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ABSTRACT

The nitrosation of the terminal amino group of peptides and 

amino acids, and the properties and synthesis of diazopeptides 

are reviewed and discussed in relation to human cancer.

The nitrosation of glycine and L-alanylglycine using low

nitrite relative to peptide concentration and in the presence of

chloride ions, is examined from mechanistic standpoint. Kinetic

studies show that the dependence on nitrite and the substrate is

first order over the range of nitrite concentrations studied 
- 2 - 5(10 - 10 M) in the presence of chloride ions. Nitrosation of

several peptides under similar conditions to those described 

above show that rates of nitrosation correlate well with the 

basicity of the peptides.

The major products from the nitrosation of glycine are 

glycolic acid and chloroglycine, resulting from the acid- 

catalysed nucleophilic decomposition of the intermediate diazo 

compound.

The syntheses of several novel diazopeptides are described. 

The stabilities and mechanisms of decomposition of diazopeptides 

in aqueous solution are reported. In general diazopeptides 

derived from glycyl peptides are more stable and decompose via an 

A-2 pathway. The more reactive diazopeptides derive from alkyl 

substituted glycyl peptides and decompose via an A-S^2 reaction 

pathway.

Diazopeptide stability in two phase systems is examined.

The results show that the more lipophilic diazopeptides are 

stabilised to a greater extent by the organic solvent than the 

simpler diazopeptides derived from glycyl peptides. The
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stability of several diazopeptides in gastric juice is also 

examined. From the results it is clear that diazopeptides behave 

very similarly in gastric juice and aqueous buffers; if anything, 

they are slightly more stable in gastric juice.

The ability of various diazopeptides to act as alkylating 

agents is investigated using 4-(p-nitrobenzyl)-pyridine as the 

trap, and their alkylation ability is compared with N-methyl-N- 

nitrosourea a known carcinogen and an alkylating agent.

The formation of a 1,2,3-triazole via cyclisation of a 

diazopeptide in aqueous alkaline solution is also examined.

The response of four diazopeptides to in vitro mutagenicity 

assays and the possible implications for carcinogenic potential, 

are briefly discussed.
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Abbreviations:

For clarity and abrevity, the following abbreviations 
are used:

Structure IUPAC Name Abbreviation
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(A)

132)
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(1 3 )
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(39)

(U.)

Diazoacetylglycinamide 
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N-(2-diazo-3-hydroxypropanoyl) 

glycine ethyl ester 

.N-(2-diazo-4-methylhexanoyl) 

glycine ethyl ester 

N-(2-diazo-3-hydroxybutanoyl) 

glycine ethyl ester 

Diazoacetylglycine, calcium salt 

N-Diazoacetyl(glycyl)glycine, 

calcium salt

N-Diazoacteyl(glycyl^glycine, 
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GlyGlyOEt

AlaGly
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CHAPTER 1

INTRODUCTION AND HISTORICAL REVIEW
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1 .1 Introduction

The occurrence and determination of N-nitrosocompounds

has been extensively studied since it was first shown that
1many show carcinogenic properties in animals- Most of this

work has concerned N-nitrosamines, but the .N-nitroso

derivatives of amides, ureas, guanidines, urethanes, amino

acids and, more recently, peptides have been examined.

From a chemical standpoint, early studies were

concerned with the occurrence and formation of these

compounds in the environment and in the food chain. These

are often termed exogenously formed compounds.

Following a tentative correlation of the incidence of
2gastric cancer with dietary nitrate intake, recent interest 

has turned to the importance of in vivo or endogenous
3formation of these compounds. The acidic conditions of the

4stomach are suitable for nitrosation reactions. Both
5nitrite ion and nitrate ion are present in the diet.

Nitrate ion is absorbed from the gastrointestinal tract into

the blood, where it is transported to the salivary glands

and secreted. About one fifth of the salivary nitrate ion
6is reduced in the oral cavity by bacteria to nitrite ion. 

Both the nitrite and nitrate ions are swallowed into the 

stomach, where nitrite ion may react and nitrate ion is 

available for recirculation. 7 In this way nitrite

concentration in the healthy stomach is maintained at about
8 S1-10pM. The pH of healthy human stomach varies from 1-5,

qbut a variety of circumstances (e.g. gastrectomy, Pernicous 

anemia^) can raise this to 7 or 8.^ The nitrite
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concentration may be as high as 1mM due to the overgrowth 

of bacteria in the stomach at high pH which reduce the 

nitrate ion to nitrite.

Proline is a suitable compound for evaluating

endogenous nitrosation in humans, since it forms a non-
12carcinogenic JN-nitroso derivative which is not metabolized

1 3and is excreted nearly quantitatively in the urine.

Formation of other .N-nitrosocompounds in the stomachs of
3laboratory animals had been demonstrated earlier, and was

thought to account for the observation of J^-nitrosamines in

human blood. The occurrence of .N-nitrosoproline in human
1 3urine was observed by Oshima and Bartsch after the

ingestion of 500mg of proline and carrot juice containing

1200mg of sodium nitrate. Further, ascorbic acid a known

nitrosation inhibitor substantially reduced the amount of N-

nitrosoproline when it was coingested with the carrot guice.

Further, gastric contents have been shown to contain small
8 11amounts of unidentified .N-nitroso compounds, ' at

significantly greater concentrations than expected from
14exogenous sources.

1 5Recently a kinetic model was described to identify 

classes of amino compounds present in a typical diet which 

would be most susceptible to nitrosation under normal

conditions. The kinetic model implied that if peptides and 
proteins were considered to be as reactive as secondary

amides and present in gastric contents at 0.1M, their

nitrosation should dominate the gastric situation and
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endogenous formation of N-nitrosamine would be negligible. 

1.2 Nitrosation of Amino Acids

These reactions are of interest because amino acids are 

present in the diet and therefore in gastric contents. They 

also constitute an accessible and inexpensive model for the 

diazotisation of peptides. The nitrosation of primary amino 

acids produces a diazo intermediate (J_) which usually 

undergoes rapid deamination, (eau,1). As discussed

H^CHRCO" i^CHRCO^ + H O  + HX » H0CHRC02H+N2

(1 ) .......(1)
below, the diazo intermediate (_1J can be isolated under

certain conditions. Diazo amino acid esters are more stable
1 6and useful synthetic intermediates. Several methods have

been described for their preparation by the nitrosation of
16 17the corresponding amino acid esters. ’ The nitrosation

of secondary amino acids (e.q. Proline) produces an JN-

nitroso derivative fegu.2 ) which is relatively stable and 
12 18easily isolated. ' N-nitrosoproline and N-nitro-

sosarco

Ra

previou

proline

h n o 2 (1

Without

sine have been repo 

tes of nitrosation 

sly. Mo

(or derivatives) a 

0 1-10 3M) in order 

exception, rates o

HX + ^ " C02H
NO

. . 18 rted in malt.

of amino acids have been studied

st of these studies involve

nd all use relatively concentrated

to obtain rapid reactions.

f nitrosation then follow eau. 3 .
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which has been interpreted as evidence for rate-limiting 

reaction between N^O^ and the unprotonated amino acid,

(Scheme 1 ).

Rate = k [Amino AcidHHNO . ] 2 (3)s 2

2HN0 N O + H O2 * 2 3 2

+ ------ ^  s l o wRNH ...COOH t--- RNH ... COOH + N O - ) RN ...C00H + HN0
h3o+ rto

Scheme 1

A more recent study of proline and sarcosine under a
23wider range of conditions by Casado et al shows that 

nitrosation follows eau.A. The first-term of eau,A which is

Rate k C HN02 3 + k •C HN02 3 2 [Amino Acid] (A)

dominant at low nitrite concentrations refers to reaction 
+via NO and the second term which is dominant at high

nitrite concentrations refers to reaction via N„0 .̂2 3
Furthermore Casado et al suggest that the N-nitrosocompounds 

are also formed in a parallel reaction in which a slow 

intramolecular rearrangement follows attack of the 

nitrosating agent on the carboxylate group of the amino 

acid, (Scheme 2). They confirm this pathway by

^(M e)CH2C0'2
NOX v

^HS(Me)CH,C0;
NO

X' fft.it

V

M e p 2C02~ + HX
Scheme 2 f\JQ
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showing the absence of such a parallel reaction in the

nitrosation of the ethyl ester of sarcosine.

Reaction of N-acetyltryptophan methyl ester with sodium

nitrite in aqueous acetic acid to give the nitroso

derivative (2.) . in whcih nitrosation occurred at the indolic 
20 24 25nitrogen ' 1 has been demonstrated. Bonnett et al

showed that amine nitrosation of prolylglycine, indole

nitrosation of several tryptophan derivatives, and S.-

nitrosation of N-acetylcysteine also took place in 
. . . .  . 2 6acidified nitrite solution . N-nitrosoprolylglycine and N- 

acetyl-ii*-nitrosotryptophan have been isolated, while

H 0 N 0 . / \
NHCOCH.

-ch2ch

C0,CH.

thionitriles h

nitroscuni.de d

(3.) has been i 
2 8conditions.

. . 27ave characteristic visible spectra. The N- 

erivative of N-acetylmethionine methyl ester 

solated after nitrosation under forcing

MeCNCH(CH
|I|0

2CH2SMe)C02Me

Challis 

of amines in 

gaseous N2<3̂ 

diffusion or

nitrosation

(2 )

29,30and Kyrtopoulos reported the nitrosation

neutral and alkaline aqueous solutions with 

and N20^. These reactions are thought to be 

encounter-controlled because the extent of

had little depndency on the basicity of the
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amines. The reaction of gaseous nitrogen dioxide ( N O )Z 4

with amines, on dissolving in aqueous solution are

therefore, fast and in competition with hydrolysis by water

N20  ̂ in the gaseous phase is substantially dissociated into

N0_. radicals. N_0, dissolved in solution is less

dissociated and therefore N02- radicals may combine in

solution to give the reactive metastable isomer 0N0N02.

This isomer is thought to be predominant as a nitrosating

agent in solution and reacts with the amine on encounter.

For the nitrosation reaction, rate-limiting step would then

have to be either the radical coupling to give 0N0N02 or

diffusion of N_0, into aqueous phase, (Scheme 3).
Z H

gas phase

0 N-N0o 2 2 ^r

h2°

N02 + N03+2H30

RNHN0+H30 +N03

l H3°
R-Nj * HjO

Scheme 3
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Nitrosation of proline and hydroxyproline by gaseous

nitrogen oxides (1 - 1 00 ppm) in c^eous solution has been

with the increased concentration of nitrogen oxides present

and with reaction time, but decreased with increasing pH.

Suggesting that the nitrosation species is nitrous acid

rather than nitrogen oxides.

In contrast to the majority of JN-nitrosamines, .N-

nitroso-a-amino acids are either innocuous, or only very
32weakly carcinogenic compounds. Proline is a common

constituent of connective tissue and therefore a common 
33dietary compound. N-Nitrosoproline is non-carcinogenic. 

.N-Nitrososarcosine and creatinine-5-oxime are major products 

of reactions between creatine and/or creatinine and nitrite,

(Scheme 4.5) and might therefore be widely distributed in
. . 35foods, nitrososarcosine is carcinogenic.

reported recently. 31 The amount of nitrosation increased

Me
creatine

HO NO

0 N f p f 2C02H

Me

Scheme 4 N-|#rososarcosjne
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creatinine

H
H HScheme 5

c reatinine-1-  ox ime 1-  m athy  Ihy danto in- 5-  ox i m e

1.3 Nitrosation of Peptides

In theory, peptide nitrosation can occur at either the

N-terminal position when occupied by the amino acids

proline, hydroxyproline and sarcosine or at the peptide N-

atoms. Dipeptides containing the residues arginine,

asparagine, cysteine, glutamine, lysine, tryptophan and

tyrosine have additional sites for nitrosation. C-

nitrosation of the Phenolic group of tyrosine in peptides

and proteins has been implicated in reactions of aqueous
3 6sodium nitrite and bovine serum albumin. Terminal N-

nitrosation of primary amino groups to yield diazo

derivatives e.g. (A) which undergo rapid rearrangement with

elimination of in acidic conditions to yield the
3 7deaminated product has been reported, (Scheme 6).
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H NCH CONHCH CO Et ̂  ~  H2NCH2C0NHCH2C02Et

h n o 2

V
N„CHCONHCH_CO_Et 

2 „  . 2 2

HX

V

XCH.CONHCH_CO.Et + N0 2 2 2 2

Scheme 6

The first authentic N-nitroso dipeptide, N-(N-acetyl-

prolyl-N-nitrosoglycine (5.) has recently been synthesised
3 8and characterised. The studies on these compounds show

them to be stable enough for absorption through the stomach
39and duodenum-In vitro tests have shown that (5.) is a

direct acting mutagen in both bacterial and mammalian systems, of

similar magnitude to N-methyl-N-nitrosourea.

In the past studies on the nitrosation of peptides have 

been carried out under conditions that do not approximate to 

the gastric situation i.e. use of high nitrite levels and 

relatively low peptide concentrations. The rates of
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nitrosation of terminal and side chain primary amino groups

of several chymotrypsin proteins were studied by Kurosky and
20 . . . .  Hofmann. They also studied the nitrosation of dipeptides,

isoleucylvaline (6.) and valylvaline (7.). Excess nitrite to

peptide was employed, reactions conditions used were initial

H3N+ CH(CHMeCH^(Me))C0NHCH(CH (Me)2 )C02~

(£)

H3N+CH(CH (Me)2 )CONHCH(CH (Me)2 )C02“

( D

[HN02] = 0.1 - 0.01M, 0.3mM peptide at pH 4 and 4°C. They

obtained a second order dependence on nitrite, suggesting

that the reaction goes via N203.
19Mirvish et al studied the nitrosation of secondary 

amino acids proline, hydroxyproline and sarcosine, and the 

peptides prolylglycine (8.) and prolylltucylglycinamide (9.) to 

give N- nitroso compounds. Again relatively high levels of 

nitrite were used [HN02] = 10 2 - 10 3M, [Peptide] = 0.1 - 

0.01M, pH 1-4 and 25°C. Reactions were followed by 

observing the formation of N-nitrosamine, and they were 

shown to be second order in nitrite, suggesting nitrosation 

via nitrous anhydride. Thiocyanate ion was shown to 

strongly catalyse the nitrosation reaction, but high 

concentrations of chloride or citrate were reported to be 

inhibitory. The two dipeptides were shown to have a pH 

optima around 3-3.4 whilst the amino acids studied had a pH 

maxima at 2.5.
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More recently it was reported that peptides N-

terminal in proline are only nitrosated on the iminonitrogen

to produce the corresponding stable hJ-nitroso derivatives,

no amide nitrosation was observed. In common with N-

nitroso-a-amino acids these .N-nitrosoprolyl peptides are
32expected to be either weakly or non-carcinogenic. 

r 40The most recent study on nitrosation of peptide

glycylglycine and its ethyl ester approximates well to the

gastric situation. Glycylglycine was shown to react readily
owith nitrite at pH 1- 4.75, 37 C and the kinetic order in

-4 -5nitrite was one at low nitrite (10 -10 M). At higher
-2 -3nitrite concentration (10 - 1 0 ) the kinetic dependence of

nitrite tended towards second order. A second order term 

with respect to peptide was found at low nitrite 

concentrations but only first order dependence at high 

nitrite levels. This was accounted for by the reaction of 

the carboxyl group of glycylglycine and nitrous acid to form 

a nitrosyl derivative (J_0) which can act as a nitrosating 

agent towards a second molecule of peptide (Scheme 7). At

12



high nitrite levels there is greater probability of H20N 0 

reacting with NO to form N O  rather than with the
C u

peptide. Hence first order in peptide at h'̂ V. nitrite 

concentrations.

fast
h2nch2conhch2co2h + hno2 v H_NCH_C0NHCH_C0_N0 2 2 2 2

(1 0 )

h2nch2conhch2co2h

H_NCH_ C0NHCH_C^-N02 2 2 .

slow

H_NCH_C0NHCH_C0o + ON—  NH.CH.CONHCH.CO-H 2 2  2 2  2 2  2 2

Scheme 7

It was also demonstrated that the nitrosation of 

glycylglycine was catalysed by added nucelophiles e.g. 

halides, thiocyanate and acetate, also there was no pH 

maxima observed for g lycy lg ly c ine .  nitrosation in dilute 

perchloric acid. The initial product of the nitrosation of 

glycylglycine ethyl ester was shown to be excluisvely 

diazoacetylglycine ethyl ester (4.) i.e. no amide 

nitrosation.

1.4 Diazopeotide Synthesis

In 1906 the first diazopeptides were synthesised by 
„ . 4 1 4 2 4 3 4 4Curtius and his coworkers. ' * * Diazotisation of the

13



N2CHCO(NHCH2CO)n Y  

n= 1,2,3 7 = 0 E t ,N H 2

Scheme %

peptide was carried out in aqueous acetate buffer, the 

diazopeptide crystallises out of the solution due to its

insolubility in aqueous media. This method was improved 

later by using a two pahse system in which the diazo 

compound was extracted into dichloromethane as it formed.

The Majority of diazopeptides synthesised thus far have 

ester, amide or hydrazide groups at the carboxyl terminus of 

the peptide, also most of the diazopeptides contain a 

glycine residue at the terminal amino position i.e. are 

unsubstituted at the a-carbon of the diazopeptide 

(Scheme 9). There have been two examples of a-substituted 

dL*»oc2_opeptidLe.s, na.me.ly c.ompou.ncLs (u) a.n<JL(i2)

45
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N.CHCONHCHCOR

Bz R = OEt, -NHNH2

N-CHCONHCHCO.He^7 
2 | 2

ft-Bu

N2CHCONHj:HC02Et48

Me

Me

N2CHCONCH2C02Et4°

Scheme 9

N_CCO(NHCH_C0) -OEt 2 1 2 n
CO

Me (J_L)

Bz hjle

N i-CON-CH CO Et

(1 2 )

N-(-2-diazo-3-phenylpropanoyl)sarcosine ethyl ester (12) was 

not obtained microanalytically pure, the reason given for 

this was the instability of the diazo compound due to the 

secondary structure of the carbonium ion generated by loss 

of N2.

The frist unprotected diazopeptide (J_3) was recently 
40synthesised by Glover using an aprotic method for the 

diazotisation of

(N2CHC0NHCH2C02")2Ca2+ (13.)

glycylglycine. but again diazoacetylglycine, calcium salt

46
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(13) was not obtained microanalytically pure due to the 

increased reactivity of the diazopeptide.

1.5 Decomposition Mechanism and Reactivity of Diazo Compounds 

The decomposition of diazo acids and diazo esters has
+been examined previously in connection with the study of H -

49transfer. Albery and Davies showed that ethyldiazoacetate

decomposed in aqueous acidic media via an A-2 pathway as

shown in eau. 5. whereas ethyl diazopropionate and 3-
50diazobutan-2-one decomposed by an A-S^2 pathway with slow

+ 51H -transfer, (eau. 6) . Kreevoy and Konasewich

H30+N=N=CHC02Et
fast f) slow

H _ 0 + N=N— CH.CO _ Et2 / ^2 2

H 2 °

-> H0CH_C0oEt + N+H.0 2 2 2 3

HA+N=N=CMe(CO)R
slow fast
^ A ~  + N = N —  CHMe(C0)R ---- > HOCHMe(C0)R + N2 + HA

H2° -(6)

however, found that the diazoacetate ion decomposed by an A- 

S^2 pathway in dilute alkali but by an A-1 process in 

concentrated alkali, (eau. 7). Their results also show that 

diazoacetate ion is much more labile;

+ fast slow fast
H 0 + N = N = CHC0 ” ~ s N = N— CH_C0 ~---- * N +CH+oC0‘ . — ^H0CHoC0o2 2 ^ 2 2 2 2 2 H20 2 2

- - H )

than diazoacetate ester. The above studies concerned the 

mechanistic details of H+-transfer rather than the stability 

of diazo compounds.

The half life time (t^) of ethyl diazopropionate^ was
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found to be 58 min and 38h in aqueous solution at pH 4.75 

and 7.0, respectively. 3-Diazobutan-2-one decomposed about 

28 times slower than ethyl diazopropionate. This is thought 

to be connected with the greater development in the ketone 

of the delocalished ir sytem, (Scheme 1 0).

+ tye  Ifle

N=N=C— COMe <------- >N=N-C=(^Me
O'

Scheme 10
40 .From some of the experiments carried out by Glover it is

clear that the diazopeptide stability lies between that of

diazo amino acid esters and the free diazo amino acids i.e.
odiazoacetylglycine ethyl ester tj. ca. 11min and 54h at 25 C,

x
pH 4.75 and 7.21, respectively.

From diazopeptides formed in situ with gaseous N O. ,
2 4

Glover showed that increasing the peptide length from 

dipeptide to a pentapeptide had little effect on the 

stability of the diazopeptide e.g. rate constant KQ for the 

decomposition of NoCHC0NHCHnC0„ and

N^CHCO(NHCH^CO)̂ NHCH^CO^ in aqueous phosphate or borax 

buffers at 25°C was found to be 18.2x10 6s 1 and 3.13x10 ^s \  

respectively at pH 7.26. Substitution of hydrogen at the a-C-atom 

to the diazo group by methyl (i.e. (_1_4) decreased the 

stability by 100 fold. Thus, substitution at the a-C-atom 

to the diazo group appears to be a major factor determining the 

stability of a diazopeptide.

17



NrtCCONHCH_CO- 21 2 2

Me

(J_4 )

Glover showed that the major products of the decomposition 

of diazoacetylglycine ethyl ester in aqueous acidic media 

containing chloride ions were the hydroxy (15) and the 

chloro derivative (16), formed by nucleophilic attack by

HOCH^CONHCH^CO^Et

(15)

C1CH CONHCH CO Et 2 2 2

(16)

water and chloride ion, respectively on the diazopeptide.

Alkylating ability of some diazoacetyl peptides towards 

4-(p-nitrobenzyl)pyridine was demonstrated by Parodi et

i 52al.

Curtius and Thompson observed that in alkaline

solutions diazoacetylglycine ethyl ester (1 ) cyclised to

give a compound, to which they assigned the structure (17).
„ 4 0More recently Glover has shown that the cyclisation to the 

triazole occurs via the free diazopeptide (13.) . (Scheme 11) .

^CHC0NhCH2C02E t ^  N2CHC0NHCH2C02

(!l) (13)

— I'lu.uf I

Scheme 11

Tautomerisation of diazoacetamide (16) in alkaline 

solution to give the hydroxy-1,2,3-triazole (19) was also

18



demonstrated by Curtius and his coworkers. (19) was53,54

n2chconh2

(1S)

NqQH

found to be stable in alkali, but decomposed in acid,

probably via isomerisation to (J_8) to give N^, NH^ and 
55glycolic acid. The tautomeric change to give (J_8) is

5 6known as the Dimroth rearrangement, (Scheme 12).

_ m2cr'conhr

Cl*) ,
r ' ,r= h

Scheme 12

Dimroths kinetic data for the rearrangement of various

substituted triazoles (.20.) was reconsidered by Brown and 
57Hammick. They concluded that the reaction was 

bimolecular, involving the enol ion and a proton,

(Scheme 13).
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N=ft=e-CNHR *
r 11

r'o2c 0

Scheme 13

Glover found no evidence for the ring opening of (J_7) 

to give a diazopeptide in acid or alkaline solution.

