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ABSTRACT

TIM OMMIiStri tf i| rtC ttiM»l |

A programme of research on agricultural guanidine fungicides,
represented by a complex mixture of several components (fMaattM) and
by a single compound (M hM ), was carried out.

The studies involved the synthesis of several guanidine derivatives and
their characterization by spectroscopic methods such as carbon-13 NMR,
ns. and FAB/ns. The synthetic routes have been described and different
routes for the preparation of guazatine were also established.

Carbon-13 NMR has been shown to be a useful tool In the Identification
of guanidine structures at the central and terminal positions of the
different guanidine molecules, whilst the FAB/MS technigque gave
complete characteristic fragmentation patterns for the guanidine
derivatives.

Acetylacetone and hexafluoroacetylacetone were used as derivatization
reagents to convert synthesized guanidine compounds Into stable and
volatile derivatives to ensure successful gas chromatographic analysis.
Novel compounds were also synthesized using both reagents.

GLC and GLC/MS studies have been shown to be powerful techniques In
the Identification of the Important components In the complex mixture of
guazatine in the form of their hexafluoroacetylacetone derivatives.

Dodine was also studied In the same way as guazatine and can be
analysed by GLC of the hexafluoroacetylacetone derivative.

Mass Spectral data for the various derivatives are presented and
possible fragmentation pathways are discussed.
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| - INTRODUCTION

Pesticides control pests on crops and their actions have been
reco”lzed for a long time. The three main types of pesticides are In-
secticides for the control of insects, herbicides for the control of weeds
and fungicides for the control of diseases of crops.

Only the larger agrochemical companies can face, the expense Involved
In the discovery and development of pesticides. For example, about 10,000
new compounds have to be tested In ordr to get only one potential
pesticide. This may take some 10 years of Intensive studies and around
£10 million might be spent until the pesticide can be launched on the
market

Critical steps in the discovery of new pesticides Include synthesis,
screening against pests, studies of toxicology, field trials, reslAie
analysis, legislation, and marketing, etc

Every yer new pesticides appear on the market because they have a
limited period of life, mainly due to the development of pest resistance,
the Introduction of cheaper competitive pesticides from other companies,
and the expiry of patents, etc

Nowadays, the control of pests is achieved by Integrated Pest Man-
agement (IPM) whereby chemical, biological, and mechanical control are
utilized In association or Individually depending on the pest to be
controlled and the availability of resources.

The environmenUllsts place great emphasis on biological control.
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It Is not new and has been used by nature from time Immemorial. Man
observed this behaviour and tried to repnxkjce it on a large scale to
control pests using their natural enemies.

The literature describes many examples of biological control. Some of
them have been successful and others failed. The problem with biological
control Is that we do not have any study over an extended period of time.
In order to show whether the natural enemy really controlled the pest, or
became a pest Itself causing a new problem. Another problem with
biological control Is that It Is also weather dependent

Genetic engineering Is arising as a powerful technique to control pests.
New studies in genetic engineering are producing crops resistant to
diseases, resistance to a t”~ by Insects and selective herbicides
controlling weeds without damage to crops.

Biotechnology also has become Important as a powerful technUM. with
the discovery of new blopesticldes which are replacing some synthetic
pesticides. More studies need to be done because we do not know yet their
action and behaviour over a long period of time.

But, aprt from all these new methods of pest control, we are still
using on d large scale the synthetic pesticides and we will continue to do
so for a long time because many cannot be replaced In the near future.

It Is Important that we should study carefully all the parameters
related to the pest, crop and environment before a decision is taken on
which method of control to use.

A knowledge of the Interrelationship between pests, crops and
the environment is needed In order to plan the best combination of tech-
niques that will give suitable control of the pest and proAjce minimum
impact on non-target organisms and the environment

In the present programme of study a commercial fungicide belonging to
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the guanidine group has been chosen for Investigatloa The product Is a
mixture of numerous components all with similar biological activity and
difficult to separate. The aim Is to develop a method for the total analysis
of such mixtures and for the determination at residue level of some of the
principal components. To do this several studies will be realized including
synthesis, structural chemical characterization, and analysis by Gas-
Llquld Chromatography. High-Performance Liquid Chromatography. Carbon-
13 Nuclear Magnetic Resonance, Mass Spectrometry. Fast Atom
Bombardment Mass Spectrometry, and 6as-Llquld Chromatography/Mass

Spectrometry, etc.
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[1- HISTORICAL REVIEW

1- HMSICIKS

Fungicides are substances or agents that are capable of destroying
fungi, thus controlling diseases In plants or animals.

The history of fungicides can be divided Into three distinct eras: the
first or sulphur era from ancient times to 1882, the second or copper era
from 1882 to 1934, and the third or organic fungicide era beginning In
1934, with the Introduction of dithlocartiamate fungicides by Tisdale and
Wllllamsi.

Fungicidal action Is usually expressed In one or two physically visible
ways: the Inhibition of spore germination and/or the Inhibition of fungus
growth. Most fungicides Inhibit spore germination or kill the spores Imme-
diately following germlInatloa Some of these chemical Inhibitors or toxi-
cants also retard or halt fungal growth, when applied after the Infectious
stage has developed. The newer systemic fungicides have eradicant prop-
erties and stop the progress of existing Infections by penetrating Into the
plant and being transported within the cell sap to the untreated parts of
the plant

Plant diseases are, like many biological phenomena, difficult to define.
We may, however, think of diseased plants as those which
have become altered In their physiological and their morphological

development to such a degree that signs of such effects are obvious. These
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external signs on the plant which are characteristic of a given disease are
known as symptoms.

Crops are vulnerable to diseases at every stage of their development,
so the defence of our crops must be a continuous effort In order to destroy
the Initial populations of plant pests (pathogens) or to reduce the rates of

Increase In the number of pests.

2- 6MNHINI CtHTMMM

Guanidine (I), Is a crystalline, strong, organic base. It was first pre-
pared by Strecker In 1861 by oxidizing guanine with potassium chlorate
and hydrochloric acid In the course of his work on constituents of guano,

from which the name guanidine Is derlved™.

HN

IC-NH?2 0
H2N

Guanidine Is a deliquescent crystalline solid, readily soluble In alcohol
and water; It is volatile and strongly alkaline, absorbs carbon dioxide from
the air, and forms crystalline salts; It Is a stronger base than any other
organic nitrogenous base recorded”.

Guanidine Is marketed In the form of Its salts, such as nitrate, chlo-
ride. stearate, silicate, or carbonate (these are more correctly called
guanidinium salts). They are used In a variety of areas, thus guanidine hy-
drochloride Is used as an Intermediate In the synthesis of
pharmaceuticals, guanidinium  nitrate In  the production of

explosives, and guanidine stearate as a release agent for processing of

23



plastics”.

Among the guantdtnee three groups can be distinguished; monoguanl-
dlnes, such as /”octylguanidine (2). diguanidines such as
decamethylenediguanidine (synthalln A) (3). and biguanidines such as

/HHJtylbiguanide (buformin) (4).

NH
CH3-(CH2)7-NH-C~ )
NH?

~NH

X-NH-(CH2)]0-f«-Cv 3)

H2N NH2

ANH
CH3-CH2-CH2-CH2-m-C-NH-C» (4)
Sh *2

The short chain guanidine salts are readily soluble in water; the long
chain derivatives are more soluble In ethanol/water mixtures. The strong
basicity of the guanidines, as well as the tendency for complex formation,
may influence their behaviour In biological systems”.

