1H, m, Sen), 3-41 (1H, m, £>CH), 3'75(3H, s, C!1 3 ), 

4'33(1H, m, o,iCH), 5'31(1H, d, NH) . Found C, 44*9; H, 7'6; N, 16'2; 

C I! M 0 . HCl requires C, 44-9; !!, 7-7; N, 17*37..
JL ±- L,^ ^ ^

\\ - t-Bu toxycarbony 1-1* -2-( 3, 5-dihydroxy)-pyrimidy 1-orni thine methyl ester.LXX

o^
N -t-Butoxycarbonylarginine methyl ester hydrochloride (3'25 g,

10 mmol) was dissolved in methanol (50 ml) containing sodium methoxide 

(Na; 0'71 g, 31 mmol). Dimethyl malonate (2'64 g, 20 mmol) was added and 

the reaction was heated under reflux for 0'5 h. and subsequently allowed 

to stand under nitrogen for a further 12 h. The solvent was removed, the 

residue taken up in water (20 ml) and the pU was quickly adjusted to 4
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with 511 hydrochloric acid. The aqueous solution was shaken with 30 ml 

ether, and the volume of ether reduced by rotary evaporation without 

warming to yield a pink crystalline material which recrystallized from

methanol containing a little ether to give a white solid (550 mg, 167.).

o
Rf (E2) 0-6. A trace impurity (R f0'7) could not be removed. M.p. 187-92 C.

6 U (U,UHSO) 1'37 (9H, s, (CH,).) f 1'53 (2H, m, CH,), 1'67 (2!i, m, CH,), 
Ho J J 2 2

3-19 (211, m, C»2 ), 3-64 (3H, s, OCH-j), 3*97 (1H, dist.t, o£CH), 4'59

(1H, s, Pyrim. Gil), 6-65 (1H, v.b, S NH), 7'29 (1H, d, 06CH), 10-36

(211, b, OH), m/z (T'J 19mA) 356 (M+ ), ( FD, 21 mA) 357 (MH+ ) .

2-(2-Phenylethylamino)-5,5-dimethylpyrimidine-4,6-dione.LXXIII

To a solution of 2-phenylethylguanidine hemisulphate (3*18 g, 

15 mmol) in ethanolic sodium ethoxide (100 ml, Na; 1*04 g, 45 mmol) was 

added 2,2-dimethyldiethylmalonate (3'76 g, 20 rnmol), all at once. The 

solution was heated under refluxing conditions during 4 h. in a gentle 

stream of nitrogen. Following removal of the solvent the residue was 

taken up in 50 ml water, and the pil was rapidly adjusted to 7-3 with 

cone. HGl- A white solid crystallized out immediately and was washed 

liberally with water and ether. After drying in vacuo it was 

recrystallized from absolute alcohol and re-dried to give the ti tie 

compound (2'64 g, 687,). .: (z3) 0-65, jn.p. 199-200 C, U-max 3260, 3130,

1720, 1665, 6 (U, DI1SO) 1'26 (6H, s, CH ), 2'87 (2H, t, Ph 3'37 (1H, b, 
HO j

ex, Nil), 3-60 (2H, t, NCH ), 7-27 (511, m, Ar), 10-69 (1H, b, ex, OH),

& (u UI1;;0) 24 (q dec-^s, Gil ), 35 (t dec-»s, PhCH ), 42 (t dec->s NCH ),
Vj O ~J •— ^

47 (s, pyrim 5), 127 (d dec-»s, Ar (4)), 129 (m dec->d, Ar (2,3,5,6)), 

139 (s, Ar (1)), 156 (s,pyrim 2), 177 & 182 (2Xs, CO & COM).

1,1-Cyclobutanedicarboxylie acid dimethyl ester.LXXI

1,J-Cyclobutanedicarboxylic acid (2*88 g, 20 mmol) was dissolved in
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methanol (10 ml). An ethereal solution of diazomethane (alcohol free) was 

added until the yellow colour persisted. Excess diazomethane was 

destroyed with a drop of acetic acid. The resulting solution was 

evaporated to dryness to give the required compound as an oil (3'44 g,

1007.) . 6 H (CUCl 3 ) f 2-10 (211, m, C» 2 >, 2'65 (411, t, C (2 ^H2 ), 3-85 (6!I,

s,

2-( 2-Phenylethy lamino)- 5- spirocyclobuty Ipyrimidine 4,6-dione.LXXIV

The above dimethyl ester (3*27 g, 19 mmol) was dissolved in 

methanolic sodium methoxide (100 ml; Ha; 0«92 g, 40 mmol). 2-Phenylethyl 

guanidine (5*16 g, 20 mmol) was added and the reaction was heated under 

reflux during 40 h under an atmosphere of nitrogen. After cooling, the 

solvent was removed and the residue partitioned between water (30 ml) 

and ether (15 ml). The aqueous layer was quickly adjusted to p!!5 with 

concentrated hydrochloric acid whereupon a white solid was precipitated.

This was washed liberally with water and ether and dried in vacuo to
o 

give the title compound (3-75 g, 73?0 ). A (E6) 0-10. II. p. 190-193 C,

£,,(1X1X150), 2-00 (211, p, GIL), 2'37 (4H, dist. t, 2XCH ) , 2'83 (211, t,
11 D / *-

PhGH ), 3'34 (1H, b, Nil), 3'53 (2H, t, NCH2 ), 7'25 (5U, in, Ph), 

7-44 (1H, b, Oil), 6 (D6 L*-1SO), 16 (t dec-»s, CH2 ), 29 (t dec»s, 2XGGH 2 ), 

35 (t dec->s, PhCIl ), 42 (t dec+s, NCH ) , 49 (s, spiro.G), 126 (d dec* 

s, Ph (4)), 128 (m dec*d, -\r (2,3,5,6)), 139 (s, Ar (1)), 153 ( s , 

pyrim 2), 177& 181 (2X s, CO, COM), m/z (NH 3 XI), 272 (;ill+ , 100:;), 

180 (31), 164 (17), Found C, 64'7; H, 6«5; N, 15'5 c15 n17 N3 02 

requires C, 64'4; H, 6-3; K, 15-57.

1 ,1-Cyclopropanedicarboxy lie acid dimethyl ester. LXXII

The method described for the preparation of the cyclobutyl
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LXXI
compound/was repented on cyclopropanedicarboxy lie acid (2'08 g, 16 mmol).

This yielded the required compound as another colourless oil (2'52 g;

r 143 
•100?.). OH (CUCI ) 1-50 (4H, s, CH 2 ), 3-75 (3H, s, OC» 3 ).

2-( 2-rhenyle thy I ami no) -5-spirocyclopropy Ipyrimidine 4,6-dione.L XXV

2-PhenylethyIguanidine hemisulphate (3*37 g, 16mmol) was dissolved 

in methanolic sodium methoxide (100 ml; Na; 0'74 g, 32 mmol) and the 

above ester (2*52 g, 16 mmol) was added* previously dissolved in a few 

ml of methanol. The reaction was heated under reflux during 20 h. under 

an atmosphere of nitrogen, and the solvent was then evaporated. The 

residue was taken up in 40 ml water and the pll was adjusted quickly to 

5 with dilute HCl« The precipitated solid was collected and found to be 

impure, so it was purified by flash chromatography (C4) l\ f 0*2 and 

recrystallization from methanol. Ijrying in vacuo gave a slightly pink 

solid (1'2 g, 302,).

Il.p. 225-35°(indistinct) V^-1710,1660 cm1 6H ( U6 UHSO), 1'56 (AH, s, 

propyl CH ), 2'«4 (2ll, t, PhCH2 >, 3*56 (2H, t, NCH 2 >, 7'00 (1H, b, 

NH), 7-28 (5II, m, Ar) £ (U^JHSO) 24 (t dec* s, propyl' CH 2 ), 28 ( s , 

spiro G), 35 (t dec-, s, PhCH2 ) 42 (t dec4 s, NGH2 ), 127 (d dec> s, 

Ph(4)), 129 (m dec4 d, Ph(2,3,5,6)), 139 (s, Ph(l)), 158 ( s , pyrim.

C(2)), 172, 178 ( s , s, C=0, C-OH), m/z (Nil. DCI), 258 (;1H+ , 1007,),
• j

257 (il+ , 27), 166 (20). Found C, 64-8; H, 5*9; N,15'7. C1A 1I 1 5 N30 2 

requires C, 65-3; H, 5-8; N,16'37.-

2-(2-Phenylethylamino)-4,6-dihydroxy-5-phenyIpyrimidine. L XX VI

2-rhenyldiethylmalonate (16-5 g, 70 mmol) and 2-phenylethyIguan­ 

idine hemisulphate (3*9 g, 15 mmol) were dissolved in ethanolic
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sodium ethoxide (100 ml; Na, 1*15 g, 50 mmol). The reaction was heated 

under reflux in an atmosphere of dry nitrogen for 12 h. Removal of the 

solvent and addition of water (50 ml) followed by an adjustment of the 

p!I to 6 resulted in the formation of a white solid. This was 

recrys ta llized from ethanol to give the title compound (1*00 g, 227,)

R f (i-2) 0-65. M.p. 210-3°C.