1 .6 Biological Activity of Diazooeptides

Diazoacetylglycine ethyl ester (4.) , diazoacetylglycinamide

(2 1 ) and diazoacetylglycine hydrazide (22.) show powerful

mutagenic activity for a certain strain of Salmonella tvphimurim

N_CHC0NHCH_C0R 2 2

R = OEt (4)

,NH2 (21)

,NHNH2 (12)

(Ames test), a strain reverted by base-pair substitution

inducing agents, but no mutagenic activity for 3 other
5 8strains which contain frameshift mutations. Furthermore, 

the mutagenic activity of these compounds was more marked in

strains of Salmonella tvphimurium carrying a defect in this
59excision-repair system. These observations suggest that 

diazoacetylglycine derivatives display this activity through

20



alkylation of bacterial DNA. Mutagenic activity was also

observed in the mammalian system of V79 Chinese hamster 
60cells.

61Measurement of DNA damage by diazoacetylglycinamide 

compared to diazoacetyl amino acids, show that it is 

approximately 4 times as potent as azaserine (23.) and 12 

times as D0N(24.) on a molar basis.
+
NH

n2chco2ch2ch

CO,

(23)

+
NH,

n2chcoch2ch2ch

CO,
(24)

The interest in compounds (A) . (2_L) and (2.2) is also

connected with the fact that these drugs have the same

active group as found in azaserine (23.) and DON (.24) , which
62are powerful inhibitors of some mouse and rat tumours. N-

Diazoacetyl derivatives of glycine and phenylalanine also

show antitumor activity in mice bearing P388 leukemia or B16 
6 3melonoma. The antineoplastic activity is shown to be

independent of the nature of the amino acid and to the

nature of the bond between the diazoacetyl group and the

amino acid. Compounds (4.), (2J_) and (22.) are also known to
6 2be antitumor agents.

In vivo pulmonary carcinogenicity in newborn and adult

21



swiss mice was observed for diazoacetylglycinamide (2J_)
6 5and the hydrazide (.22) . This was thought to relate to

their alkylating activity.

1.7 Conclusion

With one or two exceptions the nitrosation of amino 

acids and peptides has usually been examined using high 

nitrite concentrations which favour reaction via the 

reagent. Little work has been done on the nitrosation of 

amino acids and peptides under conditions that approximate 

to gastric situation i.e. low nitrite levels and relatively 

high substrate levels (0.1M). Further the products of amino 

acid and peptide nitrosation are poorly characterised.

Most known diazopeptides contain only diazoacetyl 

units (i.e. are derived from glycyl peptides) and protected 

carboxyl functions. The effect of peptide structure on the 

rates of nitrosation, and their stability has not been 

investigated.

Diazoacetyl peptides (i.e. from glycyl peptides) are 

known to be mutagenic, carcinogenic and antineoplastic 

agents. The effect of structure on the biological 

properties of the diazopeptides has not been investigated.

The work described in this thesis addresses the above 

questions.
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CHAPTER 2

NITROSATION KINETICS OF AMINO ACIDS 

AND PEPTIDES
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2.1. Introduction

The bulk of this chapter is concerned with the nitrosation 

kinetics of primary amino acid glycine and the dipeptide L- 

alanylglycine. The reactions were carried out using 0.1M 

substrate, 10* to 10 5 M nitrite, pH1 to 3 and 25°C.

2.1.1 Nitrosation of Glvcine and L-Alanvlglvcine

The rates of nitrosation of glycine and L-alanylglycine were
6 6measured by the Shinn's method which determines 

colourimetrically the amount of nitrite remaining in the reaction 

solution. By using excess amino acid (or peptide) and dilute 

nitrite, rates obtained were pseudo-first-order with respect to 

nitrite. This simplified the analysis of the results.

A potential problem working with a large excess of substrate

is that trace impurities in the commercially supplied material

react preferentially with the nitrite. To check that the

results referred to the reaction of the amino acid or peptide

and not the impurity with nitrite, kinetics runs were
-4 - 3undertaken with 10 and 10 M nitrite and 0.1 M substrate in

0.2 M HC1 at 25°C and the rate measured for the first 70Z and

the last 10Z of the reaction. If reaction with impurities is
- 3unimportant, the rate over the last 10% of reaction with 10 M

initial nitrite should correlate with the rate of reaction with 
-410 M initial nitrite. In this way 0.1 - 0.01Z impurity 

should be detectable.

The results are summarised in Table J_, where the .pseudo-first- 

order rate constants (Rate = kQ LHNOg]) over the first 70Z of the
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reaction compare well with the reaction over the last 10Z, this 

proves the absence of reactive impurities in glycine and L-

alanylglycine.

Table 1a 0.1M Glycine, 0.2M HC1, 25°C

Initial [N0“]/M Z reaction studied 1 o5kQ/s

i.-3 0-70 0.98

.o’3 90-100 0.94

1 0-* 0-70 0.96

Table 1b 0.1M L-Alanylglycine, 0.2M HC1, 25°C

Initial [N0“]/M Z reaction studied 105kQ/S

1 0 - 3 0-70 2.4

.o'3 90-100 2.5

io"4 0-70 2.3

2.1.2 The Kinetic Order in Nitrite

The rates of nitrosation of glycine and L-alanylglycine were
-2 -5measured in 0.2 M HC1 using 0.1 M substrate and 10 to 10 M 

nitrite. Since the substrate is always in excess, these reactions 

are jaseudo-nth-order in nitrite. Hence the gradient of a plot of 

log t against log [nitrite] should be equal to n-1 , where n is 

the order in nitrite. In dilute HC1 (0.2M), the reaction is first 

order in nitrite over the whole range of nitrite concentrations,

(Figure J_). This probably corresponds to reaction via nitrosyl 

chloride although a contribution from the H^ONO* cannot be 

excluded.
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Figure 1 log tk against -log( n_ 2M HCl, 25°C

O  0.1 M g ly c in e  
A 0.1 M L -a la n y g ly c in e



However, rates of nitrosation of glycine and L-alanylglycine in

HC10 were much slower and reliable kinetic measurements could not 4
be obtained because there was little difference between the 

spontaneous decomposition rate of nitrite and the loss of nitrite 

in the presence of the substrate. Some measurements were made in 

HC10,, but always in the presence of either Cl or SCN to obtain 

much faster rates of substrate nitrosation than spontaneous 

decomposition of nitrite.

The first order decomposition rate ( k Q) was obtained for 

each run after substracting the spontaneous decomposition of 

HNO^ Ce.g. rate of spontaneous decomposition of HNO^, k^ at 

pH1, 1M NaCl, 25°C using 10_4M NaNO^ was 3x10”6S-1, whilst rate 

of decomposition of HNO^, k^ in the presence of 0.1M L- 

alanylglycine at pH1, 1M NaCl. 25°C using 10 NaN02 was 9.75 

1 0 ' V 1. Therefore kQ(k0=k*-k') is 9.45x1 o ' 5S~ 1. Above pH2 

the spontaneous decomposition of HN02 was too slow to be 

significant and no correction was applied.

2.1.3 The Kinetic Order in Substrate

The effect of substrate concentration was examined for reaction

of glycine and L-alanylglycine in excess 0.1M HCIO^ with either

0.2M or 0.6M sodium chloride using 10 nitrite at 25°C. The

results summarised in Fiqure 2a.b. Fiaure 3a.b show k_ (Rate n k----------- — — ----------- — 0 0

[HNO^]) varies linearly with [substrate] i.e. there is a first 

order dependence on the substrate concentration under these 

reaction conditions.
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-4Figure 2 Order with Respect to Glycine, 10 MNaNO^,
excess 0.1M HCIO^, pH = 0.96, 11 =0.6, 25°C
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Figure 3 Order with Respect to L-Alanylglycine, 10 M NaNO ,
excess 0.1M HC104> pH = 0.97, y = 0.6, 25°C
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2.1.4 Catalysis bv Chloride and Thiocyanate

As implied above the nitrosation of glycine and L- 

alanylglycine was found to be catalysed by nucleophiles in the 

order SCN > Cl . The catalysis was quantified for reaction of 

both compounds (0.1M) in 0.2M HC10, with 10 nitrite at 25°C. 

Plots of kg (Rate = kg CHNO^]) are shown in Figures 4-7. These 

are linear and from their slopes pseudo-second-order catalytic 

rate coefficients (eau.8) were obtained.

Rate = k [HNO ] [X].......... (8)x 2

X = Cl", SCN"

The rate expression for the nitrosation of glycine and L- 

alanylglycine in the presence of Cl and SCN is therefore given 

by Scheme 14. The formation of NOX the nitrosating agent is shown 

in Scheme 15.

Rate = [Substrate] [k’ [HN0 ] + k" [HN02][X_]]

since Rate = kQ [HNOg]

kfl = [Substrate] [k' + k" [X ]]
Scheme 14

fast
HN02 + X" + H30+ ~ ~  N NOX + 2H20

slow fast
NOX + PepNH2 ---- ) PepNH2N0+-----> PepN2 +

where X = Cl , SCN~

Scheme 15
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Figure 4 Chloride Catalysis for Glycine Nitrosation
0.1M Glycine, 10~4M NaNO^, 0.2M HC104> 25°C, y = 1.0



10~4MNaNÔ , 0.2M HC10., 25°C, \1 =  1.0  
— — 2  4

Figure 5 Chloride Catalysis for L-Alanyglycine, 0.1M AlaGly,



10-4 M NaNCL, 0.2M HC10W 25°C, pH = 0.95---------------- 2--------- --------- 4------------- --------------

Figure 6 Thiocyanate Catalysis for Glycine Nitxosation,
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Figure 7 Thiocyanate Catalysis for AlaGly Nitrosation,
0.1M AlaGly, 10~4MNaNQ2, 0.2MHC1C>4, 25°C, pH 0.95
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The self-consistency of the data reported in Figures 2-7 was

checked via the relationships in Scheme _H. Thus from Figure 

2, where kQ is plotted against [Glycine], the gradient = 

k'+ k" [Cl ]. This gives two simultaneous equations 

(corresponding to reaction 0.2M and 0.6M NaCl)

3.073 x 10~4 = k’ + k" 0.6

1.073 x 10’ 4 = k* + k" 0.2

from which k* = 7.3x10  ̂ M * and k" = 5x10 4 M 2S  ̂

are obtained. From Figure 4. where kg is plotted against [Cl ] 

for the nitrosation of glycine, the gradient = k“ [Glycine] and 

the intercept = k' [Glycine]. On evaluation Figure 4. gives k’

= 7x10~6m ” 1S_ 1 and k” = 4.67x1o"4M_2s"1. Similarly, for L-

k -5 - 1 -1 _________ _ ’ =1.37x10 M S

k" = 9.5x10 4M 2S 1 and those in Figure 5. give k’ = 1.5x10 5M

S_ 1 , k" = 9.31x 10"4M_2s"1.

The plot of kg against [NaSCN] for the nitrosation of glycine
l -2 - 1(Figure 6}. gives K" = 1.21 M S and for L-alanylglycine (Figure 

2), k" = 2.30 M 2S .̂ The values of k' and k" obtained from the 

various plots for glycine and L-alanylglycine are summarised in 

Table 2 . The different sets of results compare favourably within 

experimental error.

Table 2 Summary of Rate Constants

Glycine 1 o6k */m " 1 s“1 io4k"-/M"2s"1 io1k'' /m "2s" 1Li olN

Figure 2 7.3 5.0
Figure 4 7.0 4.67
Figure 6 1 2 . 1

35



L-Alanylglycine 1 0 6k / M - 1 S- 1  l o ' k ^ M ' V 1 ’ “ ^ S C N - / ” ’ 25" 1

Figure 3 13.7 9.50

Figure 5 15.0 9.31

Figure 7 23.0

2.1.5 Acidity Dependence

The Chloride catalysed reactions reported in section 2.1.V 

were carried out at 5 different acidities. Values of k’ and k" 

were evaluated as described previously and are reported in 

Table 3.. (Figures 8.9 - a least square regression computer 

program was used to obtain the best straight line through the 

data points).

Table 3 0.1M Substrate. 10~;M NaN02, 25°C, p = 1 .0

Substrate pH io5k*/h _ 1 s " 1 1 04k"/M_

Glycine 1 . 0 0.70 4.64

1.78 0.63 3.45

2.28 0.52 2.70

2.48 0.44 2 . 22

2.75 0.37 1.70

L-Alanylglycine 1 .0 1 . 50 9.31

1.84 1 .48 7.00

2 . 2 1 .35 6. 22

2. 8 0.96 3.73

3.0 0.76 3.18
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Figure 8 P lo ts  o f k / s   ̂ versus[NaCl]/M for th e N itrosa tion
o - ; I 4

o f G lycine a t  D ifferen t A c id i t ie s ,0 . 1M G lycine, 10 M NaN0^r



versus [NaCl]/M for theFigure 9 P lo ts  o f  X a  

N itrosation  o f  L -A lanylg lycin e a t D ifferen t A c id i t i e s ,0 . 1M 
L-AlaGly, 10~4M NaN02# 25 °C, y = 1.0
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Figure 10 shows plots of k' against pH for glycine and L-

alanylglycine. k’ which corresponds to the uncatalysed 

component of reaction is virtually pH independent between pH 1 

and 2, but decreases slightly above pH 2. The acidity 

dependent species relevant to the reaction are the unprotonated 

amino group of the substrate (pK^ = 7.95 L-alanylglycine, pl<A 

= 9.5 glycine, see section 2.1.6) nitrous acid (pl<A = 3.29), 

and presumably nitrous acidium ion (H^ONO*). The virtual 

independence of k’ suggests that any decrease in the 

concentration of the unprotonated amino group with pH is 

compensated by an increase in the concentration of the 

nitrosating agent. Between pH 2 and 3 the rate decreases 

slightly presumably because the equilibrium between HN02̂ zf 

NO" becomes significant.

Plots of k" against pH for reaction of N0C1 with L- 

alanylglycine and glycine in Figure 11 show a steady decrease 

of the rate coefficient between pH 1 and 3. Clearly, the 

decreased concentration of unprotonated amine with decreasing pH 

is more than offset by the increased N0C1 concentration. The 

effect is quite small and it is not understood why the slopes 

obtained for L-alanylglycine and glycine are different.

2.1.6 Nitrosation of Other Peptides

The nitrosation of several other dipeptides in the presence 

of Cl was also investigated. The reaction conditions were 

0.1M substrate, 10~4M NaNO., 0.2M HC10,, p = 1.0 and 25°C. Thec b

rate expression under these conditions is given by Scheme 14.
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k /  —4„___________________ versus pH, 10 MNaNÔ , 25°C, y = 1.0

lO ^ /M  s-1 -1

2 -

Q 0 . 1M L -a lan y lg lycin e  

q  0.1M g ly c in e

1--------------------------1------------------------- 1--------------------------1--------------------------r
0 1 2  3 4

pH



Figure 11 Plot of k / versus pHr 10 NaNO^, 25°Cy \l - 1.0



The results are given in Table 4. (results for L-alanylglycine 

and glycine are in Figures 4.5. respectively), and values of k* 

and kM obtained from plots of kQ versus [Cl ] are summarised in 

Table j>. Purity of each substrate was checked by obtaining 

good microanalysis.

The nitrosation of the amino acids L-proline, sarcosine

and L-proline methyl ester was also examined under similar

conditions. The reactions were followed by measuring the

concentration of the N-Nitroso derivatives at A = 238 nm— max.
for N-nitrosoproli/ie , N-nitrosoproline methyl ester and A = — — max.
249 nm for .N-nitrososeurcosine. . Rate coefficients were calculated

from measurements over the first 5 l  reaction by the initial

rate procedure, i.e. V. = d [Product]/dt =in
d (Absorbance/e ^)/dt. The extinction coefficient of HN0_product 2

at the above wavelengths is much smaller than the extinction 

coefficient of the N-nitroso products. Thus, the absorbance 

change due to the consumption of HNOg can be neglected without 

significant error. Further, concurrent thermal decomposition 

of HNO^ is negligible because the kinetic measurements are 

taken over relatively short times (ca. 30 min). The initial 

rates method was used because the reactions were very slow even 

in the presence of Cl due to the greater basicity of proline, 

proline methyl ester and sarcosine relative to the peptides.

The procedure is described in detail in Chapter 1_. The results 

obtained are summarised in Table 5. and values of k ‘ and k”

(Scheme 14) are included in Table 6.
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Table 4 0.1H Substrate. 0., 2M HC10 . 10"4M NaNO , 
k 2

oiiooinCM

Substrate [NaCl]/M 1 o5kQ/s“ 1

AsDartame 0. 1 27.6

0.3 74.8

0.5 122

0.8 192

1 . 0 240

L-Phenvialanvialvcinamide 0. 1 18.1

0.3 49.0

0.5 81 .0

0.8 129

1 . 0 161

L-Servlalvcine 0. 1 7.1

0.3 19.5

0.5 32.0

0.8 50.4

1 . 0 62.8

Glvcvlalvcine ethvl ester 0. 1 1.70

0.3 4.58

0.5 7.48

0.8 1 1 . 8

1 .0 14.7
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Substrate [NaCl]/M io5kQ/s

Glvcine ethvl ester 0. 1 1.85

0.3 5.16

0.5 8.46

0.8 13.4

1 . 0 16.7

L-Leucvlalvcine 0. 1 2.15

0.3 6.17

0.5 10. 2

0.8 16.2

1 .0 21 .0

Glvcvl-L-Leucine 0. 2 2.98

0.4 5.87

0.6 8.75

0.8 11.7

1 .0 14.5

Glvcvl-L-AsDartic acid 0. 2 1.03

0.4 1 .94

0.6 2.90

0.8 3.81

1 .0 4.75

L-Prolvlqlvcine ' 0.4 1 .04

0.5 1 .30

0.6 1 .52

0.6 2.05

1 .0 2.56
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Substrate [NaCl]/M 1 o5kQ/s

Trialvcine 0. 1 1.60

0.3 4.32

0.5 7.08

0.8 1 1 . 1

1 . 0 14.0

Table 5 0.1M Substrate, 0.2M HC10,, 10~4M NaNO., 25°C, p = 1 . 04 2
C . -1

Substrate [NaCl]/M 10 V. /[HNO.] /5in 2 '

L-Proline methyl 0.2 1.34
ester

0.4 2.60

0.6 3.00

0.8 5.12

1.0 6.34

L-Proline 0.4 0. 35

0.5 0.44

0.6 0.51

0 . 8 0 . 6 8

1 . 0 0.84

Sarcosine 0.4 1.05

0-5 1 . 30

° - 6 1.56

0•8 2.06
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Table 6 Rate Coefficients for the nitrosation of 0.1M
Peptide. 0.2M HC10,, 10’4M NaNO., 25°C. p = 1.0k c

Peptide <Q- Pka io5k* i o4k"

(lit.) (exper.) m ' 1s " 1 M - V 1

Aspartame 6.52 39.8 236

L-Phenylalanyl-
glycinamide

6.72 6 .6 6 21.9 159

L-Serylglycine 7.33 7.15 9.12 61 .8

Glycylglycine 
ethyl ester

7.76 7.70 2.34 14.5

Glycine ethyl 7.83 7.76 2.09 16.5
ester

Glycylglycine 8.13 7.65 2 . 8 6 22.4

L-Alanylglycine 8.24 7.95 1.50 9.31

L-Leucylglycine 8.28 7.75 1.71 2 0 .0

Proline methyl 
ester

8.30 8 . 2 2 0.73 6.31

Glycyl-L-Leucine 8.41 7.88 1.36 14.3

Glycyl-L-Aspartic
acid

8.60 8 . 2 0 0.96 4.68

L-Prolylglycine 8.97 8.55 0.48 2.51

Glycine 9.78 9.50 0.70 4.67

L-Proline 1 0 .6 10.3 0.13 0.83

Sarcosine 1 0 .0 1 9.80 0.44 2.51

Triglycine 7.91 7.84 1.78 13.8

Literature pK^ values are usually so-called thermodynamic 

constants referring to low peptide concentration and low (or 

extrapolated to zero) ionic strength. The pK^ of individual 

peptides was therefore measured potentiometrically under the 

reaction conditions used for the nitrosation experiments i.e.
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0.1M peptide and 1. OH Ionic strength. Values obtained (.Table. 6.) 

are lower than literature values.

Plots of log k" and log k' against substrate pK^

(experimental) are shown in Figure 12 and Figure J_3,

respectively. Both are similar with unit slopes which implies

the reaction rate is determined primarily by the concentration

of unprotonated peptide in the reaction solution. For glycine,

proline and sarcosine, however, the data do not fit the linear

plot for the peptides. The rate constants kM and k' for the

amino acids are about 15 times larger compared with peptides of

similar basicity. The data for glycine ethyl ester and proline

methyl ester, however, lie on the same line as the peptides.

Thus, the carboxylate group of the a-amino acid appears to

enhance its rate of nitrosation. The effect probably relates

to the zwitterionic nature of a-amino acids where the

experimental PK4 for free amino acids is not a good indication A
6 8 69of their reactivity. ' Protonation of the amino group does 

not reflect the amount of neutral molecule

(H^NCH^CO^H) in equilibrium with the zwitterion (H NCH CO ). 

Thus more .N-unprotonated substrate than that indicated by the 

pK^ is available for reaction with the nitrosating agent.

2.1.7 Summary

In dilute HC1 the nitrosation of L-alanylglycine and glycine 

appears to involve reaction of the unprotonated substrate with

N0C1 and NO (probably). Reaction via N^O^ seems unimportant 

with low nitrite and in presence of HC1. The reactions are 

also catalysed by SCN .
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Figure 12 P lo t o f log  K versus pK  ̂ (experim ental) 

0.1M Peptide, 10~4M NaNC ,̂ ]l =  1 ,0 , pHca.0.98

I !/

O  peptides



Figure 13 P lo t o f log  K versus pK (experim ental) 
-4  A0.1M Peptide, 10 M NaN0^r jj = 1 .0 , pH ca. 0.98

-p>MD
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Peptides undergo nitrosation at rates which correlate well 

with their pK4 values. A significantly higher rate of 

nitrosation for amino acids was found, the reason for which is 

probably due to the zwitterionic nature of the amino acids as 

explained in section 2 .1 .6 .

I 40The value of K" obtained by Glover for the nitrosation of
o - 40.1H glycylglycine at 37 C using 10 M NaN02 and pH 2.2 was

-3 -2 -1 15.6x10 M S . For L-alanylglycine the value of K" obtained

under the same reaction conditions but at 25°C (Table 3.) is 
-4 -2 -16.22x10 M S , giving a difference of 9. To check this

difference in reactivity, L-alanylglycine nitrosation was

carried out under the same reaction conditions as above but at

37°C. From Figure 4. the value of k” obtained for L-
-3 -2 -1alanylglycine is 2.05x10 M S . The difference of 2.7 still 

remaining is probably due to the higher basicity of L- 

alanylglycine.

We see no evidence for the formation of a nitrosyl

derivative, obtained from the attack of nitrosating agent (N0+)

on the carboxylate group of the amino acid (see Chapter J.),
23which then undergoes intramolecular rearrangement. This is 

probably due to the N0C1 plus unprotonated amino substrate 

reaction being dominant in the presence of chloride ions.

50



N itro sa tio n , 0 . 1 M  AlaGly, 1 0 ” 4 M NaNO„, 0 . 1 M  HCIO , ---------------------------------------------------- * ----------------------------2------------------------- 4—

pH 2 .2 , 37°C, y = i .o

Figure 14 Chloride Catalysis for L-Alanylglycine
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2.2.1 Introduction

The Initial product arising from the nitrosation of a 

primary amino acid or peptide is expected to be the 

corresponding diazo compound, (Scheme 16). The diazo compound

RNH2 + YNO ~ ---' RNHN=0 + HY --- >RN=NOH + HY

Olefins. RY, etc. RN2 Y + H20

Scheme 16

is unstable in acidic media (See Chapter A) and alkylates
40nucleophilic entities in the reaction mixture. Glower showed

that the principal products from the nitrosation of

glycylglycine ethyl ester in aqueous HC1 were H0CH2C0NHCH2C02Et

and ClCH2C0NHCH2C02Et. (Scheme 17).