The biological activity of substituted guanidines was recognized In the
mid-thirtles when a series of guanidine and biguanidtne compounds was

reported to have bactericidal and disinfectant properties”.
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S-SMNIIINiIinMIICIKt

Tht first agricultural guanidint fungicide appeared in 1956 with the
development of /”~dodecylguanidine aceUte (5) (known as dodine or

Cyprex) by tne American Cyanamid Co.*<".

MM
CH3-(CH2)ii-NH-C~A A QizC00'  (5)
NH2

Oodine found wide use because of Its ability to destroy established
infections of apple scab, a property shown previously only by the organic
merorialsio.

Hudson et ' presented a comprehensive review on guanidine com-
pounds with antifungal and antibacterial activities.

in 1966 Evans Medical LImItedi” patented a method for the preparation

of fungicidal guanidine derivatives having the following general formula:

pi p2

6-R®-N-(R"-")irR®-6*

where, ri,r2 -h oralkyl groups

r6, r7, Rd - may be the same or different, are straight or
branched alkylene groups separating adjacent nitrogen atoms by chains of
at least two carbon atoms, the total number of carbon and nitrogen atoms
In the straight chain between the two groups 6* and 62, excluding

branching groups, being always greater than 12, n Is an integer from 0 - A
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where, R3, R4, RS - Hor allcyl groups having | to 4 carbon atoms.

The compounds were Intended for pharmaceutical application. They
were active against the pathogenic fungus CmatdH»fcans WA showed
antibacterial activity against Pseudomo/mpyocyaneusi Stipitylococcus
aureus and EscherlcMa.coU.

One of the compounds. 9-aza*l,I7-dlguanldinoheptadecane or bls-(8-
guanldino-octyl)amine, was subsequently developed as an Important agri-
cultural fungicide under the name guazatine and was produced In the form
of the triacetate (10). The compound can be prepared by the reaction of
bls-(8-amIno-octyl)amlIne (6) with .“methylisothlouronlum sulphate (7),
followed by conversion to the carbonate and acetate as shown In Figure
1«3.

The first paper showing the fungicidal effects of this guanidine
derivative and Its salts In the control of seed-borne diseases in cereals
arpeared In 1968 as the result of joint work between Murphy Chemical
Ltd. and Glaxo Research Ltd, both from the UKif The triacetate Is
particularly useful as a replacement for organomercurlal seed-
dressings”.

It Is In this context that KenoGard AB of Stockholm, Sweden, undertook
the commercial development of guazatine.

The commercial formulation consists of the acetates of a
standardized mixture obtained by 82-8411 amidinatlon [using cyanamide
(I D] of technical triamlne, containing 1,8-dlamlno-octane (12), bls-(8-

amlIno-octyl*Ine (6). and higher oligomers (13)i3.i6, md it Is to this
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mixture that the name guazatine now applies”.

ANH2
NH2-<CH2)e-NH-(CH2Vi«2 ¢ ICHS-S-C>fclrU )A SO,
N2

(6) )

' /172
( AC-NH-(CH2)e-»«2*-iCH 25" NH*CA 19 3 304" BN6-S (8)
H,NA ANH2

+NajCo,

, ANH2" 2.
( AC-NH-(CH2)8-NH2 -(CH2)8-f«-C " lj 3C0j GNG-C(9)
NH2

CH3COOH

"H2N ANH2*
>tt<-(CH 2)a-NH2 -(CH2)e-NH-C; JCHJCOO" GN6-A(L0)
H2W NH2

I. Reaction scheme for the preparation of guazattne (GN6-A)

through reaction of triamine with 5methyilsothlouronlum

sulphate.

29



NH2CN (1
NH2-<(»2)e-NH2 (12)
NH2-(0I12)HNH-(0(2)81b-NH2 (13)

Where, n 22

A number of guanidine derivatives are thus present in which one or
more of the amino groups (both primary and secondary) have been con-
verted to guanidine. .

The principal focus of attention In the present work has been on this

guazatine fungicide and some work with dodine has also been carried out

s.I-twmKsii

The possible reagents for the amidination step in the guazatine syn-
thesis are cyanamide (Il)i2.i7, 5methylisothlouronium sulphate
(7)12.18 ort“methyllsouronium hydrogen sulphate (14)18. j*ethyllsoth-
touronlum sulphate reacts with evolution of methanethlol and so requires
careful handling, particularly on the Industrial sale. The by-products of
the other two reagents are much less toxic and are much more amenable

to large-sale handling.

CH3-0-CAA2 »soa (14

Kenkyuho described the utilization of “methyllsouronlum aatate (15)

In the production of bls-(8-guanldino-octyl)amtne triacetate (10)20.
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NH9*
CH3-0-CA CH3CO00* (15)
NH2

However, the commercial process for guazatine productlonZi (Figure 2)
does not Include the isolation of the triamlne resulting from the reform-

ing reaction, and thus a number of polyamines are present

CI(CH2)«Cl
I NaCN

NC((»2)6CN

I H2/Catalyst

NH2(CH2)s NH2

-NH 3 /Catalyst

Tech. TriamIne ItI2CN
containing NH2(CH2)«NH(CH2)sMI2 6TA
other polyamines CH3COOH

-NH3/CaUlyst

NH2(CH2>8~ ~ 2 )aNKCH2)872

etc

12. Commercial process for the manufacture of guazatine2i.

The composition of the technical triamlne used in this process is gen-
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erally as follows: dlamin* content - 30 t 5S; trlamInt content - 40 t
5X; higher oligomers content - 30X.
Technical triamlne and cyanamide in the presence of acetic acid and

water give the guanidated amine acetates (GTA).

TaMt 1. Components of a representative mixture Of guanidated

amine acetates

hole holec Gram of %w/w of
Compd. Frac. holes Weight Prod, as Guanid.
as Acet Acetates Amine Ac.
NN 0.032 0.007 26436 1.76 0.84
GN 0.295 0.061 306.52 18.81 8.97
GG 0.672 0.140 451.64 48.74 23.23
NNN 0.006 0.001 451.64 0.40 0.19
2/3GNN 0.080 0.012 493.80 5.85 279
I/3NGN
2/3GGN 0.242 0.036 535.96 28.79 13.72
I/3GNG 0.121 0.018 535.96 9.60 458
GGG 0.551 0.082 577.43 47.15 2242
ARl 0.001 638.92 0.05 0.02
1/2GNNN 0.019 0.001 681.08 0.97 0.46
1/2NGNN
1/3GGNN 0.131 0.010 723.24 7.11 3.39
1/3GM3N
1/ 6NGGN
1/ 6GNNG
1/2GGGN 0.397 0.030 765.40 2279 10.86
1/2GNGG
GGGG 0.452 0.034 807.56 27.38 13.05
209.80 IQQO0_

Theoretically 100 grams of technical triamine amidinated to 82X and
neutralized gives 209.80 grams of acetate saits”t.
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The average expected Isomertc composition of {"ldated amine
acetates can also be calculated statistically on the basis
of the assumption that random guanidatlon of the various amino
groups occursZi. Table | shows the calculated percentage of each main
component of a representative mixture of guanidated amine acetatei

The symbols used stand for NN 1 diamine, GN 1 monoguanidated di-
amine. 6G - diguanidated diamine, NNN - trlamine, GNN or NGN 1
monoguanidated trlamlne, GGN or GNG - diguanidated trlamlne. GGG -
triguanidated trlamlne, NNNN - tetra-amline (the main component of
the polyamline fraction). GNNN or NGNN e monoguanidated tetra-amine,
GGNN or GNGN or NGGN or GNNG - diguanidated tetra-amlIne. GGGN or GNGG
- triguanidated tetra-amline. and GGGG < tetraguanidated tetra-amine.
Table 2 shows the chemical structures for these components

One way in which a study of the various possible components of the
product could be made would Involve the synthesis of each component and
of similar model compounds, and a separate study of these.