£H (D6 LJM30) 2'84 (211, q, PhCi^), 3-56 (h\\, m, CO-NI1), 4-08 (211, q, CH NH),

7-06-7-54 (10H, m, Ar), 7-41 (1.2/3 H, bs, OH), 10-50 (III, v.b, NH), 6
\^

(D6 ;JMSO) 33-1 (t dec* s, PhCH 2 ), 41'7 (t dec-» s, NCH ), 90-4 (s, pyrim. 5), 

126-3, 128-4, 129-1, 130'4 (m, Ar), 134-6, 139-2 (ipso \r), 151-6 (s, 

pyrim. 2), 160-2, 161'2 (2Xs, C-Oil, C=0). m/z (+ve Ar FAB HCO H), 308 

(ii!I+ 1007J, 105 (78). round C) 7Q. i; ||,5-6; II,13-6. C 18 ' I 17 N 3 0 2 requires

C, 70-4; 11,5-5; :i,13'77.

2,2- Qif luorodiethyImalonn te.LXXXV

Diethylmalonate (20 g, 125 mmol) was added to an ethanolic solution of 

sodium ethoxide (Na, 5-75 g, 250 mmol; 150 ml). The solution was stirred 

vigorously whilst being cooled over an ice bath, and the apparatus was 

evacuated of air. Perchloryl fluoride was admitted above the liquid 

surface in 50 cm lots by means of a gas syringe and teflon tubing. (Fig.7.1)

( EXTKLME CAUTION:- .USX OF ZXPLOjION ). The temperature was maintained
o o

between 10 and 15 C; the absorption of gas was initially very fast, but

slowed considerably after one equivalent of base was consumed. The final 

take-up was 95 lots (approx 22 g, 0-21 mol). The resulting solution was 

poured into water (500 ml) and extracted with a large volume of ether. 

The ethereal solution was washed with water, dried (HgSO ) and evaporated 

without heating to give a mobile liquid. This liquid was distilled under
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reduced pressure, and the distillation fractions were examined by GLC
o

(CM Cl , 2m X 4mm, 37. OV-17, 100 C) • This enabled the required compound

to be identified; the appropriate fractions were combined and purified

by flash chromatography in 470 ether in hexane to give the required
o

material as a colourless liquid (8-6 g, 357.). B-p- 79-81 C (13 mm Hg),

n20 1-3822 (lit. 1-3800), 8 (no solvent) 1*37(311, t, CH-j), 4-44 

(211, q, GIL), 6 (CUC1 3 ) 13-5 (q dec-* s, C!^), 63-6(t dec* s, C!1 2 ), 

101-9, 106-0 110-2 (t, not dec*. J = 31*211 , CL' ), 160-1, 160-6, 161*1
2 £

(t, not dec*.J = 260-8 H , CO), m/z (Extensive G-C-M-S. data recorded, 

numerous very minor products). 196 (M ) 178 ( GIIF(CO CH 2 CH 3 ) 2 , trace), 

160 (HCM, trace).

vacuum<-

Fig.7.1

\ /

syringe

X
\

— smool-h glass 
joint

ice /water
FC10

2-( 2-rheny IP thy lami no)-5, 5-dif luoropyrimidine 4,6-dione. LXX XVIII 

2-rhenylethylguanidine hemisulphate (1'06 g, 5 mmol) was dissolved in 

40 ml of ethanolic sodium ethoxide (Na; 0-25 g, 11 mmol). 2,2- 

Dif luorodiethyImalonate (1*31 g, 6-7 mmol) was quickly added, and the 

solution was heated under reflux in a slow stream of dry nitrogen during 

6 h. The solution was cooled and evaporated to dryness, and the
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resulting sticky solid was taken up in water (15 ml) and quickly adjusted 

to pH 7 with concentrated hydrochloric acid. Addition of ether (20 rnl) 

and vigorous shaking, followed by removal of the bulk of the ether by 

rotary evaporation without heating gave a white solid suspended in the 

aqueous layer. This material was filtered off, washed copiously with 

ether and dried in vacuo to give the title compound (0*62 g, 467,,). R

(•:3) 0-15, m.p. 140-2°C (amorphous material). £ (D.JXl^O) 2'84 (2!1, t,
n t>

FhCH 2 ), 3-40 (211, t, IICH ), 7-30 (5M, m, Ph), 7-77 (0-75!!, b, ilx.N/OH), 

8-34 (0-75H, b, Ex.N/On), 8-79 (0-511 b, lix.N/OH). m/z (NI^DCI, decomp.) 

I-M 267-86 (!i+ , 0-077,) Found C; 50-7, H; 4-9, I!; 14-7. C 12 H 1:1 t; 302 F2 H2° 

requires C; 50*5, 11; 4-6, N; 14'77..

An attempt was made to recrystallize this material from ethanol, but the 

only material recovered was an oil. This was also formed when a solution 

of the pyrimidine in ethanol was allowed to stand at R.T- for a few 

hours. The major component of this oil was a more lipophilic material 

u (i:3) 0*35, but which could not be satisfactorially purified. It 

appeared to be i:-( ethy1-2,2-difluoromalony1)-N -(2-phenylethyl)-guanidine.

S,,(CL<C1,) 1-29(3H, t, GIL), 2;37(2H, t, PhGH _), 3'35(2H, q, NCH ), II j -> ^ L
4-26(211, q, OCII ), 6-2-7-3 (2H, v.b. T :xch. 1JH), 7-23(5:1, m, Ph), 7-67 

(III, m, KM) m/z C:i) 313.

2,2-Uichloromalonic acid.LXXVI

Initially an attempt was made to prepare diethyl-2,2-dichloromal- 

onate by free-rodical chlorination of Jhii using N-chlorosuccinimide,

135according to the method of Buu-!loi and Oesmerseman . The major product is 

the mono-halogenated material which unfortunately could not be separated 

from the desired material by vacuum distillation.
I'D/

,\ modification of the method given by otraus and Kuhnel was more
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successful; Malonic acid (15 g, 145 mmol) was dissolved in a solution of 

sodium hydroxide, to neutrality, and was made up to 100 ml with ice. A 

cold solution of sodium hypochlorite (commercial 137»; 165 ml 280 mmol) 

was diluted to 500 ml and added in one portion. The reaction was allowed 

to warm to room temperature, with stirring, over 8h. After venting the 

apparatus (caution! failure to do so resulted in a fire) the solution 

was extracted with several 200 ml portions of ether. The ethereal solution

was dried and evaporated to an oil. Taking up this oil in chloroform,

o
followed by addition of petrol (13.p.40-60 ) gave the required compound as

O r
needle shaped crystals (2'61 g, 957.) m.p. 114-118 c. O M (i^LjMiO 6011!^) 

13-4 (b, s, Oil)

Dime thy 1-2,2-dichloromnlonate. LXXXVII
from' 

To a solution of diazomethane in ether (Diazald, 23 g) 3g, was
n.

added a solution of the above acid in methanol (40 mg ml" ) until the 

colour was discharged. The solution was filtered and evaporated to an oil 

(2*19 g) which was purified by flash chromatography (^6) to give the

required material (1;85 g, 857. on the above)- 6 (CDCU, 60 HH ) 4'0
H 3 z

(s, OCH 3 ).

Attempted preparation of 2-( 2-Fhenyle,thylainino)-5, 5-dichloropyrimidine- 

4,6-dione.XL

2-PhenylethyIguanidine hemisulphate (2*79 g,. 10*8 mmol) was

dissolved in methanolic sodium methoxide (Na, 0'5 g; 100ml) under nitrogen. 

The nbove ester was added, and the reaction was heated under reflux during 

4h. The reaction was monitored by t.l.c. and stopped as one material 

(E6, ;' 0*50) began to predominate. Uemoval of the solvent and addition of
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water (30 ml), followed quickly by adjustment of the pi! to 3 with HCl 

resulted in the separation of an oil. Addition of a little ether and 

evaporation of this without heating gave a yellow crystalline solid, 

which was filtered off and dissolved in dichloromethane. Urying of the 

solution and partial evaporation gave a white crystalline solid (I'l g). 

However this was not the title compound, but proved to be t.'-phenylethy 1-

N -dichloroacetyl guanidine (37%) m.p. 179-8l°c, £ (!> 'X!30) 2-36 
—————————————————————————. !i 6

(2<I, t, PhCH 2 ), 3-60 (211, q, NCII2 ), G-80 (111, s, CCl^I), 7-29

(511, m, Ar), R-80 (HI, b, tin), 9-20 (2H, s, Nil). 6. 33-8 (t dec*s,
\j

PhCH 2 ), 43-0 (t dec-*s, NC!1 ? ) 66-4 (d dec-»s, CCl H), 126-7 (d dec-»s, 

p-Ph), 128-6 & 129-0 (d of d,dec*d o- & m-Ph), 138-0 (s, i -Ph), 153-0 

(s, guan), 164-8 ( s , CO), m/z (NII 3 !JCI) 276 (687., M+ ), 274 (100 tl+ ) 

240 (28) 222 (28). Fo tmd Cl 28% Cn H 13 N 30 C1 2 requires Cl 26%.