N.CHCONHCH-CO.Et + HX N„CHoC0NHCHoC0oEt + X"2 2 2 ^ 2 2 2 2

X
v

XCH2C0NHCH2C02Et 

where X = Cl , OH .

Scheme 17

A similar outcome is expected for the nitrosation of a-amino 

acids and is confirmed by the following section.

2.2.2 Analysis of Glvcolic acid and ChlorooLctiiV a o l in Aqueous
Solution

Chloroactkc acfJL (.25) and glycolic acid (26.) were considered 

to be the most likely reaction products. Reaction solutions 

were therefore analysed for (2_5) and (2.6) by HPLC using a

Polypore H (Pierce) column specific for organic acids, eluting 
-2with 10 M HgSO^ at a rate of 0.5ml/min, (Chapter 7). The

2.2 Product Analysis for Glvcine Nitrosation
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retention times of (25.) and (2jj) were 5.52 and 4.22 min,
~ 6respectively. Up to 10 M solutions of each could be analysed 

after concentration. The authentic compounds were extracted 

from aqueous reaction solutions into ethyl acetate, at the 

recoveries cited in Table 1.

Conditions for product analysis were chosen to give 

relatively short reaction times, to minimise error arising

Table 1_ %_ Recovery for Products

1M HC1, 0.1M glycine, 2h, 37°C, 10‘ 3 or 1Q4M (25) and (26)

Z Recovery

C1CH_C0_H (25) 802 2

HOCH_CO H (26) 602 2

from decomposition of the products. The pseudo-first-order 

rate constants for the product analysis reactions are given in 

Table 8.: they correspond to t^ 2 = 20 min. Extraction of the

Table 8 Shinn’s Method Kinetics for Product Analysis Reactions 

0.1M glycine, 1M HC1, 37°C

4 1 - 1CNO^ ]/M 10 Kq/S Nitrite decomposition in

1M HC1 at 37°C, 104kQ/s" 1

,o- 5 5.8 0. 1 2

o
1 -F~ 5.6 0. 1 1

1 o" 3 5.85 0.17
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reaction solutions was made after 2h corresponding to 6 half-

lives, or 98.5Z reaction. The product yields reported in Table 9 

were corrected for the loss of nitrite through thermal 

decomposition (Table 8) and for less than 100Z recovery of the 

products (Table T.). Control experiments with glycine but no 

nitrite under the reaction conditions showed no evidence of the 

chloro (25.) or the hydroxy (2 1 ) compound.

Table 9. Product Analysis for the Nitrosation of Glvcine 

0.1M glycine, 1M HC1, 37°C. Reaction Time = 2h

[NO "]/M Z Yield (25) ZYield (21) Total

1 0 ' 5 55 40 95

1 0 ' 4 52 38 90

1 0 ' 3 54 34 88

The results show that in aqueous acidic media the reaction 

of glycine with nitrous acid gives products which derive from 

reaction of an intermediate diazo compound with H^O and Cl~.
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CHAPTER 3

SYNTHESIS OF NOVEL PIAZOPEPTIDES
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As mentioned in Chapter 1 most previously reported

diazopeptides contain an unsubstituted diazoacetyl function,

(i.e. they derive from glycyl peptides). An early goal in the 

present work was the synthesis and isolation of hitherto unknown 

substituted diazoacetyl derivatives (27.) and diazopeptides with 

free carboxyl groups (28).

N CCONHCHCO Et N CCONHCHCO ‘
2 i i 2 2 i i 2
R R* R R*

(21) (21)

3.1 Synthesis of Diazoacetvlpeptides

Diazoacetylglycine ethyl ester (4.) was synthesised by the 
41 43Curtius method ' which involved diazotisation of the peptide

by sodium nitrite in an acetate buffer. The diazopeptide

crystallised out of the solution due to its insolubility in

aqueous media. Higher yield of (4.) was obtained by carrying out
45the reaction in a two phase system in which the diazo compound

was extracted into dichloromethane as it formed.

Diazoacetylglycinamide was synthesised by reacting

N2GlyGlyOEt with an excess of 35Z ammonia solution. The

diazopeptide N2GlyGlyNH2 crystallised out of the reaction
osolution after it had been left for 2h at -20 C.

3.2 Synthesis and Isolation of Alkvl Substituted Diazopeptides 

The ethyl esters of dipeptides required for diazotisation

were synthesised by standard methods involving protection, 

coupling and deprotection, (Scheme 18).
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BzOCONHCHCO_H + H NCHC0oEt , 2 2 | 2

R’

NEt_, C1CO Et, 3 2 -10°C

V
BzOCONHCHCONHCHCO^Et

R'

H2, Pd/C, HC1

V

HClHoNCHC0NHCHC0oEt
2 i i 2

R R'

Scheme 18

Preliminary experiments showed that both the
4 1 42 43 44 45Curtius ’ * ' and the biphasic methods of

diazotisation gave low yields of an impure product for any

compound not derived from glycyl peptides. This seemed to relate

to their instability in the acidic reaction medium. The

diazotisation was therefore carried out aprotically in

dichloromethane, using liquid nitrogen dioxide at -40°C.

Triethylamine was added to keep the solution non acidic and

anhydrous sodium sulphate was added to absorb water formed in the

reaction. The diazopeptides were purified by silica column

chromatography to give yellow oils, which were very sensitive to

light and heat. They were characterised by their infra-red, nmr,

and mass spectra, (Section 3 . ). Attempts to obtain satisfactory

microanalysis were in general, unsuccessful. Invariably, low

amounts of nitrogen were observed which indicate that

diazopeptides are very sensitive to light and heat.
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3.3 Synthesis of Unprotected Diazopeptides

These were also synthesised by an adoption of the aprotic 

method described above. The initial problem was the insolubility 

of the highly polar peptide in the aprotic solvent. This was 

solved by forming a tetra-n-butylammonium salt (29.), (Scheme 19).

H_NCHC0NHCHC0~ + H0_ +N(n-Bu),3 , j 2 4
R R'

V
H NCHCONHCHCO" +N(n-Bu)2 | , 2 4

R R*

♦ h2o

(29)

Scheme 19

The salt (.29) was freeze-dried and then dissolved in dry

dichloromethane. Nitrosation was effected by addition of N_0.Z 4
dissolved in dichloromethane to the solution of (.29.) at -40°C, 

with one equivalent of triethylamine as the base. Column 

chromatography on silica eluting with a mixture of ethanol and 

methanol gave, on evaporation of the solvent a yellow hygroscopic 

paste, which proved to be the triethylammonium salt (3JD) rather 

than the tetra-n-butylammonium salt. This was evident from the 

strong ethyl signals in the H’-nmr spectrum of the product. The 

deprotected diazopeptide was obtained in a solid form by 

precipitation as a calcium salt (3J.) • The calcium salts were 

very soluable in water and slightly soluable in alcohol.

N CCONHCHCO" HNEt Z. | Z 3 (NCC0NHCHC0~)_Ca
2 1 i 2 2

1 1 
R R ‘

1
R R'

(30) (3_L)

58



3.4 Spectral Evidence for Proposed Structure

Compounds (4.), (_1_3) , (2_U and (H)-(2i) were authenticated 

as N-diazopeptides by examination of their spectral properties.

3.4.1 UV/Visible Spectrum

All the diazopeptides showed a strong absorbance between 

250-260nm in water or ethanol (e 10,000-22131 M ^cm 

corresponding to an allowed tt to ir* transition. The compounds 

also showed a much weaker band at 380nm (e9-23M ^cm 1) which 

explains their pale yellow colour, (Table 10). These data are 

consistent with the uv visible published spectrum for diazoacetylglycine 

ethyl ester ^  (e = 20,000 and 16 M ^cm \  respectively).

The extinction coefficient at 250nm is a guide to the purity 

of the diazopeptide. Thus, the more stable compounds e.g. 

diazoacetylglycine compounds have higher extinction coefficients 

at 250nm than the less stable alkyl substituted diazopeptides 

which were not obtained microanalytically pure.

3.4.2 Infra-red Spectrum

Infra-red of nujol mull 

strong band around 2100cm V  

stretching vibration. This 

observed in the previously k 

diazoacetylglycine ethyl est 

also showed sharp peaks arou 

and br 1600 cm  ̂ (C0/NH amid 

the diazopeptides with free

s of all the diazopeptides showed a

corresponding to the C ~ N ~ N

agrees with the diazo absorption

nown diazopeptides, (e.g. for 
40 - 1er at 2110 cm ). The compounds 

nd 3280 (NH amide), 1740 (C=0 ester) 

e, N=N). The band due to C=0 (acid) for 

carboxylate group occured around 1600cm-
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3.4.3 H *-NMR Spectrum

The H’-nmr spectra of the diazopeptide ethyl esters and the

corresponding dipeptide ethyl esters were recorded in CDCl^. The

only significant changes on diazotisation of the peptide was the

deshielding of the protons a to the diazo group and the integral

showing one less a proton. Taking diazoacetylglycine ethyl ester

as an example, the proton a to the diazo group was deshielded by

ca. O.Bppm. For compoundsN ThreGlyOEt, N SerGlyOEt and
2 CH 2

I
N2AlaGlyOEt, the deshielding of N2=C-C0NHCH2C02Et protons is 

less since they are further removed from the diazo group 

(Table 11 ). The proton nmr of the diazopeptide calcium salts 

were recorded in DMSO and that of the corresponding free peptides 

in D20.

3.4.4 Hass Spectra

Regular impact mass spectrometry did not provide a molecular 

ion for diazopeptides in general because of facile C = N2 cleavage. 

Fast atom bombardment (positive ion), however, did permit 

detection of the protonated molecular ion, (MH+). Similarly for 

the diazopeptide calcium salts fast atom bombardment (negative 

ion) usually gave M ion. The most important features for the 

mass-spectra of diazopeptides are the presence of MH+ or M ions, 

and ions resulting from the loss of N2> (Table 12). For the 

diazopeptides ethyl esters i.e. N2LeuGlyOEt, fragmentation ion at 

172 corresponds to an intramolecular rearrangement known as 

McLafferty rearrangement, which results in the elimination of an 

ethene molecule. For diazopeptides N2SerGlyOEt and N2ThreGlyOEt 

fragmentation ions at 156 and 170 respectively, correspond to the
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Table 10 UV Absorption of Diazopeptides in Water at 25 C

Diazopeptide A loge loge(at 380nm)max

N.CHCONHCH.CONH- 2 2 2 255 4.322 1 .364

NoCHC0NHCH„C0_Et 
2 2 2

250 4.320 1 .255

aN2C(Me)C0NHCH2C02Et 260 4 .000 0.936

aN.C(CH_0H)C0NHCH_C0_Et 2 2 2 2 254 4.114 1 . 1 2 1

aN2C(CH2CH(Me)2 )CONHCH2C02Et 260 4 .176 1 . 1 1 2

aN2C(CH(Me)0H)C0NHCH2C0 2Et 254 4. 142 1 .082

(N2CHC0NHCH2C02")2Ca2+ 252 4.345 1.281

(N-CHC0NHCH_C0NHCH_C0~ 2 2 2 2 )  9 C a

2 + 250 4.314 1 .250

(N CHC0(NHCH CO) NHCH CO “) 250 4.257 1.193

(N2C(CH2CH(Me)2 )CONHCH2

1
CS1

1 
o o

+C
M08

, 
^ 260 4.114 1 . 1 2 0

3 In Ethanol
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Table 11 Changes in Chemical shifts of Selected Protons in

Peptide Diazotisation

H.NCHCONHCH.COR 2 2

He
r

H2NCH(H2C)CONHCH2COR

NOX
----- >

A/OX 
----- >

N2CC0NHCH2C0R

N2C (H2C )C0NHCH2C0R

R = OH,0 , OEt

Substrate 6Ha 6H(3 A6Ha ASHf3
ppm ppm ppm ppm

H-NCH.CONHCH_CO.Et 2 — 2 2 2 4.0
0.83

N_CHC0NHCH_C0_Et 2—  2 2 4.83

H2NCH(CH3 )C0NHCH2C02Et 1 .62
0.40

N2C(CH3 )C0NHCH2C02Et 2. 02

H0NCH(CH OH)CONHCH CO Et 
2 — 2 2 2

4.14
0.40

N2C(CH20H)C0NHCH2C02Et 4.54

H2NCH(CH2CH(Me)2 )C0NHCH2C02Et 1 .80
0.39

NgCtCH CH(Me) )C0NHCH CO Et 2.19

H2NCH(CH(Me)0H)C0NHCH2C02Et 4.45
0.42

N2C(CH(Me)0H)C0NHCH2C02Et 4.87

h ^n c h^c o n h c h.c o .h 
2 — 2 2 2 4 . 1

1 .5
N CHCONHCH CO " 2—  2 2 5.6
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Substrate 8Ha 5H0 A6Ha A5Hp
ppm ppm ppm ppm

H_NCH CONHCH_CONHCH CO.H 2 — 2 2 2 2 4.05
1.4

n 2c h c o n h c h 2con h c h 1co; 5.45

h 2n c h 2c o (n h c h 2c o )3n h c h 2c o2h 4.05
1.4

N_CHCO(NHCH_CO)_NHCH_CO~ 2—  2 3 2 2 5.45

H2NCH(CH2CH(Me)2 )C0NHCH2C02H 1.9
0.6

N2C(CH 2CH(Me)2)C0NHCH2C02
(

2.5
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Table 12 Main Fragments in the Mass Spectrum of Diazopeptides

Diazopeptide MH m h ,-n 2 m h .-n 2 ,-h 2o m h .-n 2,-CH_=CH. 2 2

NftCHCONHCH CO Et 
2 2 2

172 144 116

N_CHC0NHCH_C0NH. 2 2 2 143 115

N2C(Me)C0NHCH2C02Et - 158 130

N2C(CH20H)C0NHCH2C02Et 202 174 156 128b

N C(CH CH(Me) JCONHCH CO Et 228 200 172

N2C(CH(Me)0H)C0NHCH2C02Et 216 188 170 142b

m " m ;-nz M”,-N =CH„ 2 2 h “.-N =CH0,-CI 2 2

N_CHC0NHCH„C0~ 2 2 2 142 114 100 72

N_CHC0NHCH_C0NHCH_C0~ 2 2 2 2 199 171 157 129

N_CHC0(NHCH-C0)-NHCH_C0-_ 2 2 3 2 2 313 - 271 243

N_C(CH_CH(Me)_)CONHCH_CO~ 198 170 100C 722 2 2 2 2

bM H \ - N 2 ,-H20,-CH2 = CH2 

CM~,-N2=CH(CH2CH(Me)2)

64



loss of water molecule which is common in the mass spectra of

alcohols

McLafferty rearrangement.

The mass spectra of diazopeptide calcuim salts i.e.
-  ? +(N^CHCONHCH^CO^J^a shows a fragmentation ion resulting from the 

elimination of diazomethane from the molecular ion M ,

(Scheme 20).

> Ni= C H 2 + 0 = C = N C H 2 C02

0

Scheme 20

3.4.5 Microanalvsis

Good microanalyses were obtained for the more stable 

diazopeptides e.g. N2GlyGlyNH2 and N^GlyGlyOEt. The more 

reactive compounds i.e. N^laGlyOEt, gave lower than expected 

amounts of nitrogen due to their lack of stability.
2 +For the diazopeptide calcium salts (N^riGly )2Ca and 

- 2 +(N2 PentaGly )2Ca good microanalyses were obtained, but for the
2 +more reactive diazopeptide (I^GlyGly )2Ca microanalysis again 

gave lower than expected amount of nitrogen.

3.4.6 Summary

All the physical data are consistent with the proposed 

diazopeptide structures. Compounds (32.)-(35.) are amongst the

65



first reported alkyl substituted diazopeptides and compounds 

(_1_3) , (36.)-(M) are the first authentic unprotected diazopeptides 

to have been prepared and characterised.

3.5 In Situ Nitrosation of Peotides with Gaseous N.0̂

Unprotected diazopeptides derived from other glycyl peptides 

were too unstable to be isolated. They were therefore 

synthesised in situ using gaseous Nz0 .̂ in neutral and/or alkaline 

aqueous solutions. The dipeptide substrates were obtained from 

commercial sources. Reasonably good microanalyses were obtained 

for them hence they were used without further purification. 

Generally, 1-5ml of gaseous N2 0̂  was injected into a flask (50ml) 

containing a small volume of the aqueous peptide solution. 

Formation of diazopeptide appears to be instantaneous and from 

the uv absorbance of the solution its yield was ca. 1 -2 l with 

respect to the added.
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CHAPTER 4

DECOMPOSITION KINETICS OF PI AZOPEPTIDES IN AQUEOUS MEDIA
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In general the decomposition of the diazopeptides was 

monitored by the decrease in absorbance at A 250-260nm in the 

cuvette of a spectrophotometer thermostatted at 25 ± 0.1°C. The 

pH of the reaction solution was determined at the conclusion of 

the kinetic run.

4.1 Substrate Dependence

The decomposition of all the diazopeptides examined followed

pseudo- first-order kinetics (eg.9). Plots of ln(Abs -Abs )t 00

Rate = l<g [Diazopeptide ] .......... 9

versus time were linear and k was determined from their slopes.o

Values of |<q were reproducible to * 2 1 .  For N2 SerGlyOEt values 

of 1<Q were independent of its concentration (Table 13) which 

confirms the validity of ea.9.. These data also show that if 

impurities are present in the substrate they have no effect on 

the decomposition rate.

Table 13 Variation of with [N^SerGlvOEt]: 0.1M HOAC +

0.1M NaOAC buffer. pH 4.75. 25°C. u 0.6. 254nm

105[N2SerGlyOEt] 104k /s" 1 0

1 .0 39.7

2.5 41.0

5.0 39.6

10.0 40.4

25.0 41 .2
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4.2 Acidity Dependence

The decomposition of the diazopeptides was examined in 

several aqueous buffers at 25°C. Plots of kQ versus [Buffer 

acid] were invariably linear (see Figure 15 for typical data), 

which implies that the reaction follow eg . 10 and are therefore 

general-acid catalysed. The incidence of general acid catalysis

Rate = [Diazopeptide] {Ic + [H 0 + ] + k. [Buffer acid]}.10
H3° 3 1

was further confirmed by measuring the decomposition of

N^GlyGlyNH^ in formate and acetate buffers of different strength

but constant pH. These results are summarised in

Table 14. (Figure 15). and constant values of k. , r u  rrt u,1 l L U  ̂  H/

and ^ i ( HCO H) 316 a PPa r e n t *

Table 14 Effect of Buffer Ratio on the Decompostion Rate 

of N^GlvGlvNH  ̂ at 25°C. Initial [Substrate! ca. 10 *M . 

u = 0,6. 255nm

Buffer Ratio pH 104L  + [H 0+] / s” 1 H30 3 104k 1 /M~1 s“ 1

6 3.97 30.0 45.7
H CC0_H

3 2 1 4.75 5.07 44.9
H CC0_Na+3 2 0.167 5.53 0.88 45.8

HCO H
6 3.00 290 216

C

HC0~Na+
1 3.75 49.8 217

C 0.167 4.53 8.6 218
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[q against [HOAC] for Diazoacetylqlycinamide in Varying Bufer Ratio at 25°C



Values of l< and k^ Q+tH30+3 obtained for several
*3

diazopeptides in various buffers are summarised in Table 16 

and a typical plot of log ku +[H_0+] versus pH for
j° 3

N2GlyGlyNH2 is linear with unit slope, (Figure 16).

4.3 Catalysis bv Nucleophilic Entities

The ability of nucleophilic entities to catalyse the

decomposition of diazopeptides was examined in aqueous acetate and

phosphate buffers. For several but not all substrates plots of

l<Q versus [nucleophile] at constant pH were linear,

(Figure 17. 18) which implies that the reactions have a first

order dependence on the nucleophile concentration. Table 17

shows typical data for nucleophilic catalysis of the

decomposition of diazoacetylglycinamide. The reactions at pH

4.75 are about 100 times faster than at pH 6.80 for both NaCl and

NaSCN. The results follow eau. 12. where k 1 relates to reaction

by the buffer components (i.e. H^O* plus buffer acid).

Rate = [Diazopeptide](k1 + k^tNucleophile]} .........11

Rate = [Diazopeptide](k1 +k^[Nucleophile][H^0 + ]}.... 12

Added nucleophiles were found to catalyse the decomposition
2 +  -  2 +of unprotected diazopeptides (N^TnGly )£a .N^PentaGly )£a 

and these results are summarised in Table 18. For several other 

diazopeptides addition of NaCl or NaSCN had no effect on their 

rates of decomposition in aqueous buffers, (Table 19).
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oTable 16 Decomposition of Diazooeptides in Aqueous Buffers at 25 C

-4Initial [Substrate! ca.1Q M .u = 0.6

Buffer Acid pH 104L  n+CH n+]/s' 1 
H3° 3

104l<l/M"1 s' 1

N2G1 vG1 vNH2

h c o2h 3.05 251 216

HCOgH 3.75 49.8 217

H_CCO.H 3 2 3.97 31 .2 45.7

H_CCO.H 3 2 4.75 5.07 44.9

V 0;' 6.02 0.29 3.4

v v 7.05 0.027 3.5

Imidazole 7.66 0.0066 10.0

N^lvGlvOEt

h c o2h 3.05 480 300

h c o2h 3.75 97.0 298

h 3c c o2h 3.97 57.9 68.0

H CCO H 3 2 4.75 9.6 67.1

H2PV 6.02 0.6 4.76

H2P°4~ 7.10 0.054 4.80

Imidazole 7.66 0. 012 14.1
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Buffer Acid pH 104ku +[H 0+]/s" 1 
H3° 3

1 o4U 1 /m “ 1 s” 1

N^AlaGlvOEt

h c o2h 4.0 5800 10000

H_CCO.H 3 2 3.97 6500 1956

H.CCO.H 3 2 4.75 1080 1995

v v 6.00 60.7 149

w 7.03 6. 1 150

Imidazole 7.66 1.33 224

N^SerGlvOEt

h c o2h 3.05 1100 794

h c o2h 3.75 219 800

H_CCO.H 3 2 3.96 132 185

H_CCO.H 3 2 4.75 22.0 184

ioo.CM
X

6. 10 1.00 15.9

w 7.00 0.124 16.0

Imidazole 7.68 0.027 7.41
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4i -1 -1Buffer Acid pH 10 K +[H 0 ]/s 
H3° 3

10 k /M s

N^LeuGlvOEt

HCO.H
2

3.05 2290 4790

h c o2h 3.75 458 4850

H^CCO.H 3 2 3.97 275 1510

H_CCO.H 3 2 4.75 45.7 1530

V V 6.05 2.30 214

H2P°4~ 7.01 0.26 213

Imidazole 7.66 0.056 79

N^ThreGlvOEt

h c o2h 3.05 4200 2240

h c o2h 3.75 837 2235

h3c c o2h 3.97 503 570

H CCO H 3 2 4.76 83.3 573

H2P0;" 6.05 4.20 57.1

V 0*' 7.02 0.45 58.1

Imidazole 7 .66 0.103 20.0
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Buffer Acid pH 1 04|< 1 /M” 1 s“ 1

(N2GlvGlv');Ca2*

HC02H 3.14 1270 5012

H^CCO^H 3 2 3.97 193 1000

V 0 * '
6.02 1.76 126

V V
6.97 0.192 124

IN2TriGlv')2Ca2*

HC02H 3.14 471 501

HoCC0.H 3 2 3.94 72.6 115

V V
5.99 0.65 7.9

H2 PV
6.98 0.069 8.0

(N2PentaGlv")2Ca2+

h c o2h 3.15 253 263

h 3c c o2h 3.97 37.5 63

i
«*•

oCLCM
X

6.01 0.35 5.76

W
7.00 0.036 5.72

IN_LeuGlv~);Ca2*

h 3c c o2h 4.75 189 1700

H2 PV
6.96 1.13 260
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Figure 16 pH -  Rate P r o f ile  for  D iazoacetylglycinam ide in  Aqueous
-4S olu tion  a t  25°C. I n i t ia l  [S ubstrate] ca . 10 M, p = 0 .6 ,  255nm
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-  2-Diazoacetyglycinam ide in  0.1M H PO, / 0 .1MHPO , pH 6 .8 ,
1 -4  4