The work Involved Initially the synthesis of authentic pure samples of
bls-(8-guanldino-octyl)amlne salts and a series of model compounds
under various conditions using at least two different reagents, cyanamide

and 5 methyllsothlouronlum sulphate.

U -INICMJSiaiL iM KIMMm m MKCn

Fungicides, usually, compared with Insectidides and herbicides show
low mammalian toxicity. Apart from this characteristic they present risk
of environmental pollution and residues In foods If not used correctly.

A knowledge of the toxicology and degradation products of guanidine
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Tafelt 2. Structures of the components tn a representattve mixture

of ffiMnldated amine acetates.

Hj N(CH2)8NH3* 2CH3C00*

H2NA
'C-NH(CH2)8NH3* 2CH3C00"

H2N'

/\Z*IV\ ANH2*
C-NH(CH2)8NH-C 2 CH3C00

H21/ "N H 2

*H 3N(CH2) 8NH2*(CH2)8NH3* 3 CH3COO"

"H2N
AC-NH (CH2)8NH2*(CH2) 8NH3"
HONA

N
H2Ns

r
*H3N(CH2)8 N * (CH2)8NHs*

JNH2*

3 CH3co0'

MAMQQFTICOMPQfgNT___

1,8-01lamtno-octane diacetate
(NN-A)
1-Amino-8-guanidino-octane

dlacetate (GH-A)

18-Olguandino-octane
dlacetate (66~A)

Bls-<8-amlno-octyl)amlne
triacetate (NNN-A)

3 CHsCOO' N-(8-Am1no-OCty1)- N-(8-

guanldino-octyUamIne
triacetate (GNN-A)

Bls-(8-amlno-octyl)guanidine

triacetate (NGN-A)

H2N, ,NH2
'CNH(CH2)8NH2M(CH2)8NH¢'" 3CH3COO Bls<8-guanidino-

H21/ NH2

, H2Nv .72

octyDamine triacetate
(BNGA)

 CNHCH2BN(CH2)BNH3 - 3CHB000. H &Am

H2N”

«2N \% ,"NH2

"c¢- nh(CH28- n-(CH2)8"«-C"
H2NA

f«?2

NH2
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fungicides Is very important In order to safeguard the farmer and sprayers
In the field and the consumers when Ingesting food sprayed with

fungicides.

IM/»1 raiwlny no taxlcflloflical affocfclt

BaL 200 ppm, (54011 active Ingredient as acetate In water)

equivalent to 5 mg/kg body weight of the active Ingredient.

Dog: 200 ppm, (548X active Ingredient as acetate In water) in
the diet, equivalent to 3 mg/kg body weight of the active

Ingredient

of r*umtuw Accwtabla Daily Intake (ADI) for malt»»
0 - 0.03 mg active Ingredient as acetate/kg body weight

One of the most important aspects of the understanding of the fate of
pesticides In the environment Is a knowledge of the degradation mecha-
nisms for the compound In questlon22-

By analogy with the catabolism of natural guanidated compounds, a
degradative pathway for a guanidated amine as exemplified by guazatine
was proposed by Bjork and Sllrala-Hansen23, and Is shown in Figure 3.

In a study carried out in Japanese soils, Sato and co-workers showed
that when guazatine was added to soil. It was Immedlatelly and strongly
adsorbed to soil particles to become unavailable to micro-organisms and
resistant to degradation. The strength of adsorption was comparable to
that of bipyridyllum herbicides, which are adsorbed by the soil inorganic

fraction by a mechanism of lon exchange2f
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HNA NH
AC-NH(CH2)$NH(CH2)8 NH-C '

H2f/ . n NH2
NH3
NH
- NH(CH2)8NH <CH2>8 NH-C~ NH2CONH?2
HiN NH2
NH3
/ NH
t«2(CH2)8NH(CH2)8»«-C '
N f«2
NH3
0
NH2(CH2)eNH(CH2)8NH-C” N2 GONHR
NH2
NHt
NH2<CH2)8NH(CH2)8NH2
NH2(CH2)8NH2
NH2(CH2>7CHO
COOH(CH2)6CO0OHA
x*
COOH(CH2) 4C00H CH3COOH

COOH(CH2)2C00H ~  CH3COOH

CITRIC ACID CYCLE = -——-—-—-- » CO2

I's. Proposed pathways for the degradation of guazatine23.
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Because of the strong adsorption of guazatlne to soil particles, guaza-
tine soil residues were defined as ‘soli bound resKkws'
unavailable to plants even by rotational crops grown In actual agricultural
solls25. A soil bound residue is ‘that unextractable and chemically
unidentifiable pesticide residue remaining In fulvic acid, humic acid, and
humin fractions after exhaustive sequential extraction with non-polar
organic and poir solvents‘2”.

The addition of guanidine hydrochloride releases guazatine from the
bound form27.

Certain plant-components Interfere with guazatlne and might be the
cause of its low recoveryZS. Fructose is a m ajx sugar component of apple
and grape and Its carhonyl group and hydroxyl group at the
Ci-positlon play an Important role in the Interaction with the guazattne
molecule. A similar result was obtained with sorbose.

Little IS known about the metabolic fate of guazatlne In plants. The
autoradiographic study of Sato and co-worlcers with apple fruitsovr a 12
weeks period following the application of <~-guazatlne triaceute to the
fruit-surface showed clerly that (i ) a major part of was retained on
the surface, (2) the rate of >~-uptake was extremely slow, and (3) the
order of «”~-concentration In fruit tissue was peel > seeds >flesh > core.
They concluded that photolysis was the sole significant transformation
pathway of guazatine applied to the plant29.

Sato et  continuing their study, verified that the first step in the
photolysis of guazatlne is probably a photosensitized oxidation because
guazatine Itself absorts no ultra-violet and visible 11y it The second step
of the reaction (méthylation), however, seemed quite extraordinary If
phototransformation reactions were involved. It is an unclear feature and

further studies are needed to account for the mechanisms of the reaction
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and tne source of the methyl moiety. They have proposed the major
guazattne-photodegradatlon product (Pm) which was tentatively Identi-

fied as 4 (or 6)-methyl-5-0x0-9-a2aheptadecane-1,17-dlguanldine (16 or

16a):
HN\v it INH
'‘C-NH-CH2(>I12CH2CH-C-CH2CH2(JI2NH ((312)e-
(16) or
m n NH
\ - NHCH2QH2COH("2 - C- CHOR G2 NH(OI12 >e-
«2N CH,

Pm would be significantly formed under naturally occurring environmental
conditions, especially on plant surfaces™o.

Sato ft aK also verified that the major effect in the dissipation of
guazatine from plants was due to mechanical dislodgoment by rain be-
cause of Its low permeability into plant tissues as well as Its highly

water soluble nature”l.