!• thy 1-2, 2-diphenylacetate.LXXVIII

2,2-Oiphenylacetic acid (21*2 g, 100 mmol) was dissolved in ethanol 

(200 ml) and a little benzene (15 ml) was added. 50 ml of the solvent was 

then distilled off and discarded (water present initially is removed in 

the tern ary azeotrope). Dry hydrogen chloride was passed through the 

solution for a few minutes until it was saturated, and it was allowed to 

stand for a further 5 h. Following removal of the solvent the residue was 

dissolved in chloroform (100 ml), washed with sodium hydrogen carbonate 

solution and water, dried (llgSO ) and evaporated to a small volume, 

whereupon it crystallized to give the required compound (23 g, 867,,) • 

Analytical data was consistent with the structure and with the literature 

2,2- tiphenyldiethy lin.tl onn te-LXXI X

\ dispersion of sodium hydride in oil (50",; 5 g) was washed with
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hexane and suspended in dry THF. To this was added a solution of ethyl 

diphenylacetate (12 g, 50 mmol) in THF (50 ml) The mixture was warmed 

(40°C) with stirring under an atmosphere of dry nitrogen during 3 h. 

i:thyl chloroformate (70 ml; excess) was then added and the reaction 

heated under reflux during 2 h. After cooling and removal of the solvent 

the residue was taken up in chloroform and washed with aqueous sodium 

hydrogen carbonate and water. The solvent was again removed and the 

residual oil was distilled, the fraction b.p. 152-6 C (0'5 mbar) was the 

required material (2*16 g, 14A,) as an oil which subsequently solidified. 

M.p. 54-6°C, 6 H(CIJC1 3 ), 1-25 (611,t, CH^, 4-30 (411, q, CH 2 >, 7-40 (10H, 

m, Ph).

Attempted preparation of 2-( 2-pheny lethylamino)-5, 5-dipheny Ipyritnidine 

4,6-dione .

The procedure described for the preparation of the 5,5-dimethyl 

compound was followed, except that initially the materials were only 

heated for a few moments until they dissolved. Very little solid material 

was obtained, and that was impure. It was purified by centrifugally 

accelerated chromatography using E6 as eluent. This gave a white solid 

which was not the title compound, but was found instead to be

tJ-(diphenylacetyl)-N -phenylethylguanidine &M (CUCL-), 2*74 (211, q, CH.), 
——————————————————————————————————————— H J 2

3'58 (211, t, CH2 ), 5-20 (1H, s, CH) 7-0-3 (15H, m, Ar). The material was 

not examined further.

9-FluorenyIcarboxylic acid ethyl ester. LXXXI

9-'/luorenylcarboxy lie acid (4'2 g, 20 mmol) was dissolved in ethanol 

(100 ml) and a little benzene (15 ml). Approx. 50 ml of the solvent was
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then distilled off and discarded. The apparatus was then rearranged and 

the remaining solution heated under refluxing conditions with gentle 

passage of dry hydrogen chloride into the flask. After 2 h. the volatile 

materials were removed under vacuum and the residue oil was dissolved in 

ethyl acetate (100 ml). The organic solution was washed with saturated 

sodium hydrogen carbonate solution (50 ml), water, dried and evaporated 

to an oil. Chromatographic and spectroscopic examination showed it to be
145

the required compound (4-53 g, 957,). free from the acid.

9,9- jiethoxycarbony If luorcne.LXXXII

Reaction of the preceding ester with sodium hydride and then ethyl 

chloroformate, following the same procedure as for the 2,2-diphenylmaIon- 

ate above gave the required material which was recrystallised from 

ethnnol as pale yellow crystals (2-93 g, 527.) m.p. 100-101°C (lit. 99«5°C 

£ (CCl ) I'lO (6!!, t, C!i ), 4-05 (4M, q, OCH ) 7-1-7-7 (3ll, rn, /,r).
11 *4 J £

''ttempted preparation of 2-( 2-Pheny letliy l.imino)-5-spiro 

fluorenyIpyrimidine 4,6-dione

The procedure described for the preparation of the 5,5-dimethyl 

compound was followed, except that initially the materials were only 

heated briefly until they dissolved. 'Following acidification no solid was 

obtained. The material was then chromatographed on silica gel (iieOH/CHCl_

207o) and obtained as an off-white solid, but it could not be obtained 

pure. It appeared from proton n.m.r. to be the product arising from loss 

of one of the ester groups; that is N-fluorenocarbonyl-N -phenylethyl- 

guanidine, and that as a mixture of isomers. 6 (U, -'1-ioO). 2-64, I'll 

(2 '•; t, approx. 2:1, PhCH ), 3-08, 3'32 (2:1, q and obscured, : ),,0 ex. 

to t and t, ;:Ci)CH 7 ), 5*47 (Fluorenyl 9-H), 7-29-7-74 (Ar).



CH'Pr'X B. Preparation of histidy Iphenylalany Larginine and

modifications thereof.
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NG-Nitroarginine. XCII

To a cooled (-20 C) nitrating mixture of fuming nitric acid (40 ml) 

and oleum (25 ml) was added powdered arginine free base, slowly and with 

efficient stirring. The last portion was washed in with sulphuric acid 

(15 ml). The suspension was stirred for 1 h. and then poured onto ice. 

The pH was taken to between 8 and 9 with aqueous ammonia, and then 

returned to around pH 6 with glacial acetic acid. On cooling for 4 h. a 

white precipitate formed; this was filtered off and recrystallized from 

water, washed with ethanol and dried under vacuum to give the required
A """l^l

compound (22 g, 60 7.). M.p. 263°C (lie. 265°C)-[cc^ + 19*3 ( c = 

1-98, 6M HCl). (lit M + 24-l°(c = 1'93, 2N HCl)).

/-*

N -Nitroarginine benzyl ester. 4-toluene sulphonate. XCIII

N -Nitroarginine (10 g, 45*7 mmol) and 4-toluenesulphonic acid (18 g 

105 mmol) were suspended in chloroform (75 ml), and benzyl alcohol (20 ml) 

was added. The mixture was heated to boiling in an azeotroping apparatus 

designed for use with heavy entrainers, (HO : CHCl.,; 2:998 in lower, 

992:8 in upper layer) and allowed to reach equilibrium under refluxing 

conditions during 8 h. The solution was cooled and the solvent evaporated

to give a yellow oil which defied all attempts at immediate solidification.

oIt was covered with ether and held at -30 C for 2 weeks. The ether was

decanted and the solid broken up with a spatula under a mixture of petrol 

and ether. The compound was dried and obtained as the di-tosylate (21 g, 

70 7.). The material is described in the literature as a mono-tosylate. 

M.p. 123-5°C. [°CL + 11'7 ( c = 1*0, pyridine). Found: C, 48-4; H, 5*0;
D 138

N 10-4. Calculated for C 2 7 H35010N5S 2 ; C ' 49 * 5; H ' 5 ' 3 5 N,10*7 7..
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N°^- t-Bu toxy carbony 1 pheny la lanine. XL IV
-—————————————————

This compound was prepared according to the method of Moroder et al. 

Phenylalanine (33'0 g, 200 mmol) was dissolved in 0'5 M ice cold sodium

hydroxide solution (400 ml), and a solution of di-t:-butyldicarbonate 

(43*6 g, 200 mmpl) in dioxan (400 ml) was added. The solution was stirred 

for 0*5 h. and the dioxan was removed by rotary evaporation. The aqueous 

solution was taken cautiously to pH3 with dilute potassium hydrogen 

sulphate solution and extracted with ethyl acetate (2 X 500 ml). The

organic layer was washed with water, dried (Na SO ) and evaporated to a
o 

white solid. This material was recrystallized from ether-40/60 petrol at

-20°C, giving the required material (36*0 g, 68 7.) which was identical
70 O 

with an authentic sample. R£ (E2) 0-70. [ocJ D - 4'17 (c = 5-44, Acetic

acid).[oc]^ g - 4-17° ( c = 1*15, acetic acid).