25°C. I n i t ia l  [S ubstrate] ca . 10 M

Figure 17 Bromide Catalysis of the Decomposition of
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Figure 18 Thiocyanate C a ta ly s is  of th e  Decomposition
2-

o f D iazoacetylglycinam ide in  0.1M Ĥ PÔ  / 0 -  HPÔ  j_ 

pH 6 .8 , 25°C, I n i t ia l  [S ubstrate] ca . 10
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Table 17 Effect of Nucleophiles on the Decomposition of 

Diazoacetvlqlvcinamide in aqueous buffers at 25°C.__u = 0 .6

Buffer Acid pH Nucleophile 1 03lc2/M“1 s“1 10~41<3/M‘2s"1

HOAC A.75 NaCl 239 1 .34
M NaSCN 906 5.10

V V 6.80 NaCl 2 . 2 1 .39

- - NaBr 6.29 3.97
M - NaSCN 0.33 5.26
M - KI 15.9 10.0

M - Na„So0„ 2 2 3 96.7 61 .0
M - Cysteine 36.5 23.0

M NaN3 6.9 4.35
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2 +

and (N.PentaGlv )_Ca^+ at 25°C:
2

Initial [Substrate] ca.
z  z  

5x 10"5M. u = 0.G

-4l , -2 -1Buffer Acid pH Halide Salt 10 K3/M s

(N2TriGlv")2Ca2*
h 3c c o2h 4.75 NaBr 2.04

- - NaCl 0.49

V V 6.90 NaBr 2.03

- 6.90 NaCl 0.513

{N^PentaGlv'^Ca2*

H_CCO.H 3 2 4.75 NaBr 1 .79
M - NaCl 0.541

H2P°4 6.90 NaBr 1 .77

6.92 NaCl 0.553
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Table 19 Effect of Nucleophiles on the Decomposition of Alkyl

Substituted Diazoacetvl PeDtides at 25°C. Initial [Substrate]
- 4ca. 10 M . u = 0.6. 0.1M Buffer

Buffer Acid pH [Nucleophile]/M i o 4 k /s" 1 
0

NAlaGlvOEt

V < \ 7.0 - 21 .06

" 7.02 0.5M NaCl 20.74

- 7.03 10‘2M NaSCN 20.63

N-| SerGlvOEt

H2 P 0 ;
7.0 - 1.72

- 7.01 10‘2M NaSCN 1 .72

N^LeuGlvOEt

H_CC0„H 3 2 5.50 160
- 5.51 0.5M NaCl 160
- 5.51 10-2M NaSCN 159

H2P04 7.0 - 21 . 6
" 7.0 10"2M NaSCN 21 .8

N.ThreGlvOEt

H2P04 7. 10 - 6.14

"

7.08 10”2M NaSCN 6.16
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Buffer Acid pH [Nucleophile]/M 1 04l< /s" 1 0

(N;GlvGlv~)2Ca2* 

H PO, " 7.0 12.72 4
M 7.05 10”2M NaSCN 12 . 6

(N2LeuGlv~)2Ca2*

6.97 27.2

7.0 10“2M NaSCN 27.0

It is clear from the above results, that the onset of

nucleophilic catalysis is dependent on the structure of the

diazopeptide. It is only observed for the diazo derivatives of

glycyl peptides. Values of the third order rate coefficient ( )
70for N^GlyGlyNH^ are plotted against the Swain-Scott parameter

(n) for each nucleophile, in Figure 19. The plot is linear with

a slope (s) of 0.48. The value of (s) is smaller than for the

reactions considered by Swain and Scott, which indicates that

N^GlyGlyNH^ is less sensitive to the nature of the nucleophile;

probably because N^ is a very good leaving group.

In Figure 19 the point for water plotted at n=0 and obtained

from the second order rate constant for water (!<„ _ + = 29M 1s 1),
H3°

divided by 55.5 lies well below the line. Albery et at * studied 

the halide catalysed decomposition of ethyldiazoacetate and 

diazoacetone in aqueous solutions. They found values of s=0.43

82



Figure 19 Sw ain-Scott N u c leo p h ilic ity  P lo t for  

D iazoacetylglycinam ide , lo g  ~s ^) versus (n)
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for ethyldiazoacetate and s=0.35 for diazoacetone, and the points 

for water were also well below the line. The reason for this is 

that the reactions considered by Swain-Scott usually involved 

neutral substrates, whereas the diazo reactions involve a 

positively charged conjugate acid intermediate, which assists 

nucleophilic attack by charge neutralisation.

4.4 Decomposition of Diazopeptides formed in Situ

Several diazopeptides were too unstable to be isolated and

were formed in situ by the addition of gaseous N_0. to an aqueous2 4
phosphate buffer solution of the dipeptide. Their decomposition 

rates were also monitored by uv spectrophotometry,

(see section 7.2.4). Plots of In (Abs -Abs ) against time were£ oo

linear and k was determined from their slope. Thus ,the o
decomposition of diazopeptides formed in situ also follow pseudo-

first-order kinetics. Since phosphate buffers catalyse the

decomposition of diazopeptides, for each substrate three

phosphate buffer concentrations (0.1 - 0.3M) were examined.

Plots of l<Q versus phosphate concentrations were extrapolated to

zero phosphate to give ku _+[H.0+], (Figure 20). The slopes of
H3° 3

these plots gave !<.„ - , (Table 20) .
H2PtV

The rate of decomposition of authentic diazoacetylglycine 

ethyl ester in phosphate buffer was compared with that formed 

in situ. Results in Table 21 show that the two rates agree 

within experimental error.
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Figure 20 versus [H  ̂ PÔ  ] for N^AlaGly____ ' a t  25°C
pH = 7 .5 ,  y = 0 . 6 ,  260nm
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Table 2D Rates of Decomoosition in PhosDhate Buffers at 25°C of

DiazoDeDtides Formed in Situ. X = 260nmmax

Diazopeptide pH 104' V CH30 t ] / S ' 1
104l<l/M"1s‘1

n 2c (c h 2o h )c o n h c h2c o 2
- 6.5 1 .19 19.5

(39) 7.5 0.118 20.0

7.4d 0.147 19.0

N2C(Me)C0NHCH2C02" 6.8 27.6 170

(±4) 7.5 5.5 168

7.4d 6.9 167

d0.5M NaCl

Table 21 Comoarison of the Rates of DecomDosition of Diazoacetvl-

alvcine ethvl ester Formed in Situ and of the Authentic ComDound

0.1M H.PO.“/0.1M HPO.2" Buffer, u = 0.6. 250nm. 25°C
6

Method pH 104l< /s" 1 0

Authentic 7.10 0.53

in Situ 7.10 0.48
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4.5 Solvent Deuterium Isotope Effects

The solvent deuterium isotope effects for the decomposition

of several diazopeptides were measured in dilute perchloric and

deuteriated perchloric acid, (Table 22). The rates of

decomposition of diazopeptides were very fast in these media and

a stopped-flow technique was therefore used. This allowed the

reactants to mix rapidly, and reactions with half-lives >0.5

seconds could be measured. Values of |< were obtained in theo

usual manner from the uv absorbance measurements, (section 4.1). 

Values of Q+ were obtained from the slopes of the plots of kQ

versus [H 0+], (Figure 21). They agree well with k + obtainedj H _ 0

from decomposition of diazopeptides in aqueous buffers,

(Table 16).

Rate = [Diazopeptide][k + [H 0 + ]...............(13)
j° 3

Rate = kQ[Diazopeptide]....................... (9)

■ •<H30+CH30 + ]
The results are summarised in Table 22 and show that an inverse

deuterium isotope effect (k + /k n+ <1 ) applies to the
H _ 0 D_ U3 3

decomposition of diazoacetylglycine ethyl ester and (N^TriGly J^Ca

whereas a normal effect (k + /k- n+ >1* is observed for alkyl
3 3

2 +

— 2 +substituted diazoacetyl peptides and (N2GlyGly )2Ca
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Table 22 Solvent Deuterium Isotope Effects for the Decomposition of

o - 4Diazopeptides in perchloric Acid at 25 C. InitialCSubstrate]ca.10 M

Diazopeptides l< + /M  ̂s ^
h3o V /M'v ’ kH y /kD,03 3

N^GlyGlyOEt 54 193 0.28

(N2TriGly")2Ca+ 63 217 0.29

N2SerGlyOEt 122 48 2.54

N2LeuGlyOEt 256 101 2.54

(N2GlyGly')2Ca2+ 176 130 1 .35

4.6 Decomposition at Elevated Temperature

The effect of temperature (15-50°C) on the decomposition of

diazoacetylglycinamide and diazoacetylglycine, calcium salt

were examined in phosphate buffer at pH 6.9. The results are

summarised in Table 23. Catalysis by the phosphate buffer cannot

be ignored, hence for each temperature rates were measured at

three different phosphate concentrations but constant pH. The

value of l< extrapolated to zero phosphate concentration gave o

|c +[H 0+], (Section 4.2.). The Arrhenius plots obtained from H3O 3
the data are linear, (Figures 22. 23) and the activation

parameters calculated from them are summarised in Table 24.

The activation energy for the decomposition of N^GlyGlyNH^

2 +is slightly greater than for N^tGlyGly J^Ca , which agrees with 

ca .6 fold greater stability of N^GlyGlyNH^. The entropies of 

activation for both compounds are negative, which indicates that 

their decompositions are bimolecular processes.
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Figure 21 Decomposition o f  D iazoacety lg lycin e  e th y l e s te r  

in  D ilu te  P erch loric  Acid a t  25°C, I n i t ia l  [Substrate] 

ca. 10_4M

[HClOj/mM4
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Table 23 Effect of Temperature on the Decomposition Rates of

2 +N^GlvGlvNH,, and (N^GlvGlv ) ̂ Ca in Phosphate Buffers. pH 6.9.
-4Initial [Substrate] ca.10 H . u= 0.6

T/°C 3-110 T / k 1 1 °6|<h/ CH3 ° ^ ' 1
-In (Ic + [H 0 + ] / s 1 

H3° 3

N2G1vG1vNH2

15.1 3.471 1.08 13.74

25.0 3.356 3.66 12.52

37.2 3.224 13.9 11.18

40.0 3.195 22. 6 10.70

50.5 3.091 61 .3 9.70

iH2.Gly.G.ly"l2Ca. 2 +

15.2 3.470 17.6 10.95

25.1® 3.355 44.1 10.03

37.0 3.226 142 8.86

40.3 3.192 181 8.62

50.0 3.096 371 7.90

6 pH 6.61
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_4  ̂ ^
pH 6 .9 ,  y = 0 . 3 ,  I n i t ia l  [Substrate] ca . to M
Figure 22 Arrhenius Plot for the Decomposition of N GlyGlyNH in Phosphate Buffer
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0.999



_4  ̂ ^
pH 6 . 9 ,  M = 0 . 3 ,  I n i t ia l  [Substrate] ca . 10 M

— 2+Figure 23 Arrhenius Plot for the Decomposition of (N GlyGly ) ?Ca in Phosphate Buffer

VOM
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Gradient 
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Table 24 Activation

Parameters for the H^O* Catalysed Decomposition of 

N2G1vG1vNH2 and GlvGlv^ C a 2* at pH 6.9

Diazopeptide E /KJmol"1 a AS^/eu

N.CHCONHCH_C0NH_ 
2 2 2 89.8 -87

? +(N-CHC0NHCH_C0_ Lea 
2 2 2 2 68.3 -1 1 1

4.7 Discussion - Mechanism of Decomposition and Reactivity 

of Diazopeptides in Aqueous Media

The decomposition of all the diazopeptides is subject 

to general-acid catalysis. This is consistent with a 

mechanism (Scheme 21 ) . in which either or l<2’ is rate- 

limiting i.e. either the A-S^2 or A-2 mechanisms, 

respectively. A distinction between these two mechanisms 

can be drawn from structural effects, nucleophilic catalysis 

and solvent deuterium isotope effects.

The results in Table 16 show that the substituent (R) 

adjacent to the diazo group effects the stability of the 

diazopeptide. Thus, N2GlyGlyNH2 where R = H is 200 times more
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kj(HA)

N.CCONCH.COX ^ --------
2 | | 2 k ' (a” )
R R’

N CHCONCH COX + A
2 | I 2
R R*

( I )

D

NuCHCONCH.COX
I I 2
R R’

X = OEt, NH2, 0

R = H, CH3, CH2OH, CH2CH(Me)2, CH(Me)OH 

R* = H, Me 

Hu = nucleophile

Scheme 21

stable than N2AlaGlyOEt where R = CH^. The nature of the 

carboxylate group has little effect on the decomposition rates 

and N2GlyGlyOEt where X = OEt is only 3 times more stable than 

(N2 GlyGly )2Ca2+ where X = 0 . Other work*0 has shown that the 

(R’) substituent also has little effect on the rate of 

decomposition of diazopeptides.

The effect of the (R) substituent must relate to its ability 

to stabilize the carbonium ion generated by deamination of the 

diazopeptide. The reactivity of diazocompounds derived from 

glycyl peptides is very similar and they tend to be the most 

stable. The diazopeptide (.32) where R = CH^ derived from the 

ethyl ester of alanylglycine is about 100 times more reactive 

than (4.) where R = H. The diazopeptides where R = H2C0H, 

H2CCH(Me)2 and HC(Me)0H have stabilities intermediate to
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diazoacetylglycine peptides and N^AlaGlyOEt, (Table 25) . The 

free diazopeptides (11) . (J_4) , (2i) and (3_9) are about 3-4 times 

more reactive than the corresponding ethyl esters (4.) , (.32.) , (34.) 

and (13), respectively.

Examination of Scheme 21 suggests that nucleophilic

catalysis and inverse deuterium isotope effect (i.e. q + ̂ D  q + <1)

will apply to the A-2 reactions whereas no nucleophilic catalysis and

normal solvent deuterium isotope effect (i.e. I< + /k_ n + >1^
H3° D3°

to the A-S^2 pathway. Significantly no nucleophilic catalysis 

and Ic + /|<d Q+ > 1 are observed for diazopeptides bearing an

alkyl substituent at the a-c atom to the diazo group. Thus, for

these compounds l^'must be the rate-limiting step. For most of

the diazoacetylpeptides (i.e. those derived from glycyl peptides)

catalysis by nucleophiles such as halides is observed and

l< n + zkn n+ < 1 • This means that l<_ must be the rate limiting 
3 3

step. The one exception is the diazoacetylglycine, calcium salt

which is not catalysed by nucleophiles and l<̂  ̂+ /1<̂ > 1 . The
j U 3

reason for this difference is discussed below.

The key factor influencing the reactivity of diazopeptides 

and the mechanism of their decomposition is the stability of the 

carbonium ion formed by expulsion of from the conjugate acid 

intermediate (I), (Scheme 21). The least stable primary

diazoacetyl re: In general, these substrates

carbonium ion from substrate containing the

are the least reactive and,

95



Table 25 Relative Stabilities of Diazopeptides in Aqueous

Solution

Diazopeptide Relative Stability

N2GlyGlyNH2 1

(N2PentaGly )2Ca2+ 1

(N2TriGly')2Ca2+ 2

N2GlyGlyOEt 2

N2SerGlyOEt 4

(N2GlyGly')2Ca2+ 6

N2LeuGlyOEt 8

N2ThreGlyOEt 18

(N2LeuGly")2Ca2+ 33

N2SerGly 12

N2AlaGlyOEt 201

N2AlaGly" 535

with the exception noted above (diazoacetylglycine, calcium salt)

their decomposition follows an A-2 pathway (kg’ slow step). The

alkyl substituted diazoacetyl peptides generate a more stable♦ .secondary carbonium ion (HCRCNH-). This speeds up the ' step - 

which causes the change to an A-S^2 pathway (1ĉ * slow step).

The relative reactivity of the diazopeptide is proportional

to electron donation at the a-C atom as measured by the pKA of
A

the parent peptide for N-protonation. Figures 24. 25, 26

(Tables 26, 27, 28.) show plots of log k - , log ku r r n  u , log
*• 2 r  ̂3 2^
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... respectively against pK.**7 of the parent peptide (a least HCO^H A

square linear regression computer program was used to obtain the

best straight line through the data points). Each plot gives two

separate lines, the top line in each plot passes through

diazopeptides that decompose via an A-S^2 pathway whilst the

bottom line passes through diazopeptides that decompose via the

A-2 pathway. The slope of the lines is not exactly one because

the pK. of parent peptide and not the diazopeptide is used to A

correlate the data. Plot of log k + versus pK gives much moreH _ 0 A

scatter.

As noted previously diazoacetylglycine, calcium salt is 

exceptional compared with other diazo derivatives of 

glycylglycine. It decomposes about 3 times more rapidally than 

the corresponding ethyl ester, but via an A-S^2 pathway. A 

plausible explanation is an intramolecular interaction of the 

terminal carboxylate ion with the diazonium ion to generate 2,5- 

diketomorpholine (.£0), (eau.14). This would increase 

(Scheme 21) and make l< ' rate-limiting i.e. A-S 2 pathway.

n2 C

0
II

X - 0 ,
HN‘

" c.

if
0

(40)

C H.
(14)

To check this point (40) was synthesised independently. It 

is insoluable in most solvents and only slightly soluable in
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Table 26 Values of k - for DiazoDeDtides and d K of the H^PO^----------  A-------

Parent Peotide in Aqueous Solution

Diazopeptide
pKa 10\ p o r /H'V 1  2 k

44109 I<h2p o4.

N261yGlyNH2 7.48 3.45 0.538

(N2PentaGly")2Ca2+ 7.70 5.74 0.759

NgGlyGlyOEt 7.70 4.78 0.679

(N2TriGly‘)2Ca2+ 7.91 7.95 0.900

N2SerGlyOEt 7.33 15.95 1.203

N2SerGly 7.33 19.5 1 .290

NgThreGlyOEt 7.7 57.6 1 .760

(N2GlyGly‘l2Ca2* 8.13 126 2.100

N2AlaGlyOEt 8.24 150 2.177

N2AlaGly" 8.24 168 2.225

N2LeuGlyOEt 8.28 214 2.330

(N2LeuGly")2Ca2+ 8.28 260 2.415
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Table 27 Values of for DiazoDeptides and dK . of the Parent

PeDtide in Aaueous

“^HoCC0„H“ 3 2

Solution

A

Diazopeptides
pKa i o 4 k / m ~ V ‘H_CC0_H 3 2

 ̂ 4+logk
x a 9 ^H3 cco1H

N2GlyGlyNH2 7.48 45.3 1 .656

(N2PentaGly )2Ca2+ 7.70 63 1 .799

N2GlyGlyOEt 7.78 67.6 1 . 830

(N2 TriGly')2Ca2+ 7.91 115 2.061

N2Ser GlyOEt 7.33 185 2.267

N2ThreGlyOEt 7.7 572 2.757

(N2GlyGly')2Ca2* 8.13 1000 3.000

N2AlaGlyOEt 8.24 1976 3.296

N2LeuGlyOEt 8.28 1520 3.182

(N2 LeuGly')2Ca2+ 8.28 1700 3.231
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Table 28 Values of kllrn u for DiazoDeDtides and oK of the ParentHCO^H

PeDtide in Aaueous Solution

A

Diazopeptide
pKa 1°4kHC02H/M'V 1 4 + 1°9kHCOz H

N2Gly61yNH2 7.48 217 2.337

2 +(N2PentaGly )2Ca 7.70 263 2.420

N2GlyGlyOEt 7.78 299 2.476

(N2 TriGXy')2Ca2t 7.91 501 2.700

N2SerGlyOEt 7.33 797 2.902

N2ThreGlyOEt 7.7 2238 3.350

(N2 GlyGly'^Ca2* 8.13 5012 3.700

N2AlaGlyOEt 8.24 10000 4.000

N2LeuGlyOEt 8.28 4820 3.683
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Figure 24 Plot of
k PO-  2 4

versus pK,ii
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Figure 25 Plot of log CCq  p versus pK^
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Figure 26 Plot of
C02a

versus pK
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water and ethanol which excludes hplc and glc analysis for (AO)

in reaction solutions. Because (4_0) is only slightly soluable in

water it precipitated out of the reaction solution (Section 7.3).

and was identified by mass spectroscopy. It also had very similar

infra-red to that of the authentic compound (40.). The yield of

2+(40) was 80Z of the reaction product of (N^GlyGly J^Ca in 

aqueous solution.

4.8 Conclusion

The results of this study show that the structure of the 

peptide influences the stability of the diazopeptide. Peptide 

chain length is probably unimportant for peptides longer than a 

tripeptide, and the dipeptide is atypical. The most important 

structural factor is substitution on the a-carbon atom to the 

diazo group.

The mechanism of decomposition of the diazopeptides in 

aqueous solution is also related to their structure. Diazo 

compounds derived from glycyl peptides tend to be the most stable 

in aqueous solution and except for diazoacetylglycine, calcium 

salt deaminate via an A-2 pathway. Diazoacetylglycine, calcium 

salt decomposes via an A-S^2 pathway, this is probably due to an 

intramolecular interaction of the terminal carboxylate ion with 

the diazonium ion to generate 2,5-diketomorpholine. Diazo 

compounds derived from alkyl substituted glycly peptides are much 

more reactive and deaminate via an A-S^2 pathway.

The structural factors affecting stability will also 

influence the biological activity of diazopeptides. Because of 

their greater stability, peptides with a terminal glycyl amino
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residue should 

compounds have

be the most important. Significantly, these

64,65
proven to be respiratory carcinogens.
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CHAPTER 5

DECOMPOSITION OF DIAZOPEPTIDES IN NON AQUEOUS MEDIA

106



To further assess the potential health hazard of 

diazopeptides their stability was examined in matrices which 

resembled food and stomach contents. These selected were organic 

solvents to represent the lipophilic phase of food and human 

gastric aspirates.

5.1 Decomposition in Organic Solvents

To assess the stability of diazopeptides in organic solvents 

the change in the 380nm band of N^GlyGlyOEt, N^LeuGlyOEt and 

N^ThreGlyOEt was monitored at 25°C and 50°C in ethylalcohol, 

tetrahydrofuran, octan-1-ol, butan-1-ol, hexane and cyclohexane. 

There was no significant change in the absorbance over one week. 

Further, about ten fold more acid was required to destroy the 

diazopeptide in ethylalcohol relative to water.

5.2 Decomposition in Bipka-si-c. Srsfce-m

The stability of diazopeptides was also examined in a two-

phase system where the upper layer was an organic solvent

immisible with water and the lower layer was aqueous 0.01M or

0.1M HC1. The diazopeptides decomposed more rapidally in this

system than in the organic solvent alone. Examination of the

organic phase produced linear plots of ln(Abs -Abs ) versus time,t °°

(Section 7.2.3) and the reactions must therefore follow first- 

order kinetics. This suggests that diffusion of the 

diazopeptide is a first-order process. This conclusion was 

checked by using different initial concentrations of 

diazopeptide. The results are summarised in Table 29.

The stability of 3 diazopeptides in several organic solvents
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plus 0.01M HC1 was examined and the results are summarised in

Table 30. Clearly the more lipophilic diazopeptides N^LeuGlyOEt

and N^ThreGlyOEt decompose less rapidly than N^GlyGlyOEt.