U -MUCILTNIiMKCn

Some of the diseases partially or totally controlled by guazatine have

been described,i?>32,3334,35 and are as follows; Anamar/a cttri,

Aftamar/ahiftanm. Attarrmia kikuchlana, Botrytts ctnaraa, Catonactrta
nivalis. Caratocystis paraBoxa, CladosporHm hartanm, CochHedoMa
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myiéémus, Cochilodolus ativus. CoHetotrfcfim cofftmm, Diploarpen
nsM. Gysipftt cichonctmvm, Erysipt» grminis, Fusar/um cuPnorm,
Fusarlum grmnintum. Fusartum nivalf, Fusar/lum  oxysponm,
Helminthosporlum atmat, Htiminthosporium gramUmm, Ltptospha$rfa
noiionan. Monilla man, Ptn/c/nfum dfgnptm, Pto/cfHium ftancum.
Pfiytophthaa inftstans, Ptriculari» cfyzM. Podospfmra Itucotricha,
Pucc/nfa rtcofxnta Pynnophora averm, Pyrtnopfiora graminta,
Pyrwcpfion ttfps, Pythfum aptrnidennatm, RMaoctonta solant,
Phynchosporium stcans, ScltroVnla bonaUs, Stptoria nodonan, Stptoria
triad, Sphatrothtca pannosa, TUMia cadas, Typhuta ishikadansts,
urmycasfabaa. Ustilagoam m. Ustilago horéal. Ustilago toais. Ustilago

nuda. Valsacaratosparms, Vantirla thaaqualls

s.4-iIKNnFiammi LTIt

Th* lack of suitable analytical methods has delayed attempts to Iden>
tify guanidine compounds and their derivatives In various substrates.

Research on the guanidinlum compounds and their methods of analysis
has been stimulated by the discovery tiMt they are involved in many
metabolic processes, such as energy transfer, muscle metabolism, «id
kidney function”®.

Recently, several methods have been reported for the analysis of vari-
ous guanidino compounds In  biological fluids”. Including
ion-exchange3®i 58-42, paper45-46, md thin-layer chromatography™®, cou-
pled with colorimetric determinations by either the Sakaguchl or Voges-
Proskauer reactions and gas-liquid chromatography”™ after the for-

mation of volatile derivatives.
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Tht gr«at«r part of Uw work that has bttn dona with guantdtno com-
pounds is in the medical area Little Is known atMut guanidino
compound analysis In the agricultural area

A recommended method for the analysis of guazatine at resKkje
level IS desalbed by Kobayashi H a/M.5S. Their method is based on the
reaction of guazatine with hexafluoroacetylacetone (HFAA) and determi-
nation by Flame Thermionic Detector (FTD) Gas Chromatography. They
analysed rice grain by this method and found that the lower limit of de-
tection was | ng. corresponding to 0.05 ppm In 5 g of sample and the over-
all average recovery from the rice grain was a 90X.

Lynch presented a method for the determination of guazatine resKkws
In crops and soil. His method was based on the analysis of the parent tii-
amlne by 6as-LIquld Chromatography after hydrolysis of the guazatine in
an autoclaveSG.

Several methods have also been reported for the analysis of various
guanidino compounds In biological fluids. Including liquid chromatography
with phenanthraquinone as a post-column fluorescent dertvatlzatlon
reagentS7-60, benzoin as a pre-column deiivatlzatlon reagent®i and
ninhydrin as a post-column fluorescent dertvatlzatlon reagsntu»”.

Mon  a/developed a high performance liquid chromatographic (HPLC)
method for the fluorlmetric determination of guazatine residues In vari-
ous crops. Their method was based on guazattne reaction with ninhydrin as
a post-column dertvatlzatlon reagent and fluorescent measurement The
lower limit of detection was 10 ng, corresponding to 0.02 ppm In 25 g of
crop. The mean recoveries of guazatine from the crops at 0.2-10 ppm level
ranged between 79.2 and 99.3X".

The screening for pesticide residues In foods should unquestionably be

carried out In the first Instance using relatively inexpensive chromato-
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graphic tactmiquas. Howavar. tha dIfflcultlas of quantification of individ-
ual mambars of complax pasticlda mixturas prasant at low lavala In oftan
intractabla foqd matrlcas should not ba undarstimatad, and if positiva
rasldua data ara to ba put to maaningful usa than rigorous confirmation of
rasults Is assantlal”™.

As statad bafora (Saa p. 23). guazatina is a mixtura of numsrous com-
ponents which are difficult to separata. If wa wish to Identify Its compo-
nents at residue laval new techniques must ba used In order to gat satis-
factory results.

One technique that has recently bean increasing in Importance for tha
analysis of polar compounds without conversion to vplatlla derivatives,
necessary for electron Impact mass spectrometry, Is Fast Atom
Bombardment (FAB)”~”, which allows tha direct analysis of such com-
pounds and offers tha prospect of quantitative analysis without sample
pretraatmantTO. certain guanidino compounds have already bean analysed
by Fast Atom Bombardment Mass Spactromatry7i-74.

Nuclear Magnetic Resonance (NMR) spectroscopy has also been em-
ployed in studies with pesticides although it Is not as suitable for Iden-
tification at low levels of concentration as is mass spectrometry”.

Inour work with guazatine and Its numerous components some of these
techniques.have been employed In order to elucidate the components pre-

sent In the mixture and to develop a suitable method for their analysis.
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[11- EXPERIMENTAL

lellaMICH L1II»IINI

Technical triamlne was received from KenoGard AB. Stockholm, and
was analytically evaluated and distilled In order to obtain pure diamine

and triamlIne, which were used In preparation of guanidine compounds.

1= lifl

A Pye Unlearn GCO chromatogr~h equipped with a flame lonization de-
tector (FID) and fitted with a 1ISO cm x 4 mm (10) glass column packed
with 5X Aplezon L/6S sodium salt of dimethylamlnosucclnamlc acid/IS
sodium hydroxide on 40-60 mesh Chromosorb W AW was used to analyse
technical triamlne, diamine and trlamine fractions. The temperature of
Injector, detector and column were 26070, SOOMC and 14070 (for
diamIne)/2300c (for triamline), respectively. Nitrogen was used as a
carrier gas with an Inlet pressure of 14ps.l..

A Varian 5000 Liquid Chromatograph equipped with an ultraviolet de-
tector at 254 nm and fitted with a partlsll 10 pm PAC (Pye unlearn) col-
umn was also used to analyse technical trlamlne, diamine and tiiamlIne
fractions. The procedure involved the use of dansyl chloride as pre-column

derivatizatlon agent”. A mixture of hexane and ethanol (9;l) was used as
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mobile phase at a flow rate of 1.0mli/mla.
Results from GLC and HPLC showed that the contents of diamine and
triamlne In technical triamine were in accord with the expected

composition, l.e. 30 15X and 40 * 5S, respectively.

U - HttMattM sf tadMlcal trtmIM:

The distillation of technical triamIne was done under reduced pressure.
Into a 500 ml round bottom flask about 300 grams of technical trlamline
was added. Another 250 ml round flask was connected to the first through
an air-cooled distillation system In order to collect the distilled frac-
tloi». A Liebig condenser and vacuum pump were connected to the collector
flask, which was placed In an Ice/water-bath to cool the fractions. When
the first fraction (diamine), bj). 60-800C at 0.1 mm Hg was collected, the
flask was changed to collect the second fraction (triamlne), b4> 150-
1700C at 0.1 mm Hg The residual fraction (polyamine) was left in the
first flask.

Results from gas-llquid chromatography showed that the distilled di-
amine and triamIne fractions were quite pure.