N -t-Butoxycarbonylpheny lalanine N-hydroxysuccinimide ester. XCV

N -t-Butoxycarbonylphenylalanine (1'327 g, 5 mmol) and N-hydroxysucc­ 

inimide (0*576 g, 5 mmol) were dissolved in dioxan (8 ml) and cooled in 

an ice bath. DCCI (1-031 g, 5 mmol) was dissolved in dioxan (2 ml) and 

added slowly. The reaction was maintained at 4 C during 12 h. After 

warming to RT the dicyclohexylurea was filtered off, washed with dioxan 

and discarded. The combined filtrate and washings were evaporated to a

small volume; liberal addition of ether gave a flocculent white solid

o
which was recrystallized from dichloromethane-30/40 petrol to give the

required compound (0*72 g, 41 7.). The reaction was subsequently repeated 

on the 40 mmol scale (11-9 g, 82 7.). M.p. 150-2°C (lit. 153° C) .[oc]^°

-19-9 (c = 1, dioxan). (lit. -20-3°± 1 (c = 0-76, dioxan)). 6 U (300 MHz,
H

CDC1 3 ); 1-42 (9H, s, (CH 3 ) 3 ), 2'85 (4H, s, CH C^), 3-25 (2H, m, (3 

CH2 ), ^-90 (1H, m.oCGH), 7-32 (5H, m, Ph) .
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N^t-Butoxycarbonylphenylalanyl-N -ni troarginine benzyl ester. XCVI 

A solution of N°^t-butoxycarbonylphenylalanine N-hydroxysuccinimide
/"»

ester (0*362 g, 1 mmol) and N -nitroarginine benzyl ester di-tosylate, 

(0*653 g, 1 mmol) dissolved in a minimum of dioxan (6 ml), was cooled in

an ice bath. Triethylamine (0*28 ml, 1 mmol) was added slowly. The reaction 

was stirred for 48 h. and the dioxan was removed by rotary evaporation. The 

residue was taken up in chloroform (30 ml) and washed with equal portions of 

respectively; water, citric acid (0*5 M), sodium bicarbonate (0*5 M) and

water. Drying (MgSO ) and evaporation of the solvent gave a meringue which

o 
was triturated with 30/40 petrol, ground to a fine powder and dried to give

the title compound as a white powder (0*4 g, 73 7.) • Subsequent preparations 

were performed on a. 10 mmol scale. The preparation was repeated 

successfully using the 2, 4, 5—trichlorophenyl ester, but this route 

offered no advantages. Rr ( E4) 0*45, M.p. 143-6°C, lpc]^° = -32-2° (c = 1*97,
* L)

CI1C1 3 ), 8 {i (CDC1 3 ) 1*66-1*92 (4H, m, Arg CH 2 ), 3*04 (4H, m, /3CH,,), 3*21 

(2H, b, CH 2 ), 4*18 (1H, t, Phe OCCH), 4*37 (1H, bd, OC NH), 4*60 (1H, m, OC 

CU), 5*14 (2H, s, OCH 2 ), 5*27 (1H, bd, oCCH), 6*93 (III, b, NH), 7*25 (10H, 

m, Ar), 7*69 (211, b, Nil), 8*70 (1H, b, NH).

N -t-Butoxycarbonyl-N -benzyloxymethyIhistidyIphenylalany1-N -nitroarginine 

benzyl ester. XCVII

The preceding Eoc-protected dipeptide (1*112 g, 2 mmol) was dissolved 

in cold TFA (15 ml) and was allowed to stir on an ice bath during 0*5 h. 

The TFA was removed and the resulting material was triturated with ice-cold 

ether (80 ml) for 1 h. The ether was decanted and discarded, the residue 

washed with a further portion of ether, then dried briefly under vacuum 

and dissolved in DMF (5ml) to give solution A. 

N -t-Butoxycarbonyl-N -benzyloxymethyl histidine (0*750 g, 2 mmol), H03T
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(0-297 g, 2 mmol) and DCCI (0-413 g, 2 mmol) were dissolved in UtlF (4 ml). 

To this solution was added solution A above, previously adjusted to "pH" 

9*5 by addition of triethylamine. After the reaction was complete (12 h) 

the crystalline precipitate of DCU was filtered off, washed and discarded. 

The filtrate and washings were applied to a 1*3 m column of Sephadex LH20 

swollen and eluted with UMF, and chromatographed. The separation was not 

entirely satisfactory, so a portion of elutant containing all the required 

material and some impurities was re-concentrated and re-applied to the 

column. Appropriate fractions were evaporated to a small volume, and the 

title compound precipitated as a white solid by addition of ether. (841 mg,

°
52 7.). Rf . (XI) 0-80. M.p. 140-4C. [oc -20-11 (c = 0-87, CH OH) . 6H

(D,DMF); 1-31 (9H, s,(CH_).), 1'67 (4H, m, Arg CH ) , 1*91 (2H, m, Arg CH-, 
/ j J i. i i ,

3-30-2*95 (5H, m, OC CH and 2X /3 CH ) , 4-40 (1H, m, OCCH), 4-47 (2H, s, Bzl 

CI! 2 ), 4-73 (III, m, OC CH) , 5-17 (2H, s, PhCl^OCH^, 5-49 ( 2H, m, NCH2 >, 

6-78 (1H, s, Im 4), 6-88 (1H, d, NH), 7-25 (15H, m, Ar) 7-78 (1H, s, Im2), 

8-04 (1H, d, NH), 8-17 (3H, b, guan NH), 8-55 (1H, d, NH) . m/z (NH 3 

DCI), 405 (5 7.), 301 (8), 91 (100); (F.D.), 813 (M+). (Found C; 60-3, 

H; 6-2, N; 15-3, C41 H51N909 requires C; 60-5, H; 6-3, N; 15-5 %) .

N -t-Butoxycarbonyhistidy Iphenyla lanylarginine. XCVIII

The preceding fully protected tripeptide (663 mg, 0-82 mmol) was 

dissolved in 80 7. aqueous acetic acid (40 ml) in which 107. palladium on 

carbon catalyst (250 mg) had been suspended. Hydrogen was passed by means 

of a needle into the vigorously stirred solution, and vented from the 

apparatus. After 20 h. the passage of hydrogen was stopped and the 

suspension centrifuged to give a clear solution which was decanted and 

reduced to a small volume. This material was purified by chroma tography on
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a column (25 mm x 1 m) of Sephadex G10, swollen and eluted with 5 7. aqueous 

acid. Appropriate fractions, whose u.v. absorption were monitored 

automatically, were pooled and freeze-dried to give a hygroscopic solid. The 

handling characteristics were markedly improved by slowly adding a solution 

of the material in DHF to a large excess of rapidly stirred ether; the 

white precipitate was filtered off and dried to give the title compound 

(431 mg, 79 7.) Rf (XI) 0-55. M.p. 172-3°C. M^° -12-1° (c = 0'60, methanol). 

&H (D20) (resolution poor); 1-14 (9H, s, (CH^), 1'36, 1-52, 1'64 (511, 3X 

m, Arg CH2 ), 1-77 (611, s, GH 3C0 2 "), 2-41 (111, s, Arg 6 CH), 2-81, 2'97 (4H, 

bd, /3 CH 2 ), 3-98 (1H, bra, OCQH), 4'16 (1H, bm, OCCH), 4-47 (1H, bm, OCCH), 

4-72 (1H, m, NH), 7-13 (6H, bm, Im4) , 7-74 (1H, s, Ira2). m/z (NH 3 DCI), 587 

(7 7.), 559 (MH+,30), 110 (100). (Found C; 53-2, H; 7-0, N; 16-7, C^H^Ng 

0,. 2CH_CO.H requires C; 53'1, H; 6-8, N; 16-5 7.).
D J L

Histidylphenylalanylarginine. XCI X.

The preceding Boc-protected tripeptide diacetate (250 mg, 0*37 mmol) was 

dissolved in TFA and stirred for 0*5 h. The TFA was evaporated and the 

residue triturated with ether (X2). The ether was decanted and the residue 

dried briefly under vacuum, and then dissolved in a minimum of 25 7. acetic 

acid. The material was applied to an Amberlite IRA45(OH) column (20 x 300 mm), 

which had been previously prepared in its acetate form, and eluted with 25 7. 

acetic acid. Regeneration of the column to remove trif luoroacetate anion was 

done using 1M sodium hydroxide . Appropriate fractions (as judged by t.l.c. 

using the Pauli reagent) were pooled and freeze-dried to give a grey-white 

hygroscopic solid which was triturated with ether and dried under vacuum to 

give the title compound (228 mg, 97 ?„) as its triacetate. R£ (XI) O'lO (Pauli

and cSakaguchi), Rf 0*5 (XI, cellulose UN 300F) M.p. 108-10C. [oc] -4'76 (c = 

0'21, methanol). S H (L>2 0); 1-35 (2H, m, Arg Gil ), 1*58 (3H, m, ArgCH ), 1~77
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(9H, s, CH 3CO "), 2-43 (1H, s, Arg 6 CH), 2-99 (4H, m, /3CH2 ), 3-97 (2H, m, 

OCCH) 4-52 (111, t, His OCCH), 4'73 (1H, b, NH), 6-98 (1H, s, Im4), 7-15 

(5H, m, Ar), 7-95 (1H, s, Im2). m/z, (+ve Ar FAB) 487 (v. small), 459 (MH 

92 7.) 110 (100). (Found C, 47-4; H, 6-8; N, 18-5, C21 H30 N8°4' 3AcOH ' 

2H 0 requires C, 48-0; H, 6*8; N, 16'6 7o).