Effects of acidity in the aqueous phase was also examined for

N^ThreGlyOEt in 3 organic solvents whilst keeping the ionic

strength constant (p = 0.1). These results are summarised in

Table 31 where it is seen that the acidity has no effect on the

rate of decomposition. The lack of any acidity dependence

implies that diffusion of the diazopeptide into the aqueous phase

is the slow step. Surprisingly, the ionic strength has a large

effect on the rate of diffusion. For the reaction of

N2ThreGlyOEt in ethylacetate and 0.01M HC1, l<Q = 0.16x10 4s  ̂ and 
-4 -1

1.5x10 s for p = 0.01 and 0.1, respectively.

Table 29 The Effect of CN^ThreGlvOEt] Concentration on the

Rate of its Decomposition in Two Phase System.

Ethvl acetate /0.1M HC1. u = 0.1. 25°C. A = 380nmmax

102[(35)]/M 104k /s"1 0

0.5 1 .51

1 . 0 1 . 50

5.0 1 .48

8.0 1 .45

10.0 1 .49

108



Table 30 First Order Rate Constant (k ) for the0

DecomDosition of OiazoDeDtides in Two Phase Svstems

at 25°C. Initial -2[Substrate] ca. 5x10 M, A =max 380nm

Aqueous Phase 10 HC1. Ionic Strength=10 M̂.

Diazopeptide Organic Phase 104W /s"1 0

N^GlyGlyOEt Ethylacetate 64.2

N2LeuGlyOEt Ethylacetate 9.63

Octan-1-ol 12.2

Butan-1-ol 36.6

Hexane -

N2ThreGlyOEt Ethylacetate 0.160

Octan-1-ol 0.55

Butan-1-ol 1.82

Hexane 23.4

Cyclohexane 25.5

109



Table 31 A Summary of Observed-First Order Rate Constant

(l< ) for W.ThreGlvOEt in Two Phase Svstem at 25°c,
0 z

-2Initial [Substrate] ca . 5x10 M, A = 380nm. max Ionic

Strength 0.1M, (added NaClO.) 4

Organic Phase Aqueous Phase 104k / s ' 1 0

-3Ethylacetate 10 M HC1 1 .45

10"2M HC1 1 .50

10_1M HC1 1 .48

Octan-1-ol 10"3M HC1 5.60

10”2M HC1 5.42

10"1M HC1 5.53

Butan-1-ol 10_3M HC1 18.9

10~2M HC1 18.6

10_1M HC1 18.9
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5.3 Decomposition in Gastric Juice

The decomposition of diazopeptides was also examined in

normal fasting human gastric juice (pH 2.21). To estimate the

lifetimes of diazopeptides in the stomach, some of these studies

were carried out at 37°C and compared with decomposition rates in

aqueous buffers at 37°C. Decomposition in gastric juice was also 

omeasured at 25 C.

It was not possible to obtain reliable data by uv 

spectroscopy due to the opacity of the gastric juice, so hplc 

analysis was used. The pH of the gastric juice was adjusted by 

the addition of solid borax and measured with agreement to ± 0.2 

pH units before and after the reaction. The decompositions in 

gastric juice were also pseudo-first-order and k was determined

from the slope of In(Area  ̂ - Area ) versus time pioo

(Figure 27). Values of 1<0 (Rate = k [Diazopeptide]) 0

reproducible to ± 21 . The results are summarised in

Tables 32 « 33.
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Figure 27 Example of Pseudo-First-Order Plot for the
Decomposition o f N^LeuGlyOEt in  Bu ffered  G astric Ju ice2 _  —
pH = 5 .94,  25°C I n i t ia l  [S ubstrate] ca . 10 M
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Table 32 Summary of k for Diazopeotide Decomposition
0

in Buffered Human Gastric Juice and in Aaueous Buffers at 37°C.

initial [Substrate] ca. -410 M

Substrate pH i o 4k0/ s " 1

(in gastric 
juice)

4i + -1 10 ku +[H 0 ]/s H3O 3

(in aqueous 
solution)

N2CHC0NHCH2C02Et 5.1 10 . 22 16.3

6.4

f7.40

0.50

0.05

0.82

7.41 0.05 0.08

N_C(CH.0H)C0NHCH_C0_Et 2 2 2 2 5.48 7.90 13.1

6.70 0.48 0.79

? +
(N2PentaGly J^Ca 4.60 41 .3 29.5

5.20 10.4 7.41

5.62 3.67 2.82

6.51 0.42 0.36

7.60 0.04 0.03

f
Natural gastric guice at pH 7.4 (no added buffer).

113



Table 33 Summary of k for Diazooeptide Decomposition in
o

oBuffered Human Gastric Juice and in Aqueous Buffers at 25 C ,

-4Initial [Substrate! ca. 10 M.

Substrate pH 1 o4 l< /s-1 0
41 + -1 

10 ]/s
H3° 3

(in gastric 
juice)

(in aqueous 
solution)

N2C(Me)C0NHCH2C02Et 5.90 15.18 76.9

6.95 1 .43 6.85

7.50 0.40 1 .93

N2C(CH(Me)0H)C0NHCH2C02Et 5.30 5.25 23.7

6.50 0.35 1 .49

N2C(CH2CH(Me)2)C0NHCH2C02Et 4.70 10.5 52.4

5.94 0.63 3.02

(N2CHC0NHCH2C02)2Ca2+ 5.41 4.57 6.99

6.35 0.53 0.80

(N2C(CH2CH(Me)2)CONHCH2CO‘)2Ca2+ 5.70 4.94 21 .4

6.75 0.44 1 .90
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2+ . . .For (N^PentaGly J^Ca decomposition in gastric juice was

measured at five different pH values. Figure 28 shows a plot of

log k versus pH for (37). It has a unit slope which indicates o

that only the acidity and not entities such as chloride etc,

present in the gastric juice have influence on the decomposition

rate. It should be noted however, that the original pH of the

pooled gastric juice was 2.21. Thus, its chloride ion

- 2concentration is ca. 10 M, which is too low to show appreciable 

nucleophilic catalysis (Section 4.3).

2 +All the diazopeptides apart from (N^PentaGly )^Ca (37.) 

decomposed slightly faster in aqueous solution compared with 

gastric juice of the same pH, with tj,=3min - 48h (pH 4.6 - 7.6,
7-

37°C) in buffered gastric juice.

Independent experiments in borax buffers containing

increasing amounts of gastric juice (Figure 29) using N^GlyGlyOEt

at 37°C showed that the inhibition is proportional to the

percentage of the gastric juice. In pure gastric juice,

N^GlyGlyOEt is ca. 1.6 times more stable than in borax buffer at

the same pH. This difference agrees well with those in Table 32.

Decomposition of N^GlyGlyOEt was also examined in fasting

gastric juice at pH 7.4 obtained from a patient suffering from

pernicou.* anemia. The value of k obtained was identical too

that for buffered normal gastric juice at pH 7.41, (Table 32). 

Thus, buffering the gastric juice with borax has no adverse 

effect on its ability to stabilize diazopeptides.
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F ig u re  28 lo g  K a g a in s t  pH f o r  th e  D ecom position o f  (N 
-  2+

P entaG ly  Ca in  G a s t r ic  J u ic e  a t  37°Cr X = 250nm -------------1— 2-----------------------------------------------------— max--------------
I n i t i a l  [S u b s t r a te ]  c a .  10 M
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F ig u re  29 The E f f e c t  o f  Normal G a s tr ic  J u ic e  C o n c e n tra tio n

on th e  R ate  o f  D ecom position  o f  N^GlyGlyOEt, borax/H C10  ̂

b u f f e r ,  37°C, pH 7 .0  I n i t i a l  [S u b s tr a te ]  c a .  10
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5.4 Reactivity as Alkylating Agents

52Work by Parodi et al shows that N-diazoacetylglycinamide,

diazoacetylglycinemethylamide, diazoacetylglycine hydrazide and

diazomethylalanine ethyl ester are alkylating agents towards 4-

7 2(p-nitrobenzyl) pyridine, ((II), NBP). This reagent has found 

wide application to quantify the alkylating ability of cytot.oxic 

compounds. In the assay, alkylation of the pyridine at pH 4-5 

gives a cation (III), which on deprotonation in strongly alkaline 

solution forms a dye(IV). The absorbance of the dye (X = 

540nm) is proportional to the extent of alkylation.

H H* H
aXv /Cv pH 4-5 / i-s. vtN. /

CH z---------- Hf

; H H

I H C ^  'C
7 I II I H

HC^  - N
H (in

CH

o2n X"
H

R

Ha£  H H H Ha H
\ \ Z < ^  ^ C H  alkali \ \ Z < ^

I [I I I <-----------  I |l I
C / N R

0 .N  U2
2 ,tw' H . H (Tin H

H +

(iv:
0 , ^ /  "ĉ c/ " n

(III)

Five diazopeptides, N^lyGlyOEt, N^LeuGlyOEt, N^ThreGlyOEt,
_ 2 + 2 +

(N^GlyGly )^Ca and^^TriGly J^Ca were examined by this procedure
g

and the results compared with N-methyl-N-nitrosourea (MNU), a well 

known carcinogen and alkylating agent.

Three assays were carried out for each compound. In the first, 

absorbance of the dye (IV) was monitored with respect to time at 37°C 

and pH ca.4, (Figure 30). The absorbance increases with respect to time, 

because decomposition of the diazopeptide to generate the alkylating
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agent is slow at pH 4-5 and only complete after ca. 120min. The

decomposition in these assays followed oseudo-first-order

kinetics, (Figure 31). For MNU, the absorbance was constant with

time. The maximum absorbance value for each compound (Table 34)

was taken as a measure of its alkylating ability.

In aqueous solution at pH4, N^GlyGlyOEt decomposes with

tt  < 2min whereas in the NBP assay t-r ca. 15min. This indicates 
2 2

that N^GlyGlyOEt is stabilised in the reaction solution for the 

NBP assay. To check this point the decomposition of N^GlyGlyOEt 

was followed by hplc using a PRP column eluting with a pH9 buffer 

consisting of 0.05M borax, 7.5Z CH^CN, 0.5Z tetra-n-butylammonium 

hydroxide under the same reaction conditions as employed for the 

NBP assay. The decomposition followed pseudo-first-order 

kinetics with t-̂- = 14min, which proves that N^GlyGlyOEt is ca.7 

times more stable in the acetone/water mixture.

Table 34 Relative Alkylating Activity of Diazopeptides 

100x10"4M NBP. 200x1 0~4M HC1. Initial [Substrate] 

ca. 20x1Q~4M. 37°C . A = 540nm

Substrate Abs00 Relative to MNU

MNU 0.068 1

(N2GlyGly")2Ca2+ 0.012 0.17

N2ThreGlyOEt 0.082 1 .2

(N2TriGly")2Ca2+ 0.134 2.0

N2LeuGly0Et 0.16 2.4

N2GlyGlyOEt 2.12 31
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Figure 31 Pseudo-First-Order Plot for the Alkylation
o f NBP by D iazoacety lg lyc in e  Ethyl Ester a t  37°C
X 540nm, 600x10~4M NBP, 200x10_4M HC1,—max-----------------------------------—-----------------------
I n i t ia l  [Substate] = 20x10 M
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In the second alkylation 

concentration on the maximum a

assay effect of 

bsorbance (Abs

substrate 

was determined

(Figure 32). Clearly Abs increases linearly with the
00

concentration of the substrate. The slopes of these plots 

summarised in Table 35 and they suggest that diazopeptides 

better alkylating agents than MNU.

are

are

Table 35 The Effect of Change in Abs Value with Respect to
00

the Concentration of the Substrate. 30l excess NBP. 102 excess

HC1. dH c a . 4 . 37°C. A = 540nm ----------- ---------- max-------------------

Substrate Gradient of Figure 32/M ^ Relative to MNU

MNU 32 1

N^ThreGlyOEt 39.2 1 . 2

(N2TriGly")2Ca2+ 67 . 1 2. 1

N2LeuGlyOEt 78.0 2.4

N2GlyGlyOEt 890 28.0

For the third alkylation assay the dependance of Abs on NBP
00

concentration at a constant pH (ca.4) was determined. The

results, summarised in Figure 33 show that Abs^ increases linearly
- 2 + — 3with NBP concentration apart from (N^GlyGly )2Ca , where 5x10 M 

NBP produces a maximum absorbance which remains constant with 

increasing NBP concentration.

Glycylglycine ethyl ester, glycylglycine itself 

chloroacetylglycine ethyl ester and hydroxyacetylglycne ethyl
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[Substrate] Using 30% Excess NBP, 10% Excess HC1, 37°C
pH ca . 4 A  = 540nm *---------------- —max-------------

Figure 32 Showing Increase in Abs^ with Respect to
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(1
3)

, 
(3

5)
, 

(3
6)

t h e  C o n c e n tra tio n  o f  NBP a t  37°C, Abs_ ta k e n  a f t e r  120min
-4

X  = 540nm I n i t i a l  [S u b s t r a te ]  = 20x10 M 
—max--------------------------------------------------------------- -----

Figure 33 Showing the- Change in Abs^ with Respect to
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ester were also tested for their alkylation ability. After 

120min at 37°C, no absorbance at 540nm was detected for all, but 

the chloroacetylglycine ethyl ester which gave Abs^ = 0.005.

This shows that neither the parent peptide nor the products of 

decomposition produce an artificial result.

All of the above results show that N^GlyGlyOEt, N^LeuGlyOEt,

2 +N^hreGlyOEt and (N^riGly )2Ca are alkylating agents towards 

NBP. Diazoacetylglycine ethyl ester is the most effective 

whereas, the other three diazopeptides (21). (21), (2i) and MNU 

have very similar efficiency. In the assay solution, NBP, 

chloride ion and water all compete for the carbonium ion formed 

by expulsion of N2 from the protonated diazo intermediate. It 

was shown in Chapter 4 that the decomposition of NgGlyGlyOEt is 

catalysed by nucleophiles (A-2 pathway) and this may explain the 

higher extent of alkylation.

Diazoacetylglycine, calcuim salt gives different results 

compared to the other diazopeptides. In particular, the Abs^ is 

lower and does not increase with increasing NBP, (Figure 33). A 

possible explanation is that intramolecular formation of 2,5- 

diketomorpholine (Chapter 4) is more facile than the alkylation 

of NBP.

5.5 Summary

The findings show that lipophilic diazopeptides are more 

stable in organic solvents than in aqueous acidic media and in a

two phase system such as food matrix their stability is enhanced

to give life time s of 2-720min. These may be suffici ently long

for absorption in the gastric tract to occur.
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The stability of diazopeptides in gastric juice and in

aqueous solutions of the same pH is similar, but most tend to be

more stable (2-5 times) in gastric juice. In gastric juice at pH

4.6 - 7.6, ty=3min-48h (37°C) which is sufficiently long for

the absorption of diazopeptides from the stomach contents. High

gastric pH (7-8)1  ̂ is associated with medical conditions such as 
9 10gastrectomy or pernicous anemia, hence for such individuals 

diazopeptides could be a factor in their well-being.

It is known that several carcinogens are also good alkylating 

agents. The results in section 5.4 show that some diazopeptides 

are as good as or even better alkylating agents than MNU, a known 

potent carcinogen.

126



CHAPTER 6

FORMATION OF 1.2.3-TRIAZOLES FROM PIAZOPEPTIDES IN 

ALKALINE SOLUTION
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In 1906 Curtius and Thompson observed that N^GlyGlyOEt 

cyclised in alkaline solution to give a compound, to which they 

assigned the structure Q l ) . The structure was not proven, but 

was based on elemental analysis and the chemical properties of 

the compound.

53

NaOH
N2CHC0NHCH2C02Et --------- > N^HCONHCH^O"

(4.) (II)

O I)

The kinetics of formation of (IX) in alkaline solution were
40examined in our laboratory by Glover. He showed that (4.) first 

hydrolysed to the diazopeptide (_1_3) which then cyclised in a 

rate-limiting step to the triazole (U.) . Glover found no 

evidence that (J_7) underwent ring opening to give a diazopeptide

in either acid or alkali. This reaction, known as the Dimroth
56 57rearrangement, had been predicted by Brown and Hammick.

In the course of the present work, the related formation of

the triazole (4J.) in alkaline solution from the parent

N2GlyGlyNH2 has been examined. Compound (jM) was synthesised as
43described by Curtius and Thomson, but on treatment with 4M NaOH

NaOH N--- N
N CHCONHCH CONH ------ > | |

HCC\ .N-^CONH 
( 21 )  C

I
OH

(4JJ
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it gave the triazole (JJ.) rather than (4J.) i.e. hydrolysis of the

amide bond occurred concuriently. With 1.0M NaOH, however, (4J_)

was obtained. Compounds (JJT) and (4J.) obtained from these

reactions gave good microanalyses and their structures were

confirmed by mass spectrometry. In particular, loss of C02

(characteristic of carboxylic acidsjwas evident in the mass

spectrum of (_1_7) whereas loss of C0NH2 was evident in the mass

spectrum of (4_1J . The H’-nmr spectrum of (_T7) showed two

singlets at 67.0 (1H) and 5.0 (2H) and compound (4J_) showed

similar singlets at 66.9 (1H) and 64.7 (2H). Therefore compounds

(17) and (4JL) exist mainly in the enolic form (17a) and (41a) .

The infra-red spectrum of (41) showed a peak at v = 1 6 8 0 ( a m i d emax
C=0) and compound (17) showed a peak at v = 1720 (acid C=0).max
Potentiometric titration of (17) and (4J.) gave pKA = 3.5

A

(carboxyl group), 5.6 (enolic OH) and 5.0 (enolic OH), 

respectively.

In water, compounds Q7.) and (4J_) showed = 269nm (e = 5400,m 3 x
e = 5643 M 1 cm 1 respectively). On changing pH, the shifts in the 

absorbance maxima were found to be reversible, and are therefore 

associated with ionisation of the substrates.
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fi-1 Kinetics of Triazole Formation

Kinetic measurements of the formation of triazole (4JJ from

N2GlyGlyNH2 were carried out at 25°C in 0.01-0.1M NaOH by following

the decrease in the weak diazo absorbance at X = 380nm (e = 18Mmax
cm ^). The stronger diazo absorbance at X = 255nm (e = 21.000M 3 max
cm-1) could not be used because the triazole product also absorbs

at that wavelength. Plots of ln(diazo absorption) against time

were linear so the reactions follow eau. 15. Further, values of

l< varied linearly with [NaOH] (Figure 34) and the full rate o
expression is therefore given by eau. 16. From Figure 34 l<2 =

349 x 10”4m " 1 s ' 1 at 25°C.

Rate = l< [ (11) ].................... (15)o
Rate = l<2 [ (11) ] [NaOH]..............(16)

Using an hplc assay, the decomposition of N2GlyGlyNH2 and the 

formation of (4JJ in dilute alkali could be monitored concurrently 

(see section 7.4.2). The retention times of the reactant and 

potential products on a Hamilton PRP-1 column eluted with 0.05M borax, 

4 l  acetonitrile and M  tetra-n-butlammonium hydroxide are summarised 

in Table 36. Plots of both ln[Area (H)] and ln[Area (4J_)] against 

time were linear and pseudo-first-order rate coefficients for both 

loss of (11) and formation of (4JJ (Table 37) are in good agreement. 

Thus, the rate of formation of (4J.) is identical to the rate of 

consumption of the substrate (H) .
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/

Figure 34 Dependence o f  on [NaOH] for th e Formation 

o f T riazo le  (41) a t  25°C
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Table 3B Retention Times of Triazoles (17). (41) and

Diazopeptides (21). (13), (4)

Compound Retention Time/min

N_CHC0NHCH_C0NH_ 
2 2 2 (li) 2.92

N = N

Nl^CONH,,\ / (41) 4.51

I
OH

(N2CHC0NHCH2C02")zCa2 + (13) 7.04

^ N = N

HCnv W h 

c/

(1 1 ) 13.11

I
OH

N2CHC0NHCH2C02Et (1 ) 14.20

The solvent deuterium isotope effect was measured in 0.05M

o ^H2°sodium hydroxide at 25 C from the consumption of (2_U and h----
kd2o

(Table 38). Thus H - transfer is not rate-limiting

0-73
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Table 37 ComDarision of 1< Measured bv HPLC and UV Assay for ----------------------o

the Formation of (41) Using 10~2M N^GlvGlvNH  ̂ (21). 25°C

Method of Analysis o
JX•j-o /s‘ 1

0.01M NaOH 0.05M NaOH

Diazo UV, A = 380nm 3.30 17.4

HPLC assay for (21) , A = 250nm 3.10 17.3

HPLC assay for (41) , A = 250nm 3.08 17.0

Table 38 Solvent Deuterium IsotoDe Effect

10"2M N^GlyGlyNH^ (2J_) , 0.05M NaOH or NaOD ,nD = 0.98), 25°C,

A = 255nm. max

Solvent 104k /s" 1 0

o(VI
o L „ °2o = 2 2 . 1

H2° kH2 0 = 17.4

Since the rate of decomposition of N^GlyGlyN^ is the same 

as the rate of formation of (4_1_) , the rate-limiting step must be 

the formation of (4J.) as shown in (Scheme 23). The formation of 

(4J.) from N^GlyGlyNH^ is about fifty times faster than the 

formation of (J_7.) from N^GlyGlyOEt. (Table 39) . This unexpected 

result probably arises because the rate-limiting step in both 

reactions is cyclisation of the anionic intermediates (V) and
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OH
N2CHCONHCH2CONH2 —

( 2 1 )

-=> n " n-
Slow

c h 2c o n h 2

c=o

(V)

ONH

— n^ N : onh(

Scheme 23

(41)

Table 39 Rates of Formation of Triazoles (17) and (41) at 25 C,

Triazole io4k2/M'1 s" 1

*
(1 1 ) 6.4

(1 1 ) 349

*
Glover results.

(VI) formed in a rapid pre-equilibrium step.

.CH.C0NH„ XH„C0~- /  2 2 N- W  c
W 1

- /  2 2 N- N
\\ 1 
+ N C = 0V II 

— 
O

H H
(V) (VI)

For a given alkalinity, the concentration of (VI) will be lower 

than (V) because of electrostatic repulsion between the two 

negatively charged atoms, and the rate of cyclisation therefore
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slower.

6.2 Hydrolysis of (41)

The hydrolysis of (£1) in aqueous sodium hydroxide to the 

triazole (JJ.) was followed at 25°C by assay similar to the one

CO H 2

described for the formation of (A±) from the diazopeptide 

N^GlyGlyNH^. The hplc eluent consisted of 0.05M Borax, 7.5Z 

acetonitrile and 1 Z tetra-n-butylammonium hydroxide. Retention 

times for the two triazoles (4JJ and (JJ.) are given in Table 40. 

Figure 35. Shows typical traces for the hydrolysis of (A_L) to 

(17) at 25°C pH 13.3. Plots of both ln[Area (4J.)] and ln[Area 

(J_7)] against time were linear and pseudo-first-order rate 

coefficients for both loss of (Al) and formation of (_T7) ,

(Table A1 ) are in good agreement

Rate = k n u n  = k [(HI ..............o o — . . 17

Rate = k2 [(Ai)] [NaOH] = k [(17)][NaOH].. ___ 18
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Table AO Retention Times of Triazoles (17) and (41) A 250nmmax

Retention Time/min

2.93

6.87

Compound

/“ VHC\ l X X CONH.