Both fractions were evaluated: diamine, top. 43-4DC (e/f commercial
diamine, mp. 44-450C, lIt"T 52«C), >3c ftn t, 28.9, 31.4, 3<5,
43.5; FAB/MS: M/Z (*), 145 (fUMOO.0), 128 (16.3), 93 (342), 69 (43.2),
58 (15.8), 43 (30.5), 41 (347), 30 (35.8). TriamIne, Nip. 48-90C (Found C,
70.9; H, 13.0; N, 14 S Calt for C16457N3: C, 70.9; H, 13.7; N, 1&5%), »3C

(CO300): «. 27.8, 28.2, 30.4 33.8. 4Z4. 50.6; FAB/MS: m/Z (*). 272
(W . 100.0), 255 (7.8), 241 (44), 227 (3.2), 213 (3.5), 199 (24), 171
(148), 157 (20.7), 143 (24), 126 (13.8), 112 (7.5), 98 (8.4). 84 (11.7), 70
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(12.5).56(I<4).
Diamine and triamIne sulphates were prepared by adding an equivalent
or dilute sulphuric acid to the respective pure amines, followed by rotary

evaporation at SO"C and recrystalllzatlon with water to obtain the salts

2- PKPMMnIN mm mm mij-iitM NiiiM -tcnM i
2.1-1 itfl, n

1,8-OlamIno-octane (SO g, 347 mmol; 69.4 meqv) In water (6.8 ml)
was neutralized to caTSS using glacial acetic acid (3.1 ml, 51.7 mmol)
and the mixture was heated to TSOC A SOX aqueous solution of cyanamide
(292 g, 69.4 mmol; 69.4 meqv; In 29 ml water) was added dropwIse during
3 hours. After an additional reaction time ofl hour, acetic acid (cat21 ml)
was added to give a solution of the guanidated amine acetate.

The aqueous solution was evaporated by rotary evaporator and oil vac-
uum pump at lIOONC the resultant product was recrystallized from a
mixture of methanol and acetone (2 1) (ea 60 ml), filtered off and dried in
a vacuum oven at 650C to yield 1.8-dtguanidino-octane diacetau (245 g.
20.3X) as a fine white crystalline solid, nip. 190-2®C (lIlt*"® 202-2050C).
(Fo«Xt C,48.1; H, 9.2; N, 23.9. Calc for CieHsoNeOe: C, 48.3; H, 9.2; N,
241X); 13c NMR (D20/H2S04): «. 23.5, 28.6, 30.6, 30.9, 445, 159.3
(>«2C(NH2¥)NH1, 1828(CH3C02); FAB/MS: m/2 (X), 229 (MHMO0O.0), 212
(9.0), 187 (141), 172 (7.2), 170 (18.8), 156 (1SI), 142 (9.5), 128 (S8),
114(7.3), too(8.2), 86(126), 73(18.6), 59(127).
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M-hepmllee ef 1, iCts-1)

This mtthod followed tne samo proceduro as that desertbod by Brown

1.8-OlamIno-octane (123 g. 85.5 mmol) and 5methyllsothlouronlum
sulphate (23.8 g, 85.5 mmol) were dissolved In water (50 ml) and heated
under reflux for 90 minutes, during which time the methanethlol evolved
was collected In potassium permanganate traps. The mixture was then
cooled In an Ice-bath and washed with 50IC aqueous ethanol (ol 30 ml).

The crude product was recrystallized from 50X aqueous ethanol (ca
100 ml) aod was dried In a vacuum oven at 600C to yield 1,8-dlguanldino-
octane sulphate (17.3 g. 622)1) as a fine white crystalline solid, tap. 291-
30c, (Found; C, 36.0; H, 7.9; N, 25.S Calc for CioHzsNsOeS: C. 36.8; H, 8.0;
N, 25.8)1); Single peak on HPLC equipped with a differential refractometer
detector and a LKB TSK, CM-2SW column; >3c NMR (020): 6. 28.5, 30.7,
30.9, 441, 159.9 (NH2E.(M)29NH]; FAB/HS: m/2(X). 327 (51.5), 229
(MHMOO.0), 212(10.3), 187(11.9), 172 (a5), 170(20.7), 156(17.4), 142
(9.2), 128 (8.9), 114 (7.5), 100 (7.2), 86 (9.8). 73 (13.9), 59 (9.3).

2S-1 Kw -a

1,8-Olguanldino-octane sulphate (3.3 g, 10 mmol) and sodium
carbonate decahydrate (5.7 g, 20 mmol) were dissolved in water (40 ml)
and gently heated (55-600C) under reflux for 30 minutes. The mixture was
then cooled In an Ice-bath and the colourless solid formed was filtered
off. washed with water and dried in a vacuum oven at 600c The product

was recrystalllzed from water to give the product In the form of
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colourless needles (0.63 g, 21.5*%) n). 165-700C (llt7#m.p. 172-750C).

24- CMMMreIN tf n>C ta 1. IMcttato CM-tl

1.8-Otguanldino-octane carbonate (3.3 g, 12 mmol) and S* acetic acid
(28 ml) were mixed and heated for 15 minutes. The mixture was then
cooled and evaporated to dryness in the rotary evaporator at atfCfiC and
washed with the minimum amount of water (5 ml) and finally with
anhydrous diethyl ether (5 ml).

The pure product was dried In a vacuum oven at 600C to yield 1,8-
dlguanldino-octane dlacetate (3.6 g. 8S7X) as a fine white crystalline

solid, m.p. 190-60C

9 pKPMMmMINWiw mcnn nuMmio

S.1- lafl

1,8-OtamlIno-octane (57.6 g, 0.4 mol), ethyl acetate (19.6 ml, 0.2 mol),
and ethyl alcohol (20 ml) were heated under reflux for 16 hours at 105-
| I00C Solvent (18 ml) was removed on the steam bath and the remainder
was fractionated under reduced pressure with a nitrogen bleed (I mm
prtssuTej.

The fraction b.p. 160-1760C/1 mm Hg was collected and refractionated.
The monoacetyl diamine boiled at 160-1659C/1 mm Hg (10.9 g, 147X) and
collected as a white sticky and hygroscopic compound, mp. 93-990C

(Fowd C, 620; H, 120; N,I13.S Calc for CioH22N2ft C, 645; H, 11.9; N,
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15.0%), Single peak on 6LC; "~C (020): S. 246. 31.2, 324. 33.7. 423.
43.3. 176.5 (CH3DONH); EI/MS: m/2 (*). 187.18048 (MH*. 35.3). CalC for
CIH23N20. 187.18104. 186.17162 (M. 23). 170.15480 (3.2), 157.14731
(19.9) . 14212308 (a7). 128.10655 (24). 11409158 (21.6). 100.07623
(16.9) .86.06093 (38.2). 73.05313 (100.0). 550576 (244).

SJ* hnparatiN 1* «

Mono-4facetyl-l.8-<11lamlno-octane (1.31 g. 7.04 mmol) and
5methylkothlburonlum sulphate (0.98 g. 3.52 mmol) were dissolved In
water (29 ml) and heated under reflux for 90 minutes, during which time
the methanethlol evolved was collected In potassium pennanganate traps.
The mixture was then cooled In an Ice bath and the total solution showed
the presence of the amldinated compound by *3c rnt analysis (020): S,

247.2a5.31.0,33.1.423.441.159.7 [NH2E(;NH2*)m i, 176.6 ((H3CONH).

SJ-PraparatIN tf I*

Mono-Macetyl-1.8-dlam1no-octane (20 g, 10.7 mmol) in water (21 ml)
was neutralized to at 75X using glacial acetic acid (0.96 ml, 16 mmol)
and the mixture was heated to 750C A 50X aqueous solution of cyanamide
(0 448 g. 10.7 mmol; 10.7 meqv; In 0.47 ml water) was added dropwlse
during 3 hours. After an additional reaction time of | hour, acetic acid (ea
0.64 ml) was added to give a solution which showed the presence of the
amidinated compound by nmr analysis (CO300); 8. 226. 27.7.
2a4.29.9.30.1.40.4 423, 158.7 INH2E(:NH2*)NHJ. 173J ((3<3fiONH), 179.3
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(CH3C.02°).