06 °6 r-y, - t-I'utoxycarbonyl-'.T -i.icthyIphenylnlanine. L .

After several attempts the compound was prepared, using

140 «,
scrupulously dry appnratus> by the method of Denoiton. H -t-butoxycarbon-

o
yIphenylalanine (2*65 g, 10 mmol) was dried under vacuum at 60 C for 5h.

It was dissolved along with dry methyl iodide (5 ml, excess) in TH'7" 

(22 ml), and the solution was cooled over an ice bath and kept under 

nitrogen. Sodium hydride (0*72 g, 30 mmol) as a 50T1 dispersion in oil was 

washed with hexane, suspended in THF (8 ml), and added by means of a 

wide-bore syringe needle to the above solution. The reaction was stirred 

during 20h. After removal of the solvent the excess hydride was destroyed 

with water (100 ml), the aqueous solution was washed with ether (30 ml) 

to remove any methyl ester, then acidified with 1ii citric acid solution 

and extracted into ethyl acetate (2 ',( 50 ml). The organic layer was 

washed with water (50 ml), sodium thiosulphate solution (5"4; 2 X 50 ml), 

and again with water then dried (Ilg30.) and evaporated to a pale yellow 

oil. This was taken up in a little ether, and a slight excess of ICMA in 

ether was added. The precipitate which formed was collected, washed

freely with ether, dissolved in a little hot methanol, and crystallised

o
by addition of hot ether containing a little 40-60 petrol. This gave the

required compound C (3*0 g, 65?a ) v:i th analytical data consistent with the 

literature. Additionally (06)~ 0 - 37-3° (c = 0-845, Cli'J ) .
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;i°^t-Butoxycarbonyl-)! -benzyloxymethy Ihis tidy 1-M -methylpheny lalanyl-N' - 

nitroarginine benzyl ester.Lll.

The above UCHA salt C was released as its free acid (2 mmol) using 

citric acid and taken up in 'JilF (3 ml). Coupling to N J -nitroarginine 

benzyl ester using the 110BT/UCCI method on a 2 mmol scale, followed by a 

routine work-up gave U -t-butoxycarbony 1-N -methylphenylalanyl-;; ""- 

ni troarginine benzyl ester CI as a white solid (900 mg, 797o). This 

material was examined by N.ii.".. before being taken on to the next stage 

(5 (CIJC1 3 ) 2-71, 311, s, HCH 3 ).(60MHZ)

The above dipcptide (530 mg, 1'02 mmol) was deprotected in TFA 

(5 ml; 0*5h). The 1TA was removed and the residue was triturated with 

ether (10 ml); the ether was decanted and the resulting white powder was 

washed again with ether, dried briefly and taken up in M:IF (1 ml). A
fy *Tfroutine coupling by the OCCI/1IOBT method with N - t-butoxycarbony 1-:; - 

benzyloxymethyIhistidinc in jiir (210 mg, 1*02 mmol; 2 ml), followed 

after 24h. by removal of DCU by filtration gave the crude protected 

tripeptide. Chromatography on Sephadex L1I20, eluting with OHF, followed 

by pooling and evaporation of appropriate fractions gave the title 

compound as a white meringue (450 mg, 53"J l\ (i3, cellulose) 0*55.

6 ;[ (C:JC1 3 ), 1'42 (911, s, (CH3 ) ), 1-69 (411, m, Ar5 CI! ), 1'82 

(211, m Arg CH 2 >, 2*^1 (311, s, NCH-j), 3/14, 3'22 (211, m, /3CU2 ), 4'50 

(211, s, OCII2 ), 5-14 (211, s, KGH 2 ), 5'37 (211, q, CO ? CH2 >, 6-52 (III, b, 

till), 6*78 (111, s, Im4), 7'31 (1511, m, Ar), 7'46 (111, s, Im 2), m/z 

(r.U. 25 mA), «23 (;i!I+ ), 7-33, 766.

Ilistidyl-M -methylphcny lalnnylnrginine. CIII.

The preceding fully protected tripeptide (200 mg, 0-24 mmol) was
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dissolved in acetic acid ("07, aq) and hydrogenolysed using 107. I'd/c (100 

mg) during 24h. The solution was filtered through celite to remove 

catalyst, evaporated to a residue and re-dissolved in a little 207. acetic 

acid. This solution was chromatographed on a column of Sephadex GlO 

swollen and cluted with 57. acetic acid. Appropriate fractions, II (1,2) 

0*05, (M) 0'60 v;cre selected on the basis of their u.v. absorption and 

optical rotation profiles. These were pooled and evaporated to give the

Doc-protected material (100 mg 757.). This material was treated with TFA
o

(4 ml) at 0 C for 0*5h. Evaporation of the TFA and trituration with

ether gave a pink material, which was dissolved in a minimum of 25%

acetic acid and chroma tographed on a column of Amber lite I!!A 45 Oil which 

had been previously equilibrated to its acetate form. Appropriate 

fractions were lyophilised, and the resulting solid was triturated with 

ether and dried in vacuo to give the title compound as a buff powder (140 

rng, 71-J. !; f (XI, cellulose) 0-40, m.p. 65-71 C, S {{ (0& M'M) 1'40, 1'55 

(411, m, 2 :: Arg CH 2 >, l'3l (911, bs, C!! 3 C0 2 "), 2'37 (211, b, Arg & CH 2 ), 

2-82 (2!!, m, /3CII2 ), 2'92 (3M, s, NCH 3 ), 3-05 (2H, m, /3CI1 2 ), 3-85 (III, 

q, (XCII), 4-1 (no int., bs,O6C!land 1KT)), 4*21 (III, t,O6C!l), 6-54(111, 

s, Ira 4), 7-21 (5!1, m, Fh), 7-54 (111, s, Im 2), 8-0 (3H, v.b, till), 9'1 

(111, v.b, Oil). Found: C, 43-2; II, 7'2; M, 17 •!';;, m/z (F.U.) 473 (i:U+ ). 

C 11 N 0 0 . 3CH,CO U.2'23 II 0 requires C, 48-5; II, 7-0; N, 16-2 %.
t-tJ^l'-'M1 j L. £•

H -t-ButoxycarbonyIphenylalanylazinomethane.C IV.

06
N _t-SutoxycarbonyIphenylalanine (6*63 g, 25 mmol) and

triethylamine (3'5 ml, 25 mmol) were dissolved in dry ether (50 ml).

o
The solution was cooled to -5 C and ethyl chloroformate (2*4 ml, 25 mmol)

was added. After 5 min. the solution was transferred by cannula to 

another flask, and the residue of triethylammonium chloride was washed
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with a little ether and discarded. To the filtrate and washings was added 

a dry, alcohol-free ethereal solution of diazomethane (prepared from 22 g 

"Uiazald" precursor) at 5 C. The solution was stirred during 20 h. at 

this temperature. Following removal of the solvent the residue was taken 

up in ethyl acetate and washed with a solution of sodium hydrogen 

carbonate and then water. Removal of the ethyl acetate gave a yellow oil. 

A small aliquot was purified by conventional silica chromatography on a 

pre-packed column, 11 (i^3) 0'55. The fraction containing the purest 

material crystallised spontaneously, and was used to initiate 

crystallisation in the bulk sample. The resulting solid was separated

from the mother-liquor and recrystallised from hexane to give the title

o o 20compound as yellow needles (5-1 g, 707.) , m.p. 97-9 C (lit. 69-70 r), (06)

H- 13-9(c = 0'95 CHClJ, no lit. LL (CHClJ 3415, 2110, 1710 (urethane),3 / max J

1640 (keto), £If (CDCl,); l'42(9!l, s, (CM,),), 3-04(211, d, /3dL), 4-44
11 J J J / £.

(III, m, 06CH), 5-13(lM, d, K',1), 5-24(1;!, bs, CH = ?)), 7-25 (5il, in, Ph),

m/z (UH HCI), 409 (23 % unknown), 290 (M!!+ 100), 206 (30), Found: C,

62'6; H, 6'<°.; II, 14'8. Gale, for C!IN0 ; C,62'3; H,6'6; I.', 14 '5",;

N - t-Butoxycarbony l-/3-homopheny la lanine.CVI.

v small quantity of silver benzoate was prepared from benzoic acid

141and silver nitrate in accordance with the literature method.