C
l
OH 

(4J_)

N = N
/  \

HC^ 'C02H

OH
0 7)
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Figure 35— gPLC Assay for the Hydrolysis of (4 1 ) to (1 7 ) 
£H 13.3, 25°C, \ _ Jf_250nm. 0.05A
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Table 41 Values of rC Obtained for the Hvdrolvsis of (41)0
and the Formation of (17) at 25°C. Initial [Substrate] ca.5x10

pH NaOH 104k /s" 1 0

HPLC assay for (41) 13.3 0.12 1.10

Amax = 250nm

12.2 0.012 0.12

HPLC assay for (17) 13.3 0.12 1.12

Amax = 250nm

12.2 0.012 0.11

The rate of hydrolysis of ordinary amides such as 

propionamide is much slower i.e. = 5.5 x 10-^M~1 s~ 1 at 60°C.73

where k is given by eau. 19. this will give lc = 6.6 x 10 ^s 1 Z o
Rate = k2 [propionamide] [NaOH] ............ 19

for the hydrolysis of propionamide in 0.1 2M aqueous sodium 

hydroxide at 60°C. The higher rate of hydrolysis of (4JJ as 

compared to an ordinary amide could be due to neighbouring group 

participation (Scheme 24 ). To check this, compound (A_J_) was

Slow 
----->

SchernejA



methylated using excess diazomethane to give the triazole (42). 

The rate of hydrolysis of (4_2) is aqueous sodium hydroxide to 

give triazole (4J3) was again followed by an hplc assay, similar

(42) (43)

to the one used for the hydrolysis of (4J[) • Eluent used for the 

hplc analysis was 0.05M borax and 1Z tetra-n-butylammonium 

hydroxide, eluting at a rate of 0.84ml/min. Retention times for 

(42) and (_43.) were 2.9 and 6.1 min, respectively. Figure 36 

shows typical traces for the hydrolysis of (.42.) to (4_3) at 25°C 

pH 12.0. Plots of InCArea (4_2)] and InCArea (4_3)] against time 

were linear and pseudo-first-order rate coefficients for both 

loss of (.42) and formation of (4J.) , (Table 42) are in good 

agreement. The rate of hydrolysis of (42.) is ca. 5 times

Rate = k [(42)] = k [(43)] ..................20o o
= k2[(42)][NaOH] = [(43)][NaOH]Rate 21



275nm, 0.2AFigure 36 HPLC Assay fo  th e H ydrolysis o f (42.) to  (43) pH 12 .0 , 25°C, X = --------------- ------------------------------------------------------------------ max

Retention  

A -  A fter  

B -  A fter  
C -  After

Time ( 42) 
10 min 

494 min 
1690 min

= 2.9m in, (_43) 6 . 1min



Table 42 Values of k obtained for the hydrolysis of (42) and -------------------  '-0

the formation of (43) at 25°C. Initial [Substrate] ca. 5 x 10

PH NaOH 104k I s  o

13.3 0.12 5.50

1 2 . 0 0.01 0.28

HPLC assay for (4_3 ) 13.3 0.12 5.34

A = 275nm max
12.0 0.01 0.27

faster than the hydrolysis of (4_1J , this indicates that there is 

no neighbouring group participation for the hydrolysis of (£1 ) in 

aqueous sodium hydroxide concentrations studied.

6.3 Dimroth Rearrangement

As mentioned at the beginning of this chapter formation of 

the triazoles (J_7) and (4J_) appears to be irreversible. No

evidence was obtained for regeneration of the diazopeptide - the
56 . iDimroth rearrangement in aqueous acid, (Scheme 25) where k is

the rate of the triazole ring opening.

HPLC assay for (42)

A = 275nm max
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Ic

R

\ / - H
V

o=c

R-C=N=N

R = -CO^He, - CO^Et

Scheme 25 
57Brown and Hammick suggested that the Dimroth rearrangement 

proceeded by the tautomeric shift outlined in Scheme 26. It 

follows that electron withdrawal by the substituent R may 

facilitate N-N bond cleavage. The plot of log 1< (for the

Scheme'26

reaction in EtOH at 25°C) versus pK4 of R-NH. generated from
A L

Dimroth's results^ 0 (Table 43) is shown in Figure 37. This is

linear with the exception of R = 2,4 Dinitrophenyl. Interpolated

values from Figure 37 for opening of the triazoles (J_7) (R =

H CCO H, R ‘ = H and pK for H NCH C0oH = 9.6) and for (4J.) (R = 2 2  A 2 2 2 —
H2CC0NH2, R = H, and pl<A for H NCH CONH^ 8.1) in EtOH at 25°C 

are tj = 22d for Q7.) and tj = 3.4d for (4J_) . Dimroths results 

for R = Phenyl (l<^a = 1.28 x 10  ̂ min  ̂ in water at 50°C

and k = 1.02 x 10 2 min 1 in EtOH at 2 5 ° ^ show reaction 

is ca. 40 times slower in water than in EtOH. Thus for

triazoles (_T7) and (4JJ the estimated rate of the Dimroth 

rearrangement in water at 25°C will be 5.6 x 10" 7 and 35.3 x 10~7 

min Respectively i.e. t ~  86dL and 136d. This explains the
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Table 43 Values of k (at 25 C in EtOH) and pK of R-NH

Substrate(R-NH^) pK. 10^k/min 1 5+ log(l</min )A

Bz NH. 9.34 0.3 0.48

H3C“ 0 - M H Z
5.07 94 2.97

NH. 4.6 102 3.01

Br— ( NH. 3.91 458 3.66

h 2n c h 2c o2h 9.6 0.224 0.35

H2NCH2C0NH2 8.1 1.41 1.15

H2NCH2C0NHCH2C0NHCH2C02H 7.91 1.78 1 .25

H NCH CO Et 2 2 2 7.83 2.00 1 .30
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Figure 37 Plot of log k versus £ ! ^ r-n h2
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failure to observe the Dimroth rearrangement for triazoles (17)

and (4_1_) .

6.4 Conculusion

The formation of triazoles from diazopeptides in alkaline 

solution is of interest because triazole fromation effectively 

stabilizes the diazopeptide. The formation, stability and 

biological properties of triazoles is therefore directly relevent 

to the toxicology of diazopeptides.
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CHAPTER 7 

EXPERIMENTAL
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7.1. General

Melting points were measured on a Gallenkamp hot-stage 

apparatus and are uncorrected. Infra-red spectra were 

recorded on a Perkin-Elmer 298 grating spectrometer, and 

calibrated using polystyrene. Proton nmr spectra were 

recorded using a Joel FX-90Q/90 MHz or Bruker WM250/250 MHz 

spectrometers in the solvents indicated, with 

tetramethylsilane as internal standard. UV and visible 

spectra were recorded on either Pye-Unicam SP1800 and SP8- 

500, Cecil CE 599, Perkin Elmer 124 or LKB 4050 

spectrophotometers, and calibrated with a holmium filter. 

Mass spectra were recorded by the departmental service using 

AEI MS-12 or VG 7070 instruments, elemental microanalyses 

were provided by Mr. Jones of the Chemistry department. pH 

measurements were made either on a EIL 7050 meter or PTI6 

Universal digital pH meter, calibrated using standard buffer 

solutions.

Peptides and amino acids and other reagents were

obtained from commercial sources unless otherwise stated.

All solvents and reagents were purified where necessary by
74standard techniques . NO. (99Z) was obtained

Z 4

commercially, and was used without further purification. 

Fasting human gastric juice was provided by Dr. Savalgi at 

the St. Georges Hospital Medical School.
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7.2.1. Nitrosation of Amino Acids and Peptides

The nitrosation of amino acids and peptides was followed

by measuring the uptake of HNO^ colourimetrically by Shinn’s 
B Gmethod. Typically the substrate and the buffer

components contained in a volumetric flask were brought to

25°C in a thermostatted water bath. The reaction was

initiated by adding aqueous NaNO^ and, after volume

adjustment, aliquots of the reaction solution were taken at

timed intervals. The aliquots were added to 2 ml

sulphailamide solution (1.25g in 250 ml 5M HC1), thoroughly

mixed and after 2 mins, coupled with 2 ml N-1-

naphthylethylene diamine solution (0.25g in 250 ml H^O).

This solution was made up to 10 ml and allowed to stand for

15 min before measuring its absorbance at 540 nm (e = 51,000

M 1 cm which is proportional to the unreacted HNO^. The

generation of rate coefficients from these data was

complicated by spontaneous decomposition of HNO^. This was

allowed for by measuring the decomposition of HNO^ in the

presence and absence of the substrate and attributing the

difference to the nitrosation of the substrate. The thermal

loss of HNO^ at pH1 and 1M NaCl was 33 times less relative

to alanylglycine nitrosation under the same conditions.

Figure 38 shows typical pseudo-first-order plots for

thiocyanate catalysed nitrosation of L-alanylglycine.

Values of k were reproducible to ± 2 1 .  o
The nitrosation of proline, proline methyl ester and

7.2. Kinetics
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Figure 38 Pseudo-First-O rder P lo ts  for N itrosation  o f  0.1M 
L-AlaGly in  0.2M HC104 by 10~4M NaNÔ  a t 25°C

3 0 .8  1.85
4 1.0 2.35
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sarcosine was followed by measuring the absorbance of the _N-

nitroso product at A = 238 nm for proline and itsmax
methyl ester and A = 249 nm for sarcosine. The reactionmax
solution was made up in a volumetric flask and an aliquot

quickly transferred to a 1 cm cuvette in the thermostatted

cell holder of the spectrophotometer. The formation of N-

nitroso compound was then monitored directly in the cuvette.

Rate coefficients were calculated from measurements over the

initial 5Z reaction by the initial rate procedure, i.e.

V. = d[N-nitrosocompound]/dt = d[Absorbance/e^ .̂  ]/dt.in “ N.-nitroso
The extinction coefficients (e) of .N-nitroso compounds

studied at pH1 are given in Table 44. Since extinction

coefficient of HNO^ is much smaller as compared to the

nitroso compounds (Table 44. ) , the absorbance change due to

consumption of HNO^ can be neglected without introducing

significant error. Further, concurrent thermal

decomposition of HN02 is negligible because the kinetic

measurements refer to the initial 5Z reaction over

relatively short time ca. 30 min. The values of V. werein
reproducible to ± 5Z.

When using initial rates method great care has to be 

taken in order not to obtain artificial results, since even 

low amounts of reactive impurities in the amino acid can 

give anomalous results, in order to avoid this the 

commercially available proline, and sarcosine were 

recrystallised several times till a constant melting point

was obtained for each compound, 209-211° for sarcosine and
o T 6219-221 C for proline which compare well with the literature
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values.

Table 44. dH1. 25°C.

Amax
, - 1 - 1  e/M cm

h n o 2 238 79

249 47

NOPRO 238 7027

249 270023

NOMePRO 238 S71075

NOSAR 249 1 8 7 0 2 3

7.2.2. Decomposition of Diazopeptides in Aqueous Solution 

The decomposition of diazopeptides was measured by the 

decrease in the absorbance of the substrate at A = 250-max
260nm. Typically a prepared aqueous buffer solution (5ml)

was brought to constant temperature and the reaction started

by adding (20-50pl) of a concentrated solution of the

relevant diazopeptide in absolute alcohol to give an initial
-4concentration of ca.10 M. After thorough mixing reaction 

solution was placed in a cuvette within the thermostatted 

cell block of the spectrometer, and the absorbance monitored 

over at least three half lives. The reaction was either 

left to reach infinity or for slow reactions [ t ±  > 20h),

infinity readings were obtained by adding a few drops of 

concentrated HC1 to the contents of the cuvette.

The reactions followed pseudo-first-order kinetics 

(eau 9) and kQ was obtained from the slope of plots of

152



ln(Abs -Abs ) versus time. Values of k were t “> o
reproducible to ± 2 1 .  A typical plot for the decomposition of

diazoacetylglycinamide via acid catalysed hydrolysis in

aqueous buffer is shown in Figure 39.

Rate = kQ [Diazopeptide] .....  (9)

For solvent deuterium isotope effects, reactions were

carried out in dilute HC10. (0.5 - 20mM) made up with eitherh

water or D^O (Aldrich, n^ = 0.998). For the experiments in

D^O, the final reaction solution contained n^ = 0.98. The

rates at 25°C ± 0.1°C measured using a stopped-flow device

connected to a Unicam SP8-500 spectrometer. The output

from the spectrometer was transferred to a storage

oscilloscope from which hard-copy was obtained with an X/Y

plotter. It was possible to accurately measure half-lives >

0.5s. Figure 40 shows a plot of ln(Abs. - Abs ) against timet 00

for the pseudo-first-order decomposition of diazoacetylglycine 

ethyl ester in 20mM HC10,.

Decomposition reactions of diazopeptides having half- 

lives of <1min were also carried out usuing the stopped-flow 

technique described above.

7.2.3 Decomposition of Diazopeptides in Two Phase Systems
- 2An aliquot (10ml) of 5x10 M diazopeptide in the 

organic solvent was placed in each one of several 25ml round 

bottomed flasks. Hydrochloric acid (10ml of either 0.1 or 

0.01M) with sodium perchlorate to maintain the ionic 

strength was added to each flask and the mixtures stirred
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Figure 39 F irst-O rder P lo t for D iazopeptide Decomposition 

10 D iazoacetylglycinam ide, 0.1M HOAC/Q.1M NaOAC, y = 0 . 6 ,  

2 5 ° c ,  pH 4 . 7 5 f kQ = g . e i x i o ^ s -1
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)

Figure 40 Decomposition o f N GlyGlyOEt(1Q M) in  20m M
k 2 -2  -1

___________ ____________ Q = 108x10 s

-4
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vigorously at room temperature. At intervals the organic

phase was separated (each flask being taken in sequence) and

the absorbance at ca. 380nm determined.

Plots of In(absorbance)versus time were linear,

indicating decomposition was a pseudo-first-order process,

i.e. Rate = k [Diazopeptide]. Values of k obtained from the o o

slopes of these plots were reproducible to ± 3 1 .  Figure 41 shows 

a plot of ln(Abs^) versus time for diazopeptide N^ThreGlyOEt in a 

two phase system at room temperature.

7.2.A Decomposition of Diazopeptides Prepared in Situ

The peptide (0.1M ) in a appropriate buffer was placed 

in a conical flask (25ml) fitted with a 'Suba-Seal* stopper. 

Gaseous N_0.(1-5ml) was added using a gas syringe. Thec U

flask was shaken vigorously for 10s and reaction was 

indicated by disappearance of the brown gas above the 

solution. The solution containing the diazopeptide formed 

in situ was transferred to a cuvette and the absorbance at 

250-260nm measured with respect to time. The cuvette block 

was thermostatted at 25°C ±0.1°C.

7.2.5 Decomposition of Diazooeotides in Gastric Juice using 

HPLC Assay

Human gastric juice (100ml, pH ca. 2.21) from normal 

fasting subjects was centrifuged to remove solids. The 

supernatant fraction was buffered by the addition of up to 

0.2M solid NaOAC or sodium tetraborate and the pH measured
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Figure 41 Pseudo-First-O rder P lo t for the Decomposition 
-2o f 5x10 M N ThreGlyOEt in  Two Phase System O rganic  

2 _2 
Phase = B utan -1-o l, Aqueous Phase = 1 0  M HC1, Ion ic  

_2Strength = 10 M X = 380nm -------- 2--------------------- max-------------
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before and after the reaction solution was equilibrated at 

25 or 37°C. The reaction was initiated by adding (50pl) of 

a concentrated solution of the diazopeptide in absolute 

alcohol. At timed intervals aliquots of the reaction 

solution were taken and injected on a hplc. Due to the 

opacity of the gastric juice, the decomposition of the 

diazopeptides in gastric juice was monitored by hplc rather 

than by UV spectroscopy.

The HPLC assay was made with a reversed phase Hamilton

PRP-1 column, (150 x 4.6mm) using a cecil CE2012 spectro-

photometric detector and a Beckman 110A pump. No

pre-column was used. Elution was by a buffer (pH9)

containing 0.05M borax, acetonitrile, tetra-n-butylammonium

hydroxide in the proportions listed in Table 45 at a flow

rate of Iml/mm. The eluent was monitored at A 250-max
260nm. Figure 42 shows typical HPLC traces for the 

decomposition of diazopeptide N^ThreGlyOEt in gastric juice.
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Table 45 Retention Times and Eluents for Diazopeptide Assay

bv hplc. eluent 0.05M borax, acetonitrile, tetra-n-butyl- 

ammonium hydroxide

Diazopeptide Amax Retention ch3cn nBu N+0H~ 4
nm Time/min Z Z

N^GlyGlyOEt 250 8 7.5 0.5

N^SerGlyOEt 254 7 5.0 0.7

N^LeuGlyOEt 260 9 35 -

N^ThreGlyOEt 254 9.34 10 1 .0

(N2PentaGly")2Ca2+ 250 3.6 5.0 0.1

(N2GlyGly")2Ca2+ 250 4 7.5 0.5

(N2LeuGly')2Ca2+ 260 6 10 -

7.2.6 4-(D-Nitrobenzvl) Pvridine (NBP) Assav for Alkvlatina

Abilitv of DiazoDeDtides

The following procedure was adopted from the literature.
-3An aliquot (0.1ml) ca. 2x10 M of substrate in absolute

-4alcohol was added to a mixture of 200x10 M HC1 (1ml)
-4and 600x10 M 4-(p-nitrobenzyl)pyridine (1ml) in acetone 

contained in a 5ml volumetric flask. This corresponds to 

30Z excess of NBP compared to the substrate. Because of the 

photosensitivity of the diazopeptides and the alkylated NBP, 

the flasks were wrapped in foil to protect them from light.
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Figure 42 HPLC Assay for the Decomposition of N^ThreGlyOEt (10 M) in Buffered Human Fasting
Gastric Juice X = 254nm, pH = 5.3. 0.1A ---------------- max---------1— c-------- ------

-4

\D
00

ONo

VO
00 <X CD

o  . .
CDto

<X CD .3  
U I O  CD 
OC CD O
<X CD CD
•V  III  CD

CD CD
CD <35

CD

•vO

CMlu a -• Mae —• _
CT VO cD
CDZ
Co3

t— —•
O  DC CM 
O  CD ' i f  
X  — aa
I—  U J CM

UJ N  U t v
J Z 1------ « Z  fO

—1 _J ■— . <rh- r )  «x *— cr\ ►—
<x z : oZ u_ a t ►—

r> U J Q
<3 %

<Z CD ©
U J  o ©
QC" <D •z*
<Z CD ©
. V  CD ©

o ©
o ©

CD ©
O o— «-4

d  C P CD
u j  ir» m

<x q c  a v o \
U J  CC tO t oQC i / l m
<X M CO

fN-

( 3

CO
2 5

P i n  
O  CD NO
X  —  CM

r o •— U J  —
U J 3 1
x :

U J

z
o
►—

<30 d
f M U J  —

£ t -  —  C  * 0 —i
_ J  _ J  ~  . a

r— O  d  l~  £7N i—
«  n o

Z u .  Qc i—
D u j  O
C * e x t



191

IEEE HO
ei

SAMPLE
6054

METHOD 
METHOD 1

time
19:4?: I T

RUN TIME 12.80 
DEFAULT 0
NORMALIZATION METHOD USING AREA 

TIME HEIGHT AREA
9.34 4661 122075

TOTAL 122075

*AREfi
100.6000806 

106.6000066

IEEE WO SAMPLE METHOD TIME
01 0655 METHOD 1 20:14:ll

RUN TIME 12.84 
DEfAULT 0
NORMALIZATION METHOD USING AREA 

TIME HEIGHT AREA
9.34 1929 52053

TOTAL 52853

*AREA
100.0006000 

100.6060000

DATE
30:01:86

DATE
3 0 : 0 1 : 0 6



HPLC Trace of Buffered Human Fasting Gastric Juice A 254nm 0.1Amax



The solutions were incubated at 37 C for 10, 35, 60 and

120min, respectively, followed by cooling to ambient

temperature and adjustment of the volume to 5ml with 5Z

triethylamine in acetone. The absorbance of the pink colour

which developed immediately (which was stable for at least

10min) was measured at 540nm (A for absorbance of all themax
compounds studied). An absorbance zero was assumed for 

660nm. Repeat analyses were reproducible to ± 3Z.

7.3 Product Analysis

(1) Product analysis for the nitrosation of glycine to give 

chloroacetic acid and glycolic acid (obtained from 

commercial sources and used without further purification) 

were carried out by quantitative hplc analysis. Typically 

0.1M glycine and 10 ^-10 NaN02 in 1.0M HC1 (5ml) were 

incubated at 37°C for 2h (6 half-lives). The solution was 

extracted with ethylacetate (100ml), the ehtyl acetate 

fraction was evaporated to dryness and then made up to 5ml 

with water for analysis.

The hplc assay was carried out on Polypore H column

(250x7mm, Pierce) specific for organic acids, eluted with 
-210 M sulphuric acid at a flow rate of 0.5ml/mm. The 

eluent was monitored at X = 210nm. Retention times for 

authentic compounds are summarised in Table 46.

The recovery of authentic glycolic acid and 

chloroacetic acid by this procedure was 60Z and 80Z 

respectively. Concentrations were estimated from peak areas 

and corrections were applied for the less than 100Z

0
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recoveries. The reproducibility of the assay was ± 2 1 .  

Table 46

Compound Retention time/min

Glycolic acid 4.22

Chloroacetic acid 5.52

Diglycolic acid 3.90

Iminodiacetic acid 2.00

(2) Product analysis on the decomposition of

diazoacetylglycine, calcium salt (J_3) in aqueous media to

give 2 ,5-diketomorpholine (A_0) was carried out as follows:
o50mg (0.15 mmole) of (J_3) was left in 5ml of water at 37 C

for 24 hr (t̂ . at pH 6.5-7, 37°C, ca. 1-3.4h). The solution was 
2.

then left in the refrigerator (— 10°C) for a further 24h. A 

white solid could be seen at the bottom of the flask at the 

end of the cooling period, it was filtered, washed with cold 

water and dried under vacuum. The product was found to be 

only slightly soluable in water and ethanol. It was 

identified as the 2 .5-diketomorpholine by its mass spectra. 

Yield of (4_0) was 12mg (805!) m.p. 1 70- 172°C^M/Z (El) 115 

(M+) , 71 (loss of C02 ), 42 (H2C-C=0+), 28 (C = 0*).

7.4. Formation of (41) from Diazoacetvlalvcinamide in 

Aqueous Alkaline Solution 

7.4.1 Via UV Spectroscopy

The reaction was followed spectrophotometrically by
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observing the disappearance of diazopeptide absorbance at

A = 380 nm (e = 18M ^cm 1). This method was similar to max
that described in Section 7.2.2 for the aqueous hydrolysis 

of diazopeptides. Plots of In (Abs^ - Abs^) against time were 

linear and pseudo-first-order rate constants were calculated 

from their gradients, reproducibility ± 3 l .

7.4.2 Via HPLC Analysis

Both the disappearance of (21) and the formation of

(41) could be followed by hplc analysis ofthe reaction

solution. These analyses were carried out on a reversed

phase Hamilton PRP-1 column (150x4.6mm) using 0.05M borax

(pH9) buffer containing 4Z HeCN and 1ZnBu.N+0H as eluent at
4

a flow rate of 1 ml/min. The eluent was monitored at A =

250nm. The retention times of the compounds analysed are 

given in Chapter 6. Section 6.1

Typically, the reaction was started by the addition of 

a small volume (2JJ in ethanol to aqueous sodium hydroxide 

(10ml, 0.01-0.1M) at 25°C to give a concentration of 0.1M 

(H). At timed intervals, 10pl aliquots of the reaction 

solution were taken and quenched in 0.05M Borax (10ml). The 

concentration of (21) and (4JJ was measured as described 

above. Plots of ln(Area(41)) against time and In(Area(jM)) 

against time were linear and first-order-rate constants were 

calculated from their slopes within ± 2 1 .

The hydrolysis of (41) to (J_7) in alkaline media was followed 

in a similar manner to that described above for its formation.
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Typically a small volume of (4J.) was added to aqueous NaOH
o 2solution (10ml) at 25 C to give a concentration of 5x10 M

(41). At timed intervals quenched aliquots from reaction

mixture were injected on to the hplc system described above.