S4- ntMptoi of I-

Intetottf )

I-Ac#t*nldo-8-guanidlno-octane acetate from the previous prepara-
tion (3.3) was heated with 6511 sulphuric acid (10 ml) under reflux for two
hours at 1000c The resultant product was evaporated under

reduced pressure to give a more concentrated solution; )3c nmr

(D20/H2S04): i. 27.8. 28.1, 29.1, 29.5, 30.3, 42.6, 444, 159.1

(NH2E(:NH2%)NH], 1643 (NH2CPft1), 177.9(CH3CP2H).

mmmm msMMiinaniiMiNi Ksm a mmsMamNi

The relative proportion of each reagent described in the procedures
below is Indicated in brackets, where the first figure represents the
molecular proportion of the amino compound and the second figure the

molecular proportion of the guanidating reagent

41-1 1(1:9
Technical trlamlne (15.0 g. 55 mmol, calculated as pure tiiamine) in

water (10 ml) was neutralized to ca 75X using glacial acetic acid (€*7.0

ml) and the mixture was heated to 750c A 50X aqueous solution of

cyanamide (7.0 g. 167 mmol; 167 meqv; In 7.0 ml water) was added drop



wise during 3 nours. After an additional reaction time of | hour, acetic
acid (ca 1.9 ml) was added to give a solution of the guanidated triamlne
acetates (6TA) as the reaction product, i~c ~rR (D20): 8. 26.9,28.3,29.2,
29.4, 30.4, 30.6, 30.7, 42.2, 43.7. 50.0, 51.3, 1226 [NFHON-DNHON). 1Sa4
INFPECNHINL 159.5 (NFRONFRINHL - 165.8  INHO(NH2MCNL.  183.6
(CH3C.2-).

Table | (See p. 32) presents some possible compounds obtained through

this reactloa

4)-1ltp«atrtM IM

Pure triamIne was used as starting material Instead of technical tri-
amlne and was amidinated to produce guanidated trlamlne compounds and

guazatine, as follows.

42.1- 1(2:1)

Bls-(8-amIno-octyl)amlIne (0.5 g, 1.85 mmol; 5.5 meqv) In water (0.375
ml) was neutralized to Ca 75X using glacial acetic acid (0.25 ml; 42
mmol) and the mixture was heated to 759C A 50X aqueous solution of
cyanamide (0.039 g, 0.93 mmol; 0.93 meqv; In 0.04 ml water) was added
dropwlse during 3 hours. After an additional reaction time of | hour,
acetic acid (ca 0.025 ml) was added to give a solution of the guanidated
triamlIne acetates as the reaction product; <3c (Dz0): 1. 26.3, 28.3,
29.7, 30.7, 31.1, 31.3, 31.6, 423, 43.9. 50.2, 51.6, 158.6
(NHE(M(2MN), 159.8 Dil2E (W W H i 183.7 (CHsCOz'X
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<12-1 1(1:0

Bls-(8-»nlno-octyl)amine (20 g. 7.4 mmol; 22 meqv) in water (1.5 ml)
was neutralized to caTSX using glacial acetic acid (1.0 ml; 16.7 mmol)
and the mixture was heated to 75" A 50* aqueous solution of cyanamlde
(0.313 g, 7.4 mmol; 7.4 meqv; In 0.35 ml water) was added dropwlse during
3 hours. After an additional reaction time of | hour, acetic acid (cm 0.10
ml) was added to give a solution of the guanldated trlamlne acetates as
the reaction product; «3C irR (D20):i. 26.1,28.3,28.7, 29.3, 29.9, 30.7,
31.0, 425, 43.9. 50.3, 51.5, 158.5 [NH2C (1« 29)NI. 159.7 1« 2C(:NH2*)» «|
1840 (CH3C02").

422-1 1(12)

81ls-(8-amlIno-octyl)amine (20 g, 7.4 mmol; 22 meqv) in water (1.5 ml)
was neutralized to cm 75* using glacial acetic acid (1.0 ml; 16.7 mmol)
and the mixture was heated to 750C A 50* aqueous solution of cyanamlde
(0.626 g, 148 mmol; 148 meqv; In 0.70 ml water) was added dropwise
during 3 hours. After an additional reaction time of | hour, acetic acid
(cat 0.10 ml) was added to give a solution of the guantdated trlamina
acetates as the reaction product; i*C NMR (020): *. 26.1,28.< 29.3,30.0,
30.6, 30.9, 31.0, 425, 440. 50.3, 51.5, 158.6 INH2C,(:f#I12*)N], 159.7
tf#I2C(:NH2*)NHI. 1840 ((HsCPz*“)-



<2.4-1 10*J1

Bls-(8-«ntno-octyl)«ntne (20 g, 7.4 mmol; 22 meqv) in water (1.5 ml)
was neutralized to ciTSX using glacial acetic acid (1.0 ml; 16.7 mmol)
and the mixture was heated to TSOC A SOX aqueous solution of cyanamide
(0.94 9. 224 mmol; 224 meqv; In 1.0 ml water) was added dropwlIse during
3 hours. After an additional reaction time of | hour, acetic acid (Ct 0.25
ml) was added to give a solution of the guanidated triamlne acetates as
the reaction product; 13C NMR (D20): S. 26.0,28.3,29.3, 30.5, 30.9, 421,
43.7, 50.0, 51.3, 158.4 (NH2C(:NH29NI. 159.5 INH2t(:NH2*)WI. 183.4
((ilI3C02-).

475 -1 K1)

8ls-(8-amIno-octyl)amline (20 g, 7.4 mmol; 22 meqv) In water (1.5 ml)
was neutralized to caTSX using glacial acetic acid (1.0 ml; 16.7 mmol)
and the mixture was heated to 750C A SOX aqueous solution of cyanamide
(1.89 g, 448 mmol; 448 meqv; In 1.9 ml water) was added dropwlIse during
3 hours. After an additional reaction time of | hour, acetic acid (ca 0.25
ml) was added to give a solution of the guanidated triamlne acetates as
the reaction product; 13¢ hH (D20): 8. 26.0,28.4,29.3, 30.5, 30.9, 420,
43.7, 51.3, 1224 |INHCO4I2MCN], 158.3 [NH2E(:M(2*]N], 159.4
[NH2C(;NH2#)NH], 165.6 [NHC(NH2)NHCN], 183.2 ((»3(X)2’); FABAS (after
rotary evaporation to remove water): m/z X) 398
aNH2C(:NH22)NH ((» 2)8NC(:MI)f*<2(CH2)sNHC(MI)NH2L 45) or
aM(2C(:m)NH(CH2)8NC(MI2«)NH2(CH2)8NHC(IMINH2], 45), 381 (4), 356
aNH2C(:NH2Y)NH((»2)8NH((»2)8M)C(M1)NH2]. 79) or
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UNH2C(:NH2*)NH(CH2)8NC(:M4INH2(CH2)eMI2]. 79) or
aNH2C(;NH)NH(CH2)BNC(W)NH2(CH2)8NH2], 79). 341 (12). 339 (21). 327
06). 325 03). 324 (8). 322 (7). 314 aNH2C(J#42*)»«((3(2)8»«CH2)8NH2).
37) or (INH2(CH2)BNC(:NH2*)»«2(CH2)8)« 2), 37). 311 (17). 310 (28). 308
(9). 299 (14). 297 (30). 294 (6). 285 (20). 284 (23). 282 (12). 280 (6). 269
(17). 268 (13). 266 (8). 255 (13). 254 (10). 252 (8). 241 (10). 240 (7). 238
(8). 227 (8). 226 (10). 224(8). 213 06). 21203). 210 00). 199 (15). 198
(12). 19600). 185(34). 18202). 170(70). 168(24). 156(47). 15404).
142 (38). 140 (14). 128 (48). 126 (16). 114 (36). 112 (14). 100 (35). 86
(57). 73 (88). 55 (100).