(VN -t-ButoxycarbonyIphenylalanylazinomethane (0*87 g, 3 minol), was
146

dissolved in "super-dry" methanol (4 ml) and a few drops of a solution 

prepared from fresh silver benzoate (0*1 g) and triethylamine (1 ml) 

were added. Evolution of nitrogen began immediately, and the reaction \;as 

stirred at RT during 3h, \ little activated charcoal was added, and the 

solution was filtered and evaporated to a residue uhich was taken up in
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ethyl acetate (10 m')> washed several times with water, dried and 

evaporated to an oil. I'.,. ( r,6) 0*65 (0*46g, 1*57 mmol; 52/J- The methyl 

ester, CV, was dissolved in methanol (10 ml) and hydrolysed over a period 

of 4h. with sodium hydroxide solution (111; 3 ml). The solution was 

adjusted to p!l7 with dilute hydrochloric acid, reduced to a small volume 

and partitioned between ethyl acetate and saturated sodium hydrogen 

carbonate solution. The aqueous layer was separated, acidified to p!I4 

(HCl) and extracted into fresh ethyl acetate. This new organic layer was 

washed with water, dried and evaporated to a white residue which v:as

recrysta llised from hexnne to give the required compound (0*32 g, 737,,),
o 70 o r m.p. 67-« C, (<X) D - 14-3 ( c = 1*025, ..iiF), 0 (C'JClJ* l'&0 (9H, s, (GIL)

3 ), 2'65 (211, in, <X C'\ 2 ~), 3-05 (211, m, J C!I 2 ), 4-30 (1!!, m, /3 Gil), 5'30 

(111, b, ::<!), 7'35 (511, m, Ph), 9'25 (III, bs, OH), m/z 280 (;il!+ 24%), 

224 (79), ICO (100).

;; - t-Rutoxy car bony l-|3-homop'neny la lanine- r :-hydroxysuccinimide es ter.C VII ,

H -_t_-3utoxycarbonyl-/3-homopheny lalanine (350 mg, 1*25 mmol) and 

N-hydroxysuccinimide (140 mg, 1*25 mmol) were dissolved in dioxan (3 ml),

and a cooled solution of iJCCI (260 mg, 1*25 mmol) in. dioxan (2 ml) was
oadded. The solution was stirred at 4 C for 12 h. The precipitated i)CU

was filtered off and washed with dioxan, and the combined solution and 

washings were evaporated to dryness. Addition of chloroform dissolved the 

bulk of the material; this solution was filtered, and upon addition of a 

little hexnne the compound crystallised as needles. These were washed uith

ether and dried in vacuo to give the title compound (200 mg, 43'0 ), m.p.

•123-9°C, 6,,(C JC1 3 ), 1*42 (911, s, (CU,^), 2-27 (211, d, Cli^, 2'<°'0, 

2-94 (21!, in, ^ C!lJ, 2'87 (411, s, -CUC^C^CU-), 3-74 (II!, d of d, /3 C'.l),
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5-10 (1H, bd, Nil), 7*29 (511, m, Ph)-

Ills tidy 1-/3-homo pheny la lany larginine.C XI.

Having obtained the protected and activated amino-acid derivative 

described above, the synthesis from then on paralleled closely that of 

II HisPheArgOH already described. Hence it is presented in condensed form.

a). Coupling to II \rg(NO )OBzl (261-2 mg, 0-4 mol)

This proceeded in good yield in dioxan. Following a conventional

work up, t-butoxycarbonyl-/3-homophenylalany 1-N -ni troarginine benzyl

o 20 oester CVIII was obtained as a white solid. M.p. 154-6 C, (Od) i -12*30

(c = 1-07, C1IC1,), £ (CJCl,) 1*34 (9M, s, (CH,).), 1'62 (411, m, ArgCIL) j il j j j l.
1*88 (211, m, ArgCH ? ), 2*39 and 2*53 (2H, oct.,J"CII ) 2*82 (2H, m, 06C!I ), 

3*23 (1H, m, <*CII), 3*43 (III, bm, p CM), 4*14 (111, b, rill), 4*60 (111, b, 

KM), 5*17 (211, s, OC:I 0 ), 6-93 (111, d, ^H), 7*3 (10H, m, Ar), 7*73 (211, b, 

guan. NH). (535'S mg, 94",;

b). Coupling to Boc His (71 Bom)01I. (0*2 rnmol)

Jeprotection of CVIII and coupling by the JCCI method proceeded in

reasonable yield to give, after gel permeation chromatography on .Sephadex

I.H20/11F, _t_-butoxycnrbonyl-N' -benzyloxymethyl histidyl-/2-homophenylalany 1-
f ^ Or :;'-ni tro-irginine benzyl ester CIX. II.p. 65-70 C (non-crystalline) o

(C^C1 3 ), 1-40 (91!, s, (C:i 3 ) 3 ), 1*56, 1*70, 1*^5 (411, m, Arg C!^), 2*31 

(211, d, Ar G 6 C1I 2 ), 2*68 (211, m, O6C11,), 2'80 (211, m, fBdl^on His), 3-05 

(4!1, m, ^ CH 2 and ft C1I), 4-53 (211, s, CC^CH,,-), 5*13 (211, q, ThCI^O), 5*33 

(2'1, s, ;;ai 2 ), 5*61 (111, d, m), 6*90 (1H, s, 1m 5), 7*2 (15H, m, Ar),

7-74 (III, s, Im 2), 7*91 (111, bm, guan. Nil). m/z (+ve Ar K\!3). 8?8 (2?.) 

782 (3), 230 (2), 91 (100). (761 ng, 72.-0 )

c). The fully protected tripeptide CIX was hydrogenolysed in °0 V, acetic
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acid using 107. Pd on carbon as catalyst, and subsequently chroma tographed 

on Sephadex G10 using 57. acetic acid as eluent. Pooling of appropriate 

fractions followed by evaporation gave _t-butoxycarbonylhistidyl-/3- 

homophenylalanylarginine C\. This was treated with trifluoroacetic acid 

to give the fully deprotected tripeptide as its trifluoroacetate. This 

material was chromatographed on an Amberlite ion-exchange column giving, 

after evaporation of appropriate fractions, the title compound Mistidyl- 

^3-homophenylalanylarginine C\I as its triacetate. M.p. 54-53 ( v . hyg).

,l f (XI, cellulose) 0*35 (Jak. and Pauli + ve). &. (U.O) 1'47, 1-63 1 H 2
(411, m, p and tf CM., on Arg), 1'73 (9H, s, CH 3 CU 2 "), 2-39 (211, m, 8 CM

\rg), 2'75 (4H, m, /3 C1I 2 and OdCII2 on His), 3'00 (2M, t, 2fcH 7 ), 3'90 

(!'!, m, /3 CM), 3-95 (1H, m, #CM), 4'03 (111, d of d Oi CII), 4-32 (111, b, 

NH), 7-05, 6'99 (1!I, 2 X s, Ira 4 and Im +4), 7-13 (5H, m, Ar) 8-24, ««3S 

(111, 2X s, Im 2 and Im +2). Found C; 50-1, H; 7-2, N; 15-8, 

C,,H NgO^S.AcOll 1.11,0 requires C; 50-2, !I; 6-9, N; 16-7% 

(165 mg, 67,".)

ft -t-Butoxy car bony Icyc lohexy la lanine. C XII.

fl-Cyclohexylalanine hydrochloride (2*08 g, 10 mmol), which had 

been prepared previously by exhaustive hydrogenation of phenylalanine, 

was dissolved in cooled sodium hydroxide solution (lil; 21 ml, 2 mmol). A 

solution of di-t-butyl dicarbonate (2*40 g, 11 mmol) in dioxan (30 ml) 

was added slowly, and the mixture was stirred at LIT during 2h. Following 

evaporation of the solvents, the residue was taken up in ethyl acetate 

and washed v;i th potassium hydrogen sulphate solution (211) and water, 

frying and evaporation of the organic layer gave the required product as 

an oil which could not be obtained as a solid, (2*37 3, 377,). ;;„ (i;3)
L

0«65,(04) *° - 9'85°(c = 4-26, AcUH), 6 (C-.Cl-j 0-93 (21!, m, Cyclo (4)
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CM ), 1-23 (411, m, Cyd.o (3,5) C1I,), 1-47 (911, s, (Cll^), 1-60 (411, m, 

Cyclo (2,6) CM ), l'-l (HU cl, Cyclo (1) CH) , 4*34 (I'.I, q, 06C1I), 4'80 

(HI, d, Nil)

06 7L c
i - t-''u to::ycarbony I-?.' -benzyloxymnthy Ihi s tidy Icyclohexy !a Irnyl-M J -

ni tronrgininc ben?,yl ester. CXIV.

06 G 
I.' -_t^butoxy car bony Icyclohexy lalanine v;as coupled to !! -nitroargin-

ine benzyl ester di-tosylatc by the HOBT/uCCI method (i;t N; iilF; 15 mmol 

scale). Following a work-up involving successive washings v:ith 100 ml

portions of citric acid, saturated sodium hydrogen carbonate solution,

O< G 
and water, N -t-butoxycarbony Icyclohexy lalanyl-M -ni troarginine benzyl

ester CX1II was obtained. This material was sufficiently pure for use
0"

in the next step. (4-9 g, 60?;), m.p. 73-80 C-

The above Boc-protected dipeptide (2*19 g, 4mmol), v:as dissolved in

o
dichloromethane (5 ml) at 0 C, and treated with TF-V (5 ml) for 0*5h.