Plots of ln( Area (4J_) ) against time were linear, gradients of

which gave the observed rate of hydrolysis of (4J.) in

alkaline media. The value of observed first-order rate

constant obtained from the gradient of ln(Area(4J_) against

time was equal to the gradient of a plot of ln(Area (17))

versus time under the same reaction conditions. The

hydrolysis of (.42) in alkaline media to give (4_3) was

followed in exactly the same way as the hydrolysis of (4J_) .

7.5 pK^ Values for Dipeotides and (41)

The pK values of dipeptides were measured by A
potentiometric titration using a Radiometer and

Autotitrator with glass and calomel (reference) electrodes.

The titration was carried out at 25°C using 0.1M peptide in

aqueous 1M NaCl or NaCIO, (25ml). The pk. values were4 A
calculated to ± 0.1 % using the half-neutralization point

method, pk. of (41) was measured in a similar manner to A
that described above.

7.6 Synthesis

N-nitroso-L-proline (NOPRO) -L-Proline (5.75g , 0.05moles) 

was dissolved in water (50ml) and concentrated hydrochloric 

acid (10g) was added. The solution was mixed and cooled to 

2°C. A solution of sodium nitrite (3.45g , 0.05moles in 

25ml water) at 2 C was added and the mixture left stirring



for 3h at room temperature. It was then extracted with 

ether and the ethereal extract was washed with water, dried 

over anhydrous sodium sulphate and evaporated to dryness. 

The residue was recrystallised from dichloromethane. Yield 

7 . Og (9 7 Z ) ; m.p 100-101°C (lit. m.p 99-100°C12); (Found: C,

41.68; H, 5.54; N, 19.38. Calc for CeHoNo0o C, 41.67, H,
5 8 2 3

5.56; N, 19.4 4 Z ) ; v (nu;jol) 1730 (C = 0 acid), 1 450 cm" 1max
(N = 0); m/z (El) 144 (M), 99 (loss of COOH), 69 (loss of 

COOH, NO).

N-Nitroso-L-proline methyl ester (NOMe Pro) -L-Proline 

methyl ester hydrochloride (4 g , 0.024moles) was disolved in 

water (25ml) and concentrated hydrochloric acid (1ml) was 

added. The solution was mixed and cooled to 0°C in an ice 

bath. Sodium nitrite (3.4 5 g , 0.05moles) in 25mls of water 

was then added. After mixing thoroughly, the solution was 

left to stand for 3h at room temperature. The _Nrnitroso-L- 

proline methyl ester was extracted with EtOAC (100ml), 

washed with 0.1M HC1 (20ml), aqueous NaHCO^ (20ml), water 

2x20ml), and then dried over anhydrous sodium sulphate. 

After removal of the EtOAC, product was purified by vacuum 

distallation: b.p. 98-100°/0.25torr (lit. b.p. 

160°C/20torr78); yield 3.2g, (8 4 Z ) ; (Found C, 45.45; H, 

6.35; N, 17.70 Calc, for C_HinN O C, 45.57; H, 6.37; N,b 1 U c J

17.727) v (nugol) 1780 (C = 0 ester), 1 450 cm 1(N = 0).
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N-Nitrosarcosine. Sarcosine (4.5g, 0.05moles), concentrated

hydrochloric acid (10g), water and sodium nitrite (3.45g,

0.05 moles in 25 ml H^O) reacted as described for _N-

nitrosoproline. The N.-nitrososarcosine was purified by

recrystallization from dichloromethane. Yield 5.3g (90Z);

m.p. 67°C (lit. m.p 66-67°C12); (Found C, 30.50; H. 5.00; N.

23.69 Calc for C„HcN„0o C, 30.51; H, 5.09; N. 23.73Z); v3 6 2 3  max
(nujol) 1735 (C=0 acid), 1455 cm" 1 (N=0); m/z (El) 118 (M), 

88 (loss of NO), 73 (loss of COOH).

Diazoacetvlglvcine ethvl ester (4) Aqueous NaNO^ (5g in 10

ml H^O) was added to a solution of glycylglycine ethyl ester

hydrochloride (1Og, 0.05moles) in 2M sodium acetate (20ml)

at 5°C . Dichloromethane (250ml) and glacial acetic acid

(2ml) were added, and the mixture stirred for 5h at 5°C.

The dichloromethane layer was separated, washed with 5Z

aqueous NaHCO^ (100ml) until neutral, dried with anhydrous

sodium sulphate, concentrated to 30ml and then cooled to

yield yellow crystals. Yield 6g (70%); m.p. 105°C (lit m.p

107°C41); (Found: C. 42.10; H. 5.22; N, 24.54 Calc, for

CcHQN 0 C, 42.11; H, 5.26; N, 24.56%); A (Ho0) 250nm (e 6 9 3 3  max 2

20, 870 M~ 1 cm" 1 ), 374 nm (e 18M"1cm“1), v (nujol) 3280max
(NH amide), 2110 (C=N=N), 1740 (C=0 ester), 1600cm"1 br 

(CO/NH amide, N=N); 5U (CDC1.) 1.27 (3H, t, J7Hz, Et), 4.06 

(2H, d, J 5.5Hz, -CH2NH-), 4.2 (2H, q, J7Hz, Et), 4.82 (1H, 

s, -CHN2); m/z (FAB + ve ion) 172 (MH+), 144 (MH+ - ),

116.
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Diazoacetvlqlveinamide-(21) Diazoacetylglycine ethyl ester

(2g, 0. 012 moles) was suspended in water (6ml) at room 

temperature and 35Z ammonia solution (10ml, ca. 0. 2 moles) 

added. The suspension was stirred until the diazo ester had 

dissolved. After being left at-20°C for 2h, had

precipitated a mass of yellow crystals of diazoacetylglycinamide.

The crystals were filtered then washed with acetone. Yield

0.85g (5 0 Z ) ; m.p 160°C (lit m.p. 160°C43); (Found: C,

33.79; H, 4.21; N, 39.50 Calc for C,HcN,0o C. 33.80; H,
4 o 4 Z

4.23; N, 39.44 Z ) ; A (H„0) 255nm (e 27, OSeM^cm ' 1 ), 380nmmax 2

(e23.1 M~ 1 cm”1); v (nujol) 3300, 3175 (N-H amide), 2100 max
(C=N=N), 1650 (C=0, primary amide), 1610 (C=0, secondary

amide), 1550 cm" 1 (N-H, C-N amide); 6U (d -DMSO) 3.72 (2H,H b

d, -NHCH2-), 5.40 (1H, s, N2CH-); m/z (FAB +ve ion) 143 

(MH+ ), 115 (MH+-N2).

Preparation of N-carbobenzoxv-amino acids

.N-Carbobenzoxy derivatives of alanine and leucine were
79synthesised by a literature procedure. This involved 

reaction of the amino acid with benzylchloroformate in 

aqueous alkaline solution. After reaction completion, the 

product was precipitated by acidifying the solution to pH2.

Yields were in the order of 70-80Z.
6 0A more recent literature procedure was used to 

synthesize the JN-carbobenzoxy derivatives of serine and 

threonine. This involved reaction of amino acid with benzyl-
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chloroformate in the presence of magnesium oxide (MgO) using 

a two phase system consisting of an ether layer and an 

aqueous layer in the cold. After reaction completion, the 

product was precipitated by acidifying the aqueous layer to 

pH2. Yieldswere in the order of 80-97Z.

N-(2-0iazo-4-methvlhexanovl) glycine ethvl ester (34)

(i) Leucvlalvcine ethvl ester hydrochloride
79N^carbobenzoxy-L-Leucine (4g , 15 mmole) and triethylamine 

(2.1ml, 15 mmole) in dry tetrahydrofuran (25ml) were cooled 

to -10°C. Ethylchloroformate (1.61g, 15 mmole) in dry THF

(25ml) was added dropwise with stirring and the temperature
o omaintained at -10 C. The solution was stirred at -10 C for

30min. A solution of ethylglycinate in dry THF (20ml)

prepared from the hydrochloride salt (3g , 21.5 mmole) by the

addition of triethylamine (3ml, 21.5 mmole) was added

dropwise to the mixed anhydride, and the mixture was then

stirred for 1h at room temperature. The solution was

filtered and the oil obtained after evaporation of the

filtrate was dissolved in dichloromethane (50ml). The

solution was washed with 0.1M HC1 (10ml), aqueous NaHC03

(10ml) and then dried over anhydrous sodium sulphate.

Evaporation of the solvent gave the J^-carbobenzoxy protected

dipeptide ethyl ester as a solid which was recrystallised

from ethyl axe.to.fce

The .N-CBZ protected dipeptide ester (4.55g, 13 mmole) 

was dissolved in ethanol (50ml) and 5M HC1 (2.7ml, 13.5 

mmole), with a catalytic amount of 5l  palladium on charcoal.
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The hydrogenation was carried out at room temperature 

overnight. Filtration and evaporation gave a white 

crystalline solid. Yield 2.73g (80Z); (Found: C, 47.50; H.

8.28; N, 11.06 CioH2 1N2°3C1 re(*uires C* 4?.53; H. 8.32; N,

11.09Z); v (nujol) 3200-3000mbr (NH *) 1750 (C=0 ester), max 3
1680 (C=0 amide), 1200 cm" 1 (C-0 ester); 6U (CDC1_) 1.0 (6H,H J
d;-CH(CH3)2) , 1.30 (3 H, t. J7Hz, Et), 1.8 (3H. m, HC2- 

CH(Me2)), 4.0 (2H, d, J 5.5Hz, -HgCNH-), 4.2 (3H, m); m/z 

(FAB +ve ion) 218 (MH+-C1), 103.

(ii) N-(2-Diazo-4-methvlhexanovl) Glvcine ethyl ester (34)

L-Leucylglycine ethyl ester hydrochloride (2g, 7.92 mmole)

was dissolved in dichloromethane (20ml). Triethylamine

(2.22ml, 15.84 mmole) was added, along with anhydrous sodium

sulphate (1g), and the solution was cooled to -40°C. N.O.2 4
(0.51ml^8 mmole) in dichloromethane (20ml) cooled to -70°C

was added gradually to the solution with stirring. The

resulting yellow-green solution was allowed to warm to room

temperature, washed with water (5ml), aqueous NaHC03 (5ml)

and then dried over anhydrous sodium sulphate. The solution

filtered and the filterate evaporated to give a yellow oil.

The product was purified by column chromatography on silica

using 1:1 petroleum ether 40-60° to ether (Na dried) as

eluent to give a yellow oil. Yield 0.72g (40Z); (Found: C,

52.70; H, 7.51; N , 18.^5. C10H17N3°3 rec1uires C. 52.86 ; H,

7.49; N, 18.50Z); \  (HO) 260nm (e 15,000 M” 1cm"1), 380nm
ma K 6

(e 13M 1 cm 1); v (nu3ol) 2050 (C=N=N), 1740 (C = 0 ester), max

171



1610 (C=0 amide), 1200 cm 1 (C-0 ester); 5 (CDC1 ) 1.0 (6H,H 3
d, -CH(CH3)2). 1-29 (3H, t, J7Hz, Et), 1.85 (1H. m, - 

CH(CH3)2), 2.19 (2H, d, -CH^H ( CH3 ) 2 ) , 4.11 (2H, d, -h^C NH-) 

4.22 (2H, q, J7Hz, Et); m/z (FAB + ve ion) 228 (MH+), 200 

(MH+-N2) 172, 97.

The dipeptide ethyl ester hydrochlorides of L- 

alanylglycine, L-seryglycine and L-threonyglycine were 

synthesised in a similar manner to that described for the 

ethyl ester hydrochloride of L-leucyglycine.

Diazopropanovlglvcine ethvl ester (32) Diazopeptide (32)

was synthesised in a similar manner to that described above

for the synthesis of (3.4) using L-alanyglycine ethyl ester

HC1 (1.67g, 7.92 mmole), NEt3 (2.22ml, 15.84 mmole) 1g

Na.SO. and N O  (0.51ml.8 mmole) in 20ml dichloromethane at Z 4 Z 4 '
O o-40 C. Eluent for silica column was 1:1 petroleum etner 40-60

to ether. Yield 0.5Bg (4 0 Z) ; (Found: C, 46.0, H, 6.0; N, 18.0

C-H^N.O. requires C. 45.41; H, 5.95; N, 22.70Z); A (Ethanol)7 1 1 3 3  max
260nm (e 10,000 M ^cm M  380nm (8.63 M ^cm S; v (nujol) 2100max
(C=N=N), 1745 (C=0 ester), 1630 (C=0 amide), 1200 cm" 1 (C-0

ester); 6U (CDC1.) 1.30 (3H, t, J7Hz, Et), 2.02 (3H, s, N0C-CH„), n J 2 3
4.10 (2H, d, —H 2C NH-), 4.24 (2H , q, J7Hz, Et); m/z (FAB + ve 

ion) 186 (MH+), 158 (MH+-N2), 130, 55.
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N-(2-Diazo-3-hvdroxvoroDanovl) glvcine)ethvl ester (33)

Synthesised in the same way as (34.) using L-serylglycine 

ethyl ester HC1 (1.8g, 7.92 mmole), NEt^ (2.22ml, 15.84 

mmole), 1g Na^O^ and N20^ (0.51, 8 mmole) at -40°C. Eluent 

for silica column was 1:1 chloroform; ethylacetate. Yield 

0.63g (45Z) (Found: C, 41.92; H, 5.82, N, 18.55. C_H..O,N.
f 1 1 H J

requires C, 41.79, H, 5.47; N, 20.90Z); A (Ethanol) 254nmmax
(e 13,000 M 1cm 1) 380nm (13.2 M 1cm 1); v (nujol) 2100max
(C=N=N), 1745 (C=0 ester), 1625 (C=0 amide), 1205 cm" 1 (C-0

ester); 6U (CDC1 ) 1.30 (3H, t, J7Hz, Et), 4.10 (2H, d. -H_C H 3 c

NH-), 4.20 (2H, q, 37Hz, Et), 4.54 (2H, s, - H ^  OH); m/z 

(FAB + ve ion) 202 (MH+), 174 (MH+-N2), 156, 128.

N-(2-Diazo-3-hvdroxvbutanovl) glvcine ethvl ester (35) 

Synthesised using the same method as for (.34) . Eluent for 

silica column 1:1 chloroform; ehtylacetate. Yield 0.68g 

(4 0 Z) ; (Found: C, 46.82; H, 6.57; N, 16.57. CQH._N.O,
0 I J J 4

requires C, 44.70; H, 6.05; N, 19.5Z); A (Ethanol) 254nmmax
(e 13,865 M~ 1 cm" 1 ) 380nm (e 12.1M' 1 cm’1); v (nujol) 2100max
(C=N=N), 1750 (C=0 ester), 1625 (C=0 amide), 1200 cm’ 1 (C-0

ester); 5U (CDC1J 1.30 (3H, t, J7Hz, Et), 1.45 (3H, d,H 3
-HC (Qfj)OH , 4 . 1 0 (2H,d. -H2C NH-) , 4.20 (2H. q, J7Hz, Et), 

4.87 (1H, q, -HC(CH3 )0H); m/z (FAB + ve ion) 216 (MH+), 188 

(MH+-N2), 170, 142.

Diazoacetvlglvcine. Calcium salt (13) Glycylglycine (0.66g,

5 mmole), in water (10ml) and 40Z aqueous tetra-n- 

butylammonium hydroxide (3.25ml, 5 mmole) were evaporated
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under vacuum to a semi-crystalline colourless oil. The oil 

was dissolved in dichloromethane (50ml) and then dried with 

anhydrous MgSO.. After filtration, Et_N (0.7ml, 5 mmole)k J

and anhydrous Na SO (2g) were added to the peptide 2 4
solution. After cooling to -40°C a solution of N.O.

i  4
(0.32ml, 5 mmole) in dry dichloromethane (20ml) precooled to

-70°C was added slowly with stirring. The resultant

yellow/orange solution was warmed to room temperature,

evaporated under vacuum to a small volume and then

chromatographed on silica with 2:1 EtOH/MeOH eluent (Rf =0.3

on silica TLC in EtOH). The fraction containing the

diazopeptide was evaporated to a small volume. Addition of

a slight excess of saturated CaCl^ in EtOH precipitated

the calcium salt of diazoacetyl glycine. Yield 0.32g (20Z) ;

m.p. > 200°C; (Found: C, 31.81; H, 3.00; N, 18.00.

C0H0N 0 Ca requires C, 29.63; H, 2.47; N, 25.93Z); A 8 8 6 6  max
(H20) 252nm (e 22130 M"1cm~ 1 in terms of (N2CHC0NHCH2C02")2Ca2+
380nm (e 19M - i  - 1cm in terms of (n 2c h c o n h c h2co

l  }2Ca
v (nuiol) 21 1 0 (C=N =N), 1600 cm”7 br (co; );max 2 H
(d -DMSO] 6 i 3. 60 (2H, d, -NH CH- ), 5.60 (1H, s, n 2c h-

(1H, br, s, -CONH-): m/z (FAB - ve ion) 142 (M” ), 114 (M”~ 

N2), 100, 72.

N-Diazoacetvl(qlvcvl)glvcine. calcium salt (3R1 Synthesised

using triglycine (0.9 5 g , 5 mmole), tetra-n-butylammonium

hydroxide (3.25 ml, 5 mmole), Et N (0.7ml, 5 mmole), Na SOd 2 4
(2g) and N20^ (0.32ml, 5 mmole) at -40qC in the same manner
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(30Z); m.p. > 200°C; (Found C, 32.77; H. 3.20; N, 25.60.

C,_H,,No0oCa requires C.32.87; H, 3.20; N, 25.60Z); A 
1 Z I h o o max

(H20) 250nm (e 20610M 1 cm 1 in terms of (N^TriGly )2Ca^+)
-1 -1 - 2 +380nm (e 17.8 M cm in terms of (N„TriGly )_Ca ); v2 2 max

(nujol) 2110 (C=N=N), 1600 cm" 1 br (CO"); 5U Id -DMS0) 3.50Z. H b

(2 H , d ), 3.75 (2H, d), 5.45 (1H. s, (^CH-), 7.60 (1H, br, s),

8.05 (1H, br, s); m/z (FAB -ve ion) 199 (M~). 171 (M_-N2)» 

157, 129.

as (_1_3) • Eluent for silica column 1:1 EtOH/MeOH yield 0.66g

N-Diazoacetvl(qlvcvlalvcvlqlvcvl)qlvcine, calcium salt (37) 

Synthesised in the same way as (_1_3) using pentaglycine etc. 

Eluent used for silica column was pure methanol. Yield 

0.98g (30%) ; m.p. > 200°C; (Found: C, 35.5; H. 4.0; N,

25.14. c2oH26N12°12Ca requires C- 36-°: H* 3-35 N * 25.22Z); 

A (H_0) 250 nm (e 18072 M 1cm 1 in terms ofmax 2

(N2PentaGly":) 2Ca2*) ,, 380nm (e 15.6 H 1cm 1 in terms of

(N2PentaGly‘:l2Ca2t);; v (nujol) 2110 (C=N=N), 1600 cm 1 br max
(C0o ); 5H (d -DMSO) 3.55 (2H, d), 3.72 (2H, d), 3.8 (2H, 

c b
d), 3.9 (2H, d), 5.45 (1H, s, N2QH-), 7.6 (1H, br, s), 8.0 

(1H, br, s), 8.25 (1H, br, s), 8.4 (1H, br, s); m/z (FAB -ve 

ion) 313 (M_), 271, 243.

N-(2-Diazo-4-methvlhexanovl)qlvcine. calcium salt (38) 

Synthesised using L-Leucylglycine (0.94g, 5 mmole), tetra-n- 

butylammonium hydroxide (3.25 ml), Et3N (0.7ml, 5 

mmole),Na SO (2g) and N_0. (0.32ml, 5 mmole) at -40°C in ac k c k
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column was 5:1 chloroform/ethanol. Yield 0.44g (20Z); m.p. >

200°C; A (H_0) 260nm (e 13,000 M 1cm 1 in terms of max 2

(N2LeuGly )2Ca2+), 380nm (13 M 1cm 1 in terms of (h^LeuGly )2Ca2 +)

v 2110 (C=N=N), 1600 cm" 1 br (CO "); max 2

6U (d -DMSO) 1.0 (6H , d, CH(CH.)_), 1.80 (1H, m, -CH(CH_)_), 2.5 H o  J i  3 c

(2H, d. £ C CH(CH3)2). 3.65 (2H, d. -J^CNH); m/z (FAB -ve 

ion) 198 (M"), 170 (M'-N^. 100, 72.

1-carboxvmclky.1 -5-hvdroxv- 1 . 2.3-triazole (17) This was

prepared by the alkaline hydrolysis of diazoacetylglycine

ethyl ester. Diazoacetylglycine ethyl ester (0.86g, 5

mmole) was left to stand in 4M NaOH solution (2.5ml, 10

mmole) for one day. After acidification to pH2 and cooling,

colourless crystals of the triazole precipitated, which were

then recrystallised from hot water. Yield 0.43g (60Z); m.p.

165°C (lit m.p. 169-70°C37); (Found: C, 33.47; H, 3.58; N.

29.25 Calc for C,HcN„(K C, 33.57; H. 3.50; N. 29.37Z); A4 5 3 3  max
(H O) 269nm (e5400M_1 cm'1); v (nujol) 3160 (OH), 1720 2 max
(C=0 acid), 1620-1500(br N=N, C=N), 1260, 1150cm"1 (C-O/OH);

6U (d -DMSO) 4.8 (2H, s, -CH CO H), 6.8 (1H ,s. -CH=C (OH)-);H b c  c

m/z (FAB +ve ion) 144 (MH+), 116, 98.

1-carboxvmethyl -5-hvdroxv-1 .2.3-triazole amide (41) This 

was made by the hydrolysis of diazoacetylglycinamide in 

dilute alkali. Typically diazoacetylglycinamide (0.5g,

3.52 mmole) was left to stand in 1 .0M NaOH solution (3.5ml,

similar manner to that for (J3.). Eluent used for silica
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3.52 mmole) for 5h at room temperature. After acidifcation

to pH2 and cooling, colourless crystals of the triazole (AJ.)

precipitated, which were then recrystallised from hot

ethanol. Yield 0.3g (6 0 Z) ; m.p. 135°C(dn); (Found: C,

33.90; H, A.22; N. 39.33. C,HeN,0_ requires C. 33.80; H,
A b A c

A.23; N, 39.AA); X (H_0) 269nm (e 56A3 M~1 cm”1); vmax 2 max
(nujol) 3270, 3180 (NH), 1675 (C=0 amide), 1620-1500 (br

N = N , C = N ) , 1300cm"1 (C-0); 5U (d -DMSO) A.7 (2H, s, -H 6

CH2C0NH2), 6.9 (1H, s, -CH = C(0H)-); m/z (El) 1A2 (M+), 11A,

98.

1-Carboxvmethvl-5-methoxv-1.2.3 triazole amide (A2) - This was

made by treating triazole (AJ_) (0.2g, 1.A1mmole) in methanol

(30ml) with ethereal diazomethane until nitrogen evolution ceased

and the solution remained yellow. Evaporation of the reaction

solution gave a white solid, which was recrystallised from

ethanol. Yield 0.21g (957); m.p 190°C(dn), (Found C, 38.A2; H,

5.13; N, 35.80. CcHo0 N requires C, 38.A6; H, 5.13; N, 35.90);
S o Z A

(H,0) 275nm (eA558 M_1 cm"1); v (nujol) 3270, 3180 (NH), max c max
1675 (c=0 amide), 1620-1550 (br N=N, C=N), 1320 cm" 1 (C-0);

6 (d -DMSO), 3.9 (3H, s, Me 0) , A.5 (2H, s, -CH „C0NHJ, 6.9 (1H,S n o  2 2

-CH=C(0Me)-); m/z (El) 156 (M+), 128, 112.