42.8-1 I(f:12)

B1s-(8-am1no-octyl)«nine (0.5 g. 1.85 mmol; 55 m«qv) In water (0.375
ml) was neutralized to U 75X using glacial acetic acid (0.25 ml;
42 mmol) and the mixture was heated to 750C. A 50X aqueous solution of
cyanamtde (0.939 g. 2235 mmol; 2235 meqv; In 1.0 ml water) was added
dropwlse during 3 hours. After an additional reaction time of | hour,
acetic acid (ca 0.025 ml) was added to give a solution of the guanidated
trtamlIne acetates as the reaction product; i“c (D20); I, 26.1. 28.9.
29.7. 31.0. 31.3. 442. 51.8, 1157 (NH2CH). 123.0 (NHC(NH2)NH(34l, 1557
[NH2C(:1*(29N],  159.8  [NH2C(M(2«NH], 1651  [NHC(NH2m ;H1.
183.6 ((3(3C02~)-



402.7> >Metk | IM1

402.71> hU ftIW | tf
plwtt nNi>IMI:])

TMs method followed the same procedure as that described by Hudson

Bls-(8-amtno-octyl)amtne (20.4 g, 75.3 mmol), 5methy)tsothlourontum
sulphate (227 g, 81.7 mmol), and water (43 ml) were heated under reflux
for | hour whilst methanethlol which was evolved was collected In potas-
sium permanganate traps. Sulphuric acid (25 ml, 3 N) was then added to
the cooled mixture to give a first crop of the sesquisulphate which was
washed with SOX aqueous ethanol before drying. Concentration of the
mother liquor yielded a second crop. The two crops were combined (11.8 g,
15.6«), m.p. 232-80C (Found: C, 39.5; H, 8.9; N, 18.1. Calc for the pentahy-
drate ((GN6)2, 3H2504, 5H20], C36H96N1401753: C, 39.5; H, 9.0; N, 17.9X);
I3C if« (020):8, 28.3,28.5, 30.7,30.9, 440, 50.4, 159.8 ti« 2CINH2)NHI;
FABmS; m/Z (X), 454 (23), 398 (2), 368 (2), 356
aitl2C(;it42*]NH(CH2)8NH(CH2)8NK(MI)NH2],100.0), 339 (7), 314 (14),
299, (19), 297 (15), 283 (10), 269 (7), 255 (7), 241 (5), 227 (4), 213 (5),
199(13), 185(19), 170(31), 156(21), 142(13), 128 07), 114(14), 100
(15), 86(18).

42.7)- Ciapinlip tf Mt-S ta

i(Wl-a

The sesquisulphate of guazatine (5.9 g, 5.7 mmol) was dissolved In hot
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water (26 ml) and treated with a hot solution of sodium carhonate
decahydrate (8.9 g. 31.1 mmol) In water (26 ml) to yield a precipitate
which was washed with water and then dried In a desiccator to yield the
sesquicarbonate (45 g, 85.4X), m.p. 131-4®C (Found: C, 51.3; H, 10.8; N,
22.2. Calc for CssHseNieO» C. 522; H, 9.9; N, 21.9U); FAB/MS: m/2 (*) 454
(6.1). 398 (10.0), 380 (3.2), 368 (57.2), 356
aft12C (:M12* )MKCH2)8NH(CH2)6NHC(;NH)NH2]. 100.0), 339 (11.5). 314 (424),
299 (10.8), 297 (21.8), 283 (13.8), 269 (8.6), 255 (10.0), 241 (7.1). 227
(7.8). 213 (127), 199 (37.6), 170 (343), 156 (327), 142 (21.6), 128
(31.9). 114 (28.2), 100 (342). 86 (50.7).

<2.7)- caaMnlw af tm-C te
trtacatata (6NBHI)

The sesqulcaitonate of guazatine (0.70 g, 0.78 mmol) was dissolved In
aqueous acetic acid (14 ml, 47 mmol; 2X w/v) to give a 6X w/v solution
of bls-<8'guanldino-octyl)amlIne triacetate which was analysed by )3c
ITR (020):8.26.4,28.3,28.6,31.0,320,441,50.4 159.9 [f«2C(NH2")NHI,
1840(CH3Q(>2-).

This conversion was repeated twice more In order to obtain the pure
solid triacetate through two different procedures of evaporation to
dryness.

In the first procedure, the sesquicarbonate of guazatine (1.0 g. .11
mmol) was dissolved In aqueous acetic acid (20 ml, 67 mmol; 2X w/v) to
give a 6X w/v solution of bls-<8-guanldino-octyl)amlne triacetate which
was left standing for about 4 months, after which It was evaporated under

vacuum at IOO<H: to obtain the pure solid confound (0.97 g, 81.0X), lap.
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140-SOC (Found: C, 542; H. 10.2; N, 18.5. C«lc for C24H53N706: C, 53.8; H,
9.9; N. 18.3*%); “C iTR (D20> 8. 26.3, 28.4, 28.6, 30.7, 31.0, 442, 50.5,
159.9 [NH2E(NH24)NH], 1843 (C»3C02~); FAB/MS: m/Z (X), 454 (25), 398
(7.6), 368 (100.0), 356 aNH2C(:NH2«)NH((»2)8NH(CH2)SNHC(Jt1]tM2], 66.6),
339 (7.5), 314 (5.4), 299 (24), 297 (7.9), 283 (6.9), 269 (42), 255 (42),
241 (42), 227 (3.9), 213 (7.0), 199 (25.7), 170 (221), 156 (17.2),
142 (10.8), 128 (17.3), 114 (13.0), 100 (15.8), 86 (23.4).

In ttw second procedure, tne sesquicartMnate of guazatlne (0.30 g,
0.33 mmol) was dissolved In aqueous acetic acid (6 ml, 20 mmol; 2* w/v)
to give a 6* w/v solution of bls-(8-guanidino-octyl)amline triacetate
which was filtered off and then evaporated to dryness under vacuum (oil
pump) on a mechanical shaker but without heating. The product was further
dried In a vacuum desiccator to leave a viscous residue which was
recrystalllzed from methanol and sodium-dried diethyl ether to give the
pure solid compound (0.173 g, 48.3X), mp. 139-1410C (Found: C, 51.4;
H,9.5; N, 17.6. Calc for C24H53N706. 13 H20: C, 51.6; H, 10.0; N, 17.6«); '3C
ft« (020): 8,26.1,28.2,28.5,30.6,30.8,440, 50.3, 159.7 (r§12E(NH2*)NHL
1842 ((313C02~); FAB/MS: m/Z (X), 454 (3.8), 398 (S9), 368 (45.0), 356
aNH2C(:NH2MM X((» 2)8M«CH2)8)H : (:m )M 121, 100.0), 339 (7.2), 314 (a6).
299 (40), 297 (10.4), 283 (&4), 269 (46), 255 (&4), 241 (42), 227 (3.8).
213(6.9), 199(19.3), 185(18.1), 170(243), 156 08.5), 142 01.7), 128
(16.3), 114046), 100(18.0,86(27.6).