Evaporation of the solvent and trituration with ether gave the

deprotected material which was taken up in I); IF (5 ml) and adjusted to

06 Tt-
"p!l" 9*5 with trie thy lamine. II -_t_-Dutoxycarbony 1-M -benzy loxymethylhist-

idine (1'50 g, 4 mmol), HOST (0-55 g, 4-1 mmol) and DCCI (0-83 g, 4'05
o

mmol) were dissolved in J1F (7 ml) and added to the above solution at 0 G

After 12h. the solution was filtered .and evaporated to a residue which 

was taken up in chloroform and washed with successive portions of citric 

acid solution, saturated sodium hydrogen carbonate and water. 

'Evaporation of the solvent gave a solid which was triturated with ether 

and dried in vacuo to give the title compound C'LIV as a buff powder 

(2-42 g, 74;,), m.p. 144-7°C &M (GOCl,) 0-B? (2',I, m, Cyclo (4) C!^), 1-16 

(lOil, b-m, Cyclo Cll n and Arg CI! 7 ), 1*93 (111, m, Cyclo Cll) , 2'46 (2H, b,
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NU), 3'10 and 3-33 (411, m, 2 X/3CH 2 >, 4'21 (1H, m, 06CII), 4-45 (Hi, m, 

<*CH), 4-53 (111, m, 06C1I), 4-61 (2il, s, Ph CH2 OCH2 ), 5-17 (211, q, C0 2 C!I2 

-), 5-35 (2H, m, HCH ), 5-57 (111, d, Nil), 6-82 (1H, s, Ira 5), 7'34 (10H, 

m, Ar), 7-59 (III, s, Im 2), 7-75 (III, b, Nil), 8-53 (HI, b, Nil), m/z (F.D.)

820 (M!I+ ) 776, 759,

His tidylcy lohexylnlonylarginine.CXV.

The above fully protected tripeptide CXIV (1 mmol, 820 mg) was 

dissolved in 807. acetic acid (20 ml) and hydrogenolysed during 60h. The 

catalyst was then removed by filtration through celite, and the solution 

was evaporated to a residue which was taken up in dichloromethane (5 ml) 

and treated with TFA (5 ml) during Ih. The solution was evaporated and 

the residue was dissolved in a minimum of 57. acetic acid and 

chroma tographed on a column of Sephadex G10, eluting with the same

solvent. Appropriate fractions were pooled and lyophilised to give the

o
title compound as a buff powder (110 mg, 427.) m.p. 120-130 (dec.).

(ot) 21 = - 5-21°(c = 0'49, H 2C), R f (Xl, cellulose) 0-25, ^(l^lilSO), 

0-86 (211, m, Cyclo CH 2 ), 1'12(4H, m, CycloCH^, 1-49, 1*63, (1111, 

cyclo CH and Cll, Arg CM ) , 2-38 (small, s, trace of CH 3 CC> 2 ~), 3-08 

(4H, m, /3 CH2 ), 3'53(5H, v.b, NH), 4-05(lH, m, 06CH), 4-17(lH, m,OdCH), 

4'33 (IH, q, 06 CH), 7*02(111, s, Im4), 7'27(3H, v.b, guan IW), 7'66(1H, 

v.b. guan Nil), 7-84(111, s, ImZ) , 8«67(1H, d, NH), Found C; 40*9, H; 5'8, 

N; 15*1 C21 1I Ng04 .2CF3 C02 H.2H2 0 requires C; 41-2, H; 5-9, N; 15*4 7,

)), L-': -t-Butoxy car bony Iphenylglycine.CXVI -

'j,L-Phenylglycine (1*51 g, 10 mmol) was dissolved in sodium 

hydroxide solution (lil; 10 ml), and cooled over an ice bath. Ui-t-butyl- 

dicarbonate (2*40 g, 11 mmol) was then added, and the solution was
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allowed to stand for 12h. Following removal of the solvents, the residue 

was taken up in ethyl acetate and extracted into saturated sodium 

hydrogen carbonate solution. The acid was then liberated from its sodium 

salt by acidification (KH30,, sat., to pH4) and extracted into ethyl 

acetate. Drying (HgSO ) and evaporation of this solution gave an oil 

which crystallized upon standing to give the required compound, (2*5 g, 

99%), m.p. 110-3°C, S H(CDC1 3 ), 1-21(911, s, (CH^), 5-14(111, d, O6CH), 

7*41(511, m, Ph), 8*11(1H, d,NH), 9*78(1M, v.b. OH).

,;L,LL-N -t-Butoxycarbonylphenylglycy 1-N -nitroarginine benzyl ester. CXVIL

G N -nitroarginine benzyl ester ditosylate (3*26 g, 5 mmol) was

dissolved in UMF (6 ml) and the "pH" was adjusted to between 9 and 9-5

oc
with triethy lamine, to give solution A. L),L-N -t-butoxycarbony Iphenyl-

glycine (1*22 g, 5 mmol), IIOBT (0^74 g, 5*5 mmol) and DCCI (1-04 g, 5-05 

mmol) were dissolved in IJIF (5 ml), and to this solution, cooled to 0 C, 

was added solution A. The reaction was stirred at II. T- during 12h. After 

removal of the solvent the residue was taken up in dichloromethane and 

washed successively with citric acid (1M) sat. sodium bicarbonate and 

water. Drying and evaporation of the solution gave a solid in which 

several materials were evident. Flash chroma tography (hexane, ethyl 

acetate, 1:3) gave the mixture of diasfcerioisomers (0-88 g, 327.), as two 

closely running spots of apparently equal intensity il f (as above) O'lO, 

0*15. 8 |I (CJC1 3 , mixture) 1*41(1811, bs, 2X(CH 3 ) 3 ), 1-60(411, m, 2X JfciL), 

l'72(2il, m, 1 of 6 CII •), 1-88(411, m, 2X 3 CH>, 3-14(2H, m, 1 of S C\\

7), 3-30 and 3-46(211, m, 06 CH), 4-62(4H, m, 2X PhCU ) , 5*10(1H, d, 1 of 

rgl OtCH), 5-17(lH, d, 1 X Pgl OdCIl), 5-66(211, b, Nil,), 7-34(2011, m, Ar), 

7-52(4H, vbm, guan. t>"H)» 8*58(2H, b, guan. NH) .
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L')L,!.LL-N -t-Butoxycarbonyl-N -benzy loxymethy 1 histidy Ipheny Ig lycy 1-N - 

nitroarginine benzyl ester.C XVIII.

The preceding pair of dipeptides (450 mg, 0*83 mmol), was dissolved 

in TFA (10 m U and stirred at 0 C during Ih. 'Evaporation of the reagent 

and trituration with ether gave the deprotected material which was taken

up in a little DIIF (3 ml) and adjusted to "pH" 9 with triethylamine to
ex/ TC 

give solution A.. N -t-3utoxycarbony 1-N -benzyloxymethylhistidine (310 mg,

0-83 mmol), HOST (115 mg, 0-85 mmol) and ijCCI (175 mg, 0-85 mmol) were 

dissolved in biiF (3 ml), to which was added solution A, at 0 C- The 

reaction was stirred at '.IT during 2 days. The crystalline precipitate of 

DCU was removed by filtration and washed with a little UMF. The 

combined filtrate and washings were evaporated to a small volume and 

applied to a column of Sephadex LH20, swollen and eluted with uMF. 

Appropriate fractions were pooled and evaporated, and the residue was 

triturated with ether and dried in vacuo to give the title material as a

yellow powder, (636 mg, 95?.). il.p. 110-5 C, 5,,(CDCl-), 1-40, l-46(lSn,
H j

2 X s, (CH 3 ) 3 ), 1-53, 1-68, 1-99(1211, m, Arg CH^s), 3-06(4H, m, 

4-43(4H, s, CO CH ) 4-58(2H, m, C6CH), 4-71(lH, m, (XCH), 5-10(2!I, in of d, 

Pgl 06 CH), 5*17(4H, m, PhCl^O), 5'44(4H, m, NCH 2 ) t 5-71(2H, bm; 1^0 ex, 

Nil), 6-78(111, s , Im4), 6-86(lH, s, Im4), 7-28(30H, m, Ar), 7-58(111, bs, 

2 X Im2), m/z (+ve Ar i-'AB), 800(MH+ , 1007.), 754(50) 737(10).

L'jL,I.LL-!listidy Ipheny Ig lycy largininc.CX X.