1-carboxymethvl-5-methoxv-1 .2■3-triazole (A3) This was 

synthesised by the hydrolysis of [ U 2 )  in dilute alkali.

Typically (A_2 ) (0.1g, 0.6A mmole) was left to stand in 0.1M 

NaOH solution (7ml, 0.65 mmole) for 2h at room temperature.

After acidifcation to pH2 and cooling, colourless crystals
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orecrystallised from methanol. Yield 65mg (65Z) m.p. 200 C

of the triazole (43.) precipitated, which were then

(dn) ; (Found: c. 38.20; H , 4. 43; N. 26.70.. C5H7N303 requires

C, 38 .2 2 ; H, 4.46 ; N, 26 .75) ; Amax (h 2o ) 275nm (e 4600 M 1 cm

V (nuiol) 3160 (OH) . 1720 (C = 0 acid), 1620-1500max
00 cm 1(br N= N , C = N) , 13 (C-0 1 ; 6h (d.-DMSO), • 6 ). 90 (3H, s,

MeO) . 4.8 (2H, s , -c h2co 2h ) . 7.0 (1H , s, -CH = C (OMe)-); m/z

(El) 157 (M+), 129, 113.

Hvdroxvacetvlqlvcine ethvl ester Diazoacetylglycine ethyl

ester (2g, 0.012 mmoles) was dissolved in water (50ml) and

heated with stirring at 60°C for one hour, by which time

nitrogen evolution had ceased. The solution was evaporated,

and freeze dried to give a colourless crystalline compound.

Recrystallised from dichlorometane. Yeild 1.8g (93Z ) m.p.

66-68°C (lit m.p. 68.5°C41); (Found: C, 44.70, H, 6.82, N,

8.67 Calc for CpH44N0, C. 44.72; H, 6.83; N, 8.70Z); v611 4 max
(nujol) 3500-3200 br (OH str), 1745 (C=0 ester), 1650, 1540

(C=0/NH amide), 1210cm" 1 (CO ester); 6U (CDC1.) 1.25 (3H, t,
H 3

J7Hz, Et), 3.9 (1H, s, exchange, -OH), 4.10 (2H, d, - 

NHCH2-), 4.20 (2H, q. J7Hz, Et), 7.4 (1H, s, exchange, -

COM-); m/z (El) 161 (M+) , 130, 1 1 6, 88.

Chloroacetvlglvcine ethvl ester Diazoacetylglycine ethyl 

ester (0.5g, 2.9 mmole) was dissolved in ether (60ml). Dry 

hydrogen chloride was passed through the solution until 

nitrogen evolution had ceased. A colourless crystalline
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compound was obtained on evaporation of the ether solution. 

Recrystallised from ethyl acetate - petroleum ether. Yield

0.50g (95Z) m.p. 58-60°C (lit m.p. 62-63°C41); (Found: C, 

40.15; H. 5.58; N. 7.77 Calc for C.H._N0.C1 C, 40.11,
o 1 U J

H.5*57; N, 7.80Z); v (nujol) 3270 (N-H amide), 1745 (C=0max
ester). 1650, 1565 (C=0/NH amide), 1210 (CO ester), 720 cm" 1

(C-Cl); 6 (CDC1 ) 1.3 (3H, t, 7Hz, Et), 4.0 (2H, d, -
H  j

NHCH2), 4.1 (2H, s, C1CH2-), 4.2 (2H, q. J7Hz, Et); m/z (El) 

179 (M+), 134, 130, 106.

812-5-diketomorpholine (40) a-Bromoacetylglycine (2g, 0.02

mole) was dissolved in 1M NaOH (10ml). The water was

removed under vacuum andthe residual a-bromoacetylglycine

sodium salt was heated at 80°C for 1h to give a white solid.

Absolute alcohol (100ml) was added and the solution dried

over anhydrous Na.SO,. Evaporation of the solvent gave

Yield 0.46g (40Z). Compound (4_0) was further purified by

sublimation at 185°C 0.5torr. Yield 0.23g (50Z); m.p. 170-

172°C; v (nujol) 3300 (NH amide), 1750 (C=0, 6 lactone), max
1670 cm" 1 (C=0, lactam); 6(d -DMSO) 3.84 (2H, m, -HNCH C0-),

6 2

4.04 (2H, m, -COCH^-) 8.5 (1H, br, s); m/z (El) 115 (M), 71 

(loss of C02"), 42 (H2C-C =0+), 28 (C = 0‘).
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Abbreviations

IUPAC NAME Abbreviation

^iaioQcetvlgWcine N(WE
ethyl ester

N.-(2-dia2o-4- metfylhexanojl) NL4E

glycine ethyl ester

Dia^oacetylgljfcine, NC^Ca

calcium salt

N-Dia2 oa,cebl(glycyl)glycine; 
calcium salt

N4<WCa



Ames Test vith NGGE, NGGGCa and NLGE

The  s t a n d a r d  p l a t e  i n c o r p o r a t i o n  a s s a y  o f  Ames was  u s e d  w i t h  

s t r a i n  TA100 f o r  NGGE a n d  NGGGCa a n d  NLGE. I n  a d d i t i o n  NLGE w a s  

t e s t e d  w i t h  TA98.

T h e  m e t h o d  u s e d  was  t h a t  d e s c r i b e d  by  C h a l l i s  e t  a l . ( 1 9 8 5 )

T o x i c o l o g y  L e t t e r s  2 6 ,  8 9 - 9 3 .

RESULTS

The  r e s u l t s  a r e  s h o wn  i n  T a b l e s  1 - 7 .

NGGE was  t e s t e d  a t  c o n c e n t r a t i o n s  up t o  1000  p g / p l a t e  ( t h i s  

b e i n g  t h e  maximum i t  was  p o s s i b l e  t o  p l a t e  d u e  t o  t h e  s o l u b i l i t y  

o f  t h e  c o m p o u n d )  w i t h  s t r a i n  T A 1 0 0 .  T a b l e  1 s h o w s  t h e  r e s p o n s e  

i n  t h e  f i r s t  s t u d y ,  T a b l e  4 t h e  r e p e a t  s t u d y .  I n  b o t h  s t u d i e s  

NGGE p r o v e d  t o  b e  a s t r o n g ,  d i r e c t  a c t i n g ,  m u t a g e n  w h o s e  r e s p o n s e  

was  n o t  a l t e r e d  by  S - 9 .

NGGGCa was  t e s t e d  a t  c o n c e n t r a t i o n s  up t o  5 0 0 0  j i g / p l a t e  w i t h  

TA100 ( t h e  n o r m a l  maximum l e v e l  t e s t e d ) .  T a b l e  2 s h o ws  t h e  f i r s t  

s t u d y  a n d  T a b l e  5 t h e  r e p e a t  s t u d y  u s i n g  a c l o s e r  d o s e  r a n g e .  I n  

b o t h  s t u d i e s  NGGGCa p r o v e d  t o  be  a d i r e c t  a c t i n g  m u t a g e n  w h o s e  

r e s p o n s e  was  n o t  a l t e r e d  by  S - 9 .  H o w e v e r  NGGGCa was  n o t  a s  

p o w e r f u l  a s  NGGE ( a p p r o x i m a t e l y  600  c o l o n i e s / p l a t e  w e r e  s e e n  a t  

5 0 0 0  p g / p l a t e  w i t h  NGGGCa b u t  a t  o n l y  10 p g / p l a t e  w i t h  NGGE).

NLGE was  t e s t e d  a t  c o n c e n t r a t i o n s  up t o  5 0 0 0  p g / p l a t e  w i t h  

b o t h  TA98 a n d  T A100 .  The r e s u l t s  a r e  s e e n  i n  T a b l e s  3 a n d  6 f o r  

TA100 a n d  T a b l e  7 f o r  TA98.  I n  a l l  t h r e e  t e s t s  NLGE was  n o t

m u t a g e n i c



2

D I S C U S S I O N

A l l  t h r e e  c o m p o u n d s  w e r e  i n i t i a l l y  t e s t e d  i n  TA100 o n l y ,  a s  

p r e v i o u s  e x p e r i m e n t s  ( r e p o r t e d  by  C h a l l i s )  s u g g e s t e d  t h a t  t h i s  

w o u l d  be  t h e  s t r a i n  o f  c h o i c e  f o r  t h i s  t y p e  o f  c o m p o u n d .

B o t h  NGGE a n d  NGGGCa p r o v e d  t o  b e  m u t a g e n i c  i n  t h i s  s t r a i n ,  

NGGE b e i n g  t h e  m o r e  p o w e r f u l  m u t a g e n ,  b e i n g  d e t e c t e d  a t  l e v e l s  

100 t i m e s  m o r e  d i l u t e  t h a n  NGGGCa. As w i t h  t h e  n i t r o s o d i p e p t i d e s  

t h e  p r e s e n c e  o f  S - 9  d i d  n o t  a l t e r  t h e  r e s p o n s e  a n d  i t  may be  

c o n c l u d e d  t h a t  b o t h  c o m p o u n d s  w e r e  d i r e c t  a c t i n g  b a s e - p a i r  

s u b s t i t u t i o n  m u t a g e n s  i n  t h i s  a s s a y .

NLGE w a s  s h o w n  t o  be  n o t  m u t a g e n i c  i n  t h e  f i r s t  s t u d y  a n d  i t  

was  d e c i d e d  t o  r e t e s t  i n  t h e  s ame  s t r a i n  ( T A 1 0 0 )  b u t  a l s o  t o  u s e  

t h e  f r a r a e s h i f t  m u t a t i o n  d e t e c t i n g  s t r a i n  TA98 .  I n  b o t h  s t u d i e s  

NLGE was  s ho wn  t o  be  n o t  m u t a g e n i c .
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Table 1.

Ames Test with NGGE using TA 100

Compound
D o s e

( p g / p l a t e )

Mean n u m b e r o f  c o l o n i e s / p l a t e 3

S - 9  mi x ( B a t c h  1 7 / 1 / 8 6 )

0 1 0 %

HoO 0 96 1 0 0

( S o l v e n t  c o n t r o l )

NGGE 0 . 1 104 116

1.0 156 178

1 0 . 0 6 8 3 * 565*

1 0 0 . 0 13 7 3 * 12 8 4 *

1 0 0 0 . 0 1 694* 1667*

NaAz 5 . 0 7 0 7 *

2AA 4 . 0 18 4 9 *

NaAz S o d i u m a z i d e
2AA 2 Amino a n t h r a c e n e
* P o s i t i v e  m u t a g e n i c r e s p o n s e
a V a l u e s a r e  t h e  mean f r o m  t h r e e  p l a t e s
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Table 2.

Ames Test with NGGGCa using TA 100

Do se
Compound ( p g / p l a t e )

Mean n u m b e r o f  c o l o n i e s / p l a t e a

S - 9  mi x ( B a t c h  1 7 / 1 / 8 6 )

0 1 0 %

HoO 0 82 94
( S o l v e n t  c o n t r o l )

NGGGCa 1 97 90

1 0 103 93

1 0 0 133 134

1 0 0 0 246* 351 *

5 000 624* 553*

NaAz 5 801 *

2AA 4 . 0 1849*

NaAz S o d i u m  a z i d e
2AA 2 Amino a n t h r a c e n e
* P o s i t i v e  m u t a g e n i c r e s p o n s e
a V a l u e s  a r e  t h e  mean f r o m  t h r e e  p l a t e s
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Table 3.

Ames Test with NLGE using TA 100

Compound
Do se

( p g / p l a t e )

Mean n u m b e r o f  c o l o n i e s / p l a t e 3

S - 9  mi x ( B a t c h  1 7 / 1 / 8 6 )

0 1 0 %

E t h a n o l 0 89 87
( S o l v e n t c o n t r o l )

NLGE 1 89 105

1 0 97 93

1 0 0 93 1 0 1

1 0 0 0 91 1 2 1

5 0 0 0 89 1 0 0

NaAz 5 801 *

2AA 4 . 0 18 4 9 *

NaAz S o d i u m  a z i d e
2AA 2 Amino a n t h r a c e n e

P o s i t i v e  m u t a g e n i c  r e s p o n s e
V a l u e s  a r e  t h e  mean f r o m  t h r e e  p l a t e s
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Table 4.

Ames Test with NGGE using TA 100

D o s e
Compound ( p g / p l a t e )

Mean n u m b e r o f  c o l o n i e s / p l a t e 3

S - 9  mi x ( B a t c h  1 0 / 3 / 8 6 )

0 1 0 %

h 2 o 0 106 109
( S o l v e n t  c o n t r o l )

NGGE 0 105 123

1 . 0 183 186

1 0 . 0 8 2 6 * 790*

1 0 0 . 0 1 4 2 6 * 1 3 7 8 *

1 0 0 0 . 0 18 9 4 * 1778*

Na Az 5 . 0 1 1 6 3 *

2AA 4 . 0 963*

NaAz S o d i u m  a z i d e
2AA 2 Amino a n t h r a c e n e
* P o s i t i v e  m u t a g e n i c r e s p o n s e
a V a l u e s  a r e  t h e  mean f r o m  t h r e e  p l a t e s
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Table 5.

Ames Test with NGGGCa using TA 100

Compound
D o s e

( p g / p l a t e )

Mean n u m b e r o f  c o l o n i e s / p l a t e a

S - 9  mi x ( B a t c h  1 0 / 3 / 8 6 )

0 1 0 %

Ho 0 0 132 108
( S o l v e n t  c o n t r o l )

NGGGCa 1 0 0 129 97

500 186 176

1 0 0 0 252 283*

250 0 387 * 3 7 8 *

5000 5 8 9 * 605*

NaAz 5 1 1 6 3 *

2AA 4 863*

NaAz S o d i u m a z i d e
2 AA 2 Amino a n t h r a c e n e
* P o s i t i v e  m u t a g e n i c r e s p o n s e
a V a l u e s a r e  t h e  mean f r o m  t h r e e  p l a t e s
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Table 6.

Ames Test with NLGE using TA 98

Compound
D o s e

( p g / p l a t e )

Mean n u m b e r o f  c o l o n i e s / p l a t e a

S - 9  mi x ( B a t c h  1 0 / 3 / 8 6 )

0 1 0 %

E t h a n o l 0 2 0 18
( S o l v e n t c o n t r o l )

NLGE 1 18 32

1 0 25 25

1 0 0 26 24

1 0 0 0 24 26

5 0 0 0 23 28

2 NF 5 5 8 6 *

2AA 4 863*

NaAz S o d i u m  a z i d e  
2NF 2 N i t r o f l u o r e n e  
* P o s i t i v e  m u t a g e n i c  r e s p o n s e
a V a l u e s  a r e  t h e  mean  f r o m  t h r e e  p l a t e s
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Table 7 •

Ames Test with NLGE using TA 100

Compound
D o s e

( p g / p l a t e )

Mean n u m b e r o f  c o l o n i e s / p l a t e 3

S - 9  mi x ( B a t c h  1 0 / 3 / 8 6 )

0 1 0 %

E t h a n o l 0 2 0 18
( S o l v e n t c o n t r o l )

NLGE 1 8 6 105

1 0 107 105

1 0 0 1 1 1 118

1 0 0 0 1 1 1 97

500 0 132 93

2 NF 5 126 3 *

2AA 4 986*

NaAz S o d i u m  a z i d e
2AA 2 Amino a n t h r a c e n e
* P o s i t i v e  m u t a g e n i c  r e s p o n s e
a V a l u e s  a r e  t h e  mean  f r o m  t h r e e  p l a t e s



Table 1 Effect of Diazoacetylglycine Calcium Salt on

r e v e r s i o n  o f  S a l m o n e l l a  t y p h i m u r i u m  TA100 i n

t h e  Ames p l a t e  i n c o r p o r a t i o n  t e s t  

S t u d y  1

Mean n u m b e r o f  c o l o n i e s / p l a t e

Compound a n d  
d o s e

( p g / p l a t e )

S - 9  mi x ( B a t c h  1 4 / 1 / 8 5 )

0 1 0 %

M ^ C a

0 47 50

1 47 44

1 0 52 52

1 0 0 1 0 2  * 97

1 0 0 0 406* 37 9 * a

5000 8 6 1 * 722*

NaAz

5 1 5 9 2 *

2AA

4 2 08*

N<3<3c.u D i a z o a c e t y l g l y c i n e ; C a l c i u i n  S a l t
NaAz S o d i u m  a z i d e
2AA 2 Amino  a n t h r a c e n e
* P o s i t i v e  m u t a g e n i c  r e s p o n s e
The  v a l u e s  a r e  t h e  mean c o u n t  f r o m  t h r e e  p l a t e s  e x c e p t  w h e r e  t h e  

s u p e r s c r i p t  a d e n o n t e s  t h e  mean f r o m  two p l a t e s .  I n d i v i d u a l  
d a t a  a r e  s ho wn  i n  A p p e n d i x  1.



/
T a b l e  2 .  E f f e c t  o f  D i a z o a c e t y l  g l y c i n e  C a l c i u m  S a l t  on 

r e v e r s i o n  o f  S a l m o n e l l a  t y p h i m u r i u m  TA100 I n  

t h e  Ames p l a t e  i n c o r p o r a t i o n  t e s t  

S t u d y  2

Mean  n u m b e r o f  c o l o n i e s / p l a t e

Compound a n d  
d o s e

( y g / p l a t e )

S - 9  mi x ( B a t c h  1 4 / 1 / 8 5 )

0 1 0 %

NtWCo.

0 46 58

1 0 36 49

50 56 67

2 0 0 123* 123*

1 0 0 0 179* 176*

5000 4 3 0 * 515*

NaAz

5 6 8 6 *

2AA

A 645 *

N<33Ca. D i a z  o a c e t y l g l y c i n e ; C a l c i u m  S a l t
NaAz S o d i u m  a z i d e
2AA 2 Amino a n t h r a c e n e
* P o s i t i v e  m u t a g e n i c  r e s p o n s e
The  v a l u e s  a r e  t h e  mean c o u n t  f r o m  t h r e e  p l a t e s .  I n d i v i d u a l  d a t a  

a r e  shown  i n  A p p e n d i x  2 .
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Mammalian cell mutation assays vith NGGE

■\ j/

Two a s s a y s  h a v e  b e e n  c a r r i e d  o u t  u s i n g  t h e  CHO/HGPRT 

m u t a t i o n  a s s a y  a s  o r i g i n a l l y  d e s c r i b e d  by  O ’ N e i l l ,  B r i m e r ,  

M a c h a n o f f ,  H i r s c h  & H s i e  ( 1 9 7 7 )  M u t a t i o n  R e s e a r c h  4 5 ,  9 1 - 1 0 1 .

The  a s s a y  u s e s  a l i n e  o f  C h i n e s e  h a m s t e r  o v a r y  c e l l s  

( C H O - KI -B H 4 ) and  d e t e c t s  m u t a t i o n  a t  t h e  X - l i n k e d  r e c e s s i v e  g e n e  

f o r  h y p o x a n t h i n e - g u a n i n e  p h o s p h o r i b o s y 1 t r a n s f e r a s e .  The  n u m b e r  

o f  c e l l s  w h i c h  f o r m  c o l o n i e s  i n  t h i o g u a n i n e  i n d i c a t e s  t h e  

f r e q u e n c y  o f  m u t a t i o n s  a t  t h e  HGPRT l o c u s .

Basic assay

Day 0 C u l t u r e s  e s t a b l i s h e d  f r o m  c e l l  s t o c k .

Day 1 T r e a t m e n t  w i t h  c o m p o u n d  d i s s o l v e d  i n  m e d i u m .

R e m o v a l  o f  c o m p o u n d  a f t e r  s t a t e d  t i m e .

Day 2 S u b c u l t u r e  o f  e a c h  f l a s k  i n t o  o n e  l a r g e  c u l t u r e  d i s h

( 1 0 ^ c e l l s )  a n d  3 s m a l l  d i s h e s  ( 2 0 0  c e l l s )  f o r  

e s t i m a t i o n  o f  c o l o n y  f o r m i n g  a b i l i t y  ( c e l l  s u r v i v a l ) .  

D a y s  4 , 7  S u b c u l t u r e  o f  l a r g e  d i s h  t o  f r e s h  d i s h  ( 1 0 ^  c e l l s ) .  

Day 9 S t a i n i n g  a n d  c o u n t i n g  o f  s u r v i v a l  d i s h e s .

S u b c u l t u r e  o f  l a r g e  d i s h  ( c e l l s  h a v i n g  h a d  8  d a y s  t o  

e x p r e s s  m u t a t i o n s )  i n t o  5 l a r g e  d i s h e s  ( 2  x 1 0 ^ c e l l s  

e a c h )  w i t h  2  p m / ml  t h i o g u a n i n e  ( 2 0 0  c e l l s  e a c h )  f o r  

e s t i m a t i o n  o f  p l a t i n g  e f f i c i e n c y .

Day 16 C o u n t i n g  o f  c o l o n i e s  i n  p l a t i n g  e f f i c i e n c y  d i s h e s .
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Day 19 C o u n t i n g  o f  c o l o n i e s  i n  t h i o g u a n i n e  d i s h e s .

The  i n d u c e d  m u t a t i o n  ( o r  m u t a n t )  f r e q u e n c y  i s  

c a l c u l a t e d  a s  t h e  n u m b e r  o f  t h i o g u a n i n e - r e s i s t a n t  

c o l o n i e s ,  c o r r e c t e d  f o r  p l a t i n g  e f f i c i e n c y  e . g .  i f  50% 

o f  c e l l s  f o r m  c o l o n i e s  i s  m u l t i p l i e d  by  2  t o  g i v e  

m u t a n t  f r e q u e n c y  p e r  1 0 ^ c e l l s .

The  f i r s t  t e s t  o f  NGGE was  c a r r i e d  o u t  e x a c t l y  a c c o r d i n g  t o  

t h i s  s e c o n d  t e s t  e m p l o y e d  t h e  new s t a n d a r d i s e d  p r o t o c o l  u n d e r  

i n v e s t i g a t i o n  by t h e  U n i t e d  K i ng d o m E n v i r o n m e n t a l  M u t a g e n  S o c i e t y  

i n  w h i c h  a 3 h r  e x p o s u r e  i s  f o l l o w e d  i m m e d i a t e l y  by s u b c u l t u r e  a s  

p r e v i o u s l y  on  Day 2 .

B o t h  a s s a y s  show a s t r o n g  d o s e - r e l a t e d  m u t a g e n i c  e f f e c t  o f  

NGGE i n  t h e  a b s e n c e  o f  a n y  m e t a b o l i c  a c t i v a t i o n  s y s t e m .  The  

r e s p o n s e  i s  a s  s t r o n g  a s  many p o t e n t  m u t a g e n s  l i k e  

e t h y l m e t h a n e s u l p h o n a t e  o r  MNNG.



Results of 2 HGPRT mutation assays in CHO cells with NGGE

1.  T r e a t e d  f o r  6  h r

C o n e • NGGE 
( p g / m l )

%
s u r v i v a l

%
p l a t i n g  e f f i c i e n c y

M u t a n t  
f r e q u e n c y  

p e r  1 0 ^

0 1 0 0 1 0 0 0

25 97 79 0
50 8 8 59 0

75 83 37 474
1 0 0 64 64 287
150 56 45 727
2 0 0 5 36 1141
300 1 17 295 8

2 .  T r e a t e d  f o r 3 h r s  ( S t a n d a r d UKEMS m e t h o d )

C o n e . NGGE % %
M u t a n t

f r e q u e n c y
( p g / m l ) s u r v i v a l p l a t i n g  e f f i c i e n c y p e r  1 0 ^

0 1 0 0 72 13
17 93 75 73
6 6 94 74 166
98 1 0 0 55 455

161 84 62 429
234 69 58 839
312 56 49 975