The preceding fully protected tripeptide (400 mg, 0-5 mmol) was 

dissolved in acetic acid (807.; 20 ml), and hydrogenolysed during 6h in 

the presence of 1070 Pd on carbon (300 mg). The catalyst was removed by 

fitration through Celite, and following concentration of the solution
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the residue was passed down a column of Sephadex GlO, swollen and 

eluted with 57. acetic acid.Appropriate fractions were pooled and 

iyophilised, to give LDL, LLL-N -t-butoxycarbonyIhistidyIphenyIglycy1- 

nrginine, CXIX, as a white powder, (250 mg, 927.)- 0 (DO, mixture), 1*15 

(I8;i, 2 X s, 2 X(CH 3 ) 3 ), 1*40 (411, m, 2 X #CII2 ), 1-53(2H, m, 2 X 1 of 

£ C!I 2 ), 1-62(4H, m, ft CII 2 ), 1'78(18|I, s, CH3C02 ~), 2'76(2ll, m, 2 X 1 of

5 CII 2 ), 2-95(411, m, His ^3CH2 ), 3-99(2H, "q", 2 XO6CU), 4-22(211, q, 2 X

06 CM), 5-27(211, bs, 2 X Pgl O6CU), 6-97(lH, s, Im4), 7-07(lH, s, Im4), 

7-13-7-23(1011, m, Ph), 8-26(111, s, Im2), 8-39(lH, s, Im2), m/z (+ve Ar 

FAB) 545 (MH ). This Boc-protected tripeptide (182 mg, 0-3 mmol), was 

treated as before with trifluoroacetic acid and then purified by 

chromatography on an Amberlite lilA 45 OAc column. The material was 

freeze dried twice to give the title compound, GXX (129 mg, 767.). '.\-
0 £

(,\1, cellulose); 0*30 (diastereoisomers not resolved) m.p. 164-8 c, o

(D. JilJO), 1-31(211, m, Arg Gil.), 1-54(4H, m, Arg CHj, 1-67, 1'76(2 X o 2. -

2H, m, Arg n C!I2 ), 2-37(2H, q - s with D2 0, 6 CH2 >, 3-11, 3-19(411, m, 

His/3CH ), 4-14(111, m, 06 Gil), 4-27(2!l, m, OtCH), 4»37(1H, t, OCCI1), 

5-54(111, d, PglOdGH), 5-67(111, d, Pgl 06CH), 7-32(1211, m, 2 X Im4 and 

Ar), 7-68(2H, b, guan KH), 7-76(l!I, t, NH), 7-89(lH, t, NH), 3-48(411, 

vb, guan ;J:i), 8-76(111, d, KH), 8-82(111, s, Im2), 8-87(l!f, d, NH), 8-90 

(III, s, Im2), 9-03(l!l, d, NH), 9-27(111, d, HH), all Nil's exchanged by 

DO, m/z (+ ve Ar FAB) 445(iMll+52%), 110(100).

Urocany Ipheny Inlnnyl-N -ni troarginine benzyl ester. CXXI.

Urocanic acid, (4-imidazoleacrylic acid; 138 mg, 1 mmol), IIODT 

(135 mg, 1 mmol) and DCCI (206 mg, 1 mmol) were dissolved in U'lF (3 ml) 

and cooled over an ice bath. To this solution was added 11 Phe Arj (i!0 )
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OBzl (1 mmol) in illF (2 ml), adjusted to pH 9-9*5 with triethylamine. 

This had been previously prepared from XCVI in the usual manner. The 

reaction was allowed to proceed at RT during 40h., the precipitated 

DCU was removed by filtration and the solution was evaporated to a small 

volume. This material was passed down a column of Sephadex LI120, swollen 

and eluted with DMF. Appropriate fractions were pooled and evaporated. 

The residue was triturated with ether, the ether was decanted and the 

residue was dissolved in methanol, filtered and evaporated to give the 

title compound as an amorphous solid, (468 mg, 8Q7o) • K f (XI, cellulose) 

0*7-0-9, m.p. 80-85 , S (U COD), 1-63, 1'76, 1-92(6H, 3X m, Arg CH ), 

3-03(211, oct, ft CH2 ), 4*50(111, q, 06CH), 4-74(lH, q, 06CH2 ), 5-15(211, s, 

OCH2 ), 6-50(111, d; J = 35!^, CH =), 7*31(10/1111?, m, Ar + Im4?), 7*45(111,

d; J = 1511 , CH =), 7-74(111, s, Im2), m/z (+ve Ar FAB) 663, 600, 577 z

Cl!I f). Found C, 55-8; M, 6-0; >I, 19-4. C^gll-^NgO . MeOH requires C, 

57-2; H, 5-9; M, 10-47.. (Urocanic acid, >; (0£0) 6-40, 6-70 (d), 7-50, 

7-75 (d), 7-95 (s, Im2 + Im4), 9-00 (s, OH). ).

do s-, \mino-histidylpheny Lalanylarginine.C XXII.

The above protected compound CXXI, (108 mg, 1*8 mmol) was 

dissolved in acetic acid (80%; 10 ml) and hydrogenolysed/hydrogenated in 

a stream of hydrogen gas, in the presence of 107. Pd on carbon (100 mg) 

during lOh. The catalyst was removed by filtration, the filtrate was 

reduced to a small volume and chromatographed on a column of oephadex 

GlO, eluting with 570 acetic acid. Appropriate fractions were pooled and

lyophilised to give the title compound as its diacetate (56 mg 43,',,).

?0 o l\ f (XI) 0-70, (ot)- + 5-92 (c = 0*355, acetic acid), 5.^ (ii.; 0) 1'37,

1*53, 1-64(6H, 3X m, Arg C!^), 1-74(6H, s, CU^CO^), 2-41, 2-71(411,
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2 X m, ImCH 2 CH2 CO), 3-00(211, t, ^ CH2 Phe) 3'99(1H, q, O6 CH), 4-43 

(1H, m, 06CH), 6-74(lH, s, Im4), 7'10(5H, m, Ph), 8-27(1!!, s, Im2) 

m/z (+ve Ar FAB) 443 (Mll+ ). Found C, 48-2; !1, 6-7; H, 17-1. 

C H- N-0 , 2AcOH. 3H 0 requires C, 48-6; H, 7-0; 11, 15-97..

Attempted preparation of a protected /3-homohistidine.

O6 TT
N -Benzyloxycarbonyl-N -_t-butoxyme thy Ihistidine XI (100 mg, 

0-27 mmol) was suspended in dry dichloromethane (4 ml) and was 

dissolved on addition of triethylamine (38 Itl, 0-27 mmol). iledistilled

ethyl chloroformate (26 Ul, 0-27 mmol) was then added slowly over 1 min.,
o

maintaining the temperature at -5 C with an ice/salt bath. The

triethylamine hydrochloride produced remained in solution, and could not 

therefore be filtered off as desired. Excess ethereal diazomethane 

solution (1*4 mmol), free from alcohols and water, was then added until 

the solution remained bright yellow. The reaction mixture was left 

stirring overnight, under nitrogen. The solution was then washed with 

sodium hydrogen carbonate solution, and water, dried and evaporated to a 

yellow oil. Examination by TLG (£4) showed one major spot ?x f 0-8 and 

several minor ones. Flash chromatography (^6) gave 30 mg of this

material, which could not be identified with certainty- m/z 43" (27.)

oL It- 
and 404 (44J0 ) indicated it might well be N -benzy loxycarbonyl-N1 -t-

butoxymethyIhistidine methoxymethy1 ketone (m.w. 403) perhaps derived 

from the chloromethyl ketone. I.r. 3440, 2980, 1725, 1185 indicated 

none of the expected azinomethane was present.

N -Fhthaloyl-:i -benzyloxymethyIhistidine (405 mg, 1 mmol) was 

dissolved in freshly dried dichloromethane, under nitrogen. :thyl 

chloroformate (150 U,L, 1-05 mmol) was added slowly, followed by
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triethylamine (140 u,l, 1*00 mmol). The mixture was allov;ed to stand for 

a few minutes, and then a solution of diazomethane in dry ether was 

added to excess. The reaction was allowed to stand at KT during 12h. 

Triethylammonium chloride was removed by filtration; evaporation of the 

solvent gave a yellow oil. T-l.c. examination of this material showed

numerous compounds to be present. Chromatography in 107, methanol in

ether (3 principle spots, .\'s 0*67, 0*56, 0*23), performed using a

Chroma totron , showed that the only significant material was that of

06 jc 
R, 0'67, an oil which appeared to be N -phthaloyl-N -benzyloxymethyl-

histidine ethyl ester C'-'XIII, I.r. 1730 cm" 1 8 (CDCl ) 1'20(3H, t, CH ), 

3'59(2H, m, /3CH 2 ), 4'20(2H, q of d, CH2 CI1 3 ), 4'45(2H, d of d, 7'SH.,, Ph 

:H2 ), 5'17(1H, q, 06CH). 5*30(2H, q, N CH2 ), 6'71(1H, s, Im4), 7'30(5H,

, \r), 7«40(1H, s, Im2), 7«72(4H, d of m, Pth), m/z (El) 434 (nil'*", 57), 

404 (58), 314 (18) 91 (100).

CH

m
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