<2.74- f 8\B-S ta

The sesqulsulphate of guazatine (1.0 g. 0.96 mmol) was dissolved m
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water (8 ml) and treated with a solution of barium acetate (0.763 g. 3.0
mmol) In 2 ml water at room temperature for 24 hours. The mixture was
filtered off and washed with water (¢at8 ml). The filtrate was then evap-
orated to dryness under vacuum (oil pump) on a mechanical shaker but
without heating. The product was recrystalllzed from methanol and
sodium-dried diethyl ether to give a solid (0.354 g. 33.2S), mp. 137-9”
(Found: C. 48.7; H, 9.5; N, 18.2%); >3C ff« (D20): 8. 26.3, 28.4, 28.6, 30.7.
30.9, 441.50.4. 159.9 (NH2C.(>«2%)NHI. 1843 ((313C.02¢): FA8/MS: m/Z (*).
454 (27.5). 398 (7.1), 368 (33.9), 356
NNH2C(:NH2*)NH((312)8r«CH2)8NK(:A«)NH2), 100.0), 339 (10.1), 314
(13.1), 299 (6.6), 297 (17.7), 283 (11.2), 269 (8.9), 255 (8.1), 241 (7.3),
227 (6.6). 213 (1 I.1), 199 (27.5). 185 (25.7), 170 (40.4), 156 (26.2), 142
(19.5), 128 (26.6), 114 (22.5), 100 (29.5), 86 (41.7). The FAB/MS results
Indicate that conversion of sulphate to acetate was not complete: Calc for
acetate (76X) plus sulphate (24*) both hydrated as above: C, 48.7; H, 9.8;
N, 17.7*.

42.7)1 -
piMto (Mii-1) (1:2)

Bls-<8-amlIno-octy))amline (9.5 g, 35 mmol), 5methy)tsothlourontum
sulphate (19.5 g, 70 mmol), and water (20 ml) were heated under reflux tor
I hour w hilst methanethlol which was evolved was collected In potassium
permanganate traps. Sulphuric acid (11.6 ml, 3 N) was then
added to the cooled mixture to give a first crop of the sesquisulphate
which was washed with 50* aqueous ethanol before drying. Concentration

of the mother liquor yielded a second crop. The two crops were combined
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(18.0 g, 47.5«), m.p. 105-300C (Found C, 41.6; H, a6. Calc for tha
dihydrate C36H92N 140145 3: C. 41.5; H. 8.8%); »3c rrR (D20): 8. 15.7,28.5,
30.8, 440,50.2, 159.8 [NH2C(NH2*)NHI

42)>PraparatINtfi trtacatata
(fINSHUthTM

5MethyltsotMouronlum actUta was initially praparad Py raacting
5-mathyllsothlouronlum sulphata with barium acatata as follows:

“nathyllsothlouronlum sulphata (28.4 g, 10.2 mmol) In watar (155 ml)
and barium acatata (26.1 g, 10.2 mmol) In watar (125 ml) ware mixad and
stlrrad at room tamparatura for 24 hours. Tha barium sulphata producad
was flltarad off and was washad with watar (50 ml) and driad in a vacuum
oven at ca IOO”C until constant walght (243 g, 99.3X).

Tha flltrata was avaporatad to drynass under vacuum (oil pump) on a
machanical shaker but without heating to obtain tha solid compound (243
g, 81.5%*), m.p. 131-30C An quantity of this compound (ca 5 g) was
recrystalllzed from methanol to give tha pure compound (ea 264 g), md).
1320c (Fo«Kt C, 320; H, 6.5; N,ia7. Calc for CaHioN202S: C, 320; H. 6.7;
N, 18.7%); 13C (D20): 8,15.8 ICH3SC(:NH2*)NH2I. 26.2 (CH3C02-). 175.8
[CH3SE(:NH22)NH2], 1843 (CHsCPz"); FAB/MS: m/Z (*), 183 (MH** glycerol,
13.1), 181 (2M*H*,1200, 91 (MH*, 100.0), which was used In the prepa-
ration of GNG-A as follows:

Bis-(8-amIno-octyl)amline (1.0 g. 3.7 mmol), 5mathylisothlouronlum
acetate (I.l g, 7.4 mmol), and watar (2 ml) ware heated undr reflux fr |
hour at I0OCE, whilst mathanathlol which was evolved was collected in

potassium permanganate traps. Acetic acid (11 ml, 3.7 mmol; 2* w/v) was
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then added to the cooled mixture to give the triacetate compound In solu-
tion which was evaporated to dryness under vacuum (oil pump) on a Ime-
chanical shaker but without heating to give the solid compound (1.4 g.
71.1%) m.p.123-280C; »3c It« (DjO): 6. 26.1, 28.4, 28.5, 29.6, 30.9, 441,
50.4, 159.8 (NH2C.(N\H2A)NH1, 1841 (CH3CO2-); FAB/MS: M/Z (*), 454 (23),
398 (I1.1), 368 (68.2), 356 ([l«2C(:NH2*)NH (012)8t« (> 12)sNHC(:NH)NH2!I,
100.0), 339 (7.5), 314(18.2), 299 (46), 297 (10.4), 283 (6.5), 269 (5.2),
255 (5.7), 241 (45), 227 (5.3), 213 (8.2), 199 (241), 170 (25.9), 156
(20.6), 142 (13.4), 128 (19.4), 114 (16.5), 100 (19.7), 86 (28.8).

42.9- *tliffd 11

Bls-(8-guanldino-octyl)amIne sesquicartoonate (0.5 g, 0.56 mmol), pre-
pared previously (See procedure 427.2, p. 53), In water (0.2 ml) was
neutralized to G 75* using glacial acetic acid (0.25 ml, 42 mmol) and the
mixture was heated to 750C A 50* aqueous solution of cyanamide (0.05 g.
1.2 mmol; In 0.05 ml water) was added dropwIse during 3 hours. After an
additional reaction time of | hour, acetic Kid (cao.o4 ml) was added to
give a solution of the triguanidated triamlne acetates as the rextlon
product which was analysed by 13¢c (D20): i. 25.4, 28.6, 29.5, 30.8,
31.1, 31.3, 442, 50.5, 51.8, 158.8 (NH2E(NH2/NI, 159.9 [NH2t()« 24)NHI,
1829 (CH3CQ2). The product could not be crystallized.



S-PKPtMmiN IFII-MKintItNIIINIIH KUNTIKS

sl > of mcateto fe|

Dt-/~octylamtne (241 g, 10 mmol), tn water (20 ml) was neutralized
to Ca75X using glacial acetic acid (0.45 ml. 7.5 mmol) and the mixture
was heated to TS*"C A 50X aqueous solution of cyanamide (0.43 g, 10
mmol; th 0.5 ml water) was added dropwtse during 3 hours. After an addi-
tional reaction time of | hour, acetic acid (C*0.30 ml) was added to gWe
the .acetate which was analysed by (CO300); t, 143, 23.4, 27.0,
27.3,28.3,29.9. 327,48.9,521, 157.6, 178.9.

5JI - tttonpted priparatlaa af 1 salpiMte b§

Ol-/i-octylamlne (7.24 g. 30 mmol) and 5methyltsothtourontum sul-
phate (445 g, 16 mmol) were dissolved In water (125 ml) and heated un-
der reflux for 90 minutes at 100~C, during which time the methanethlol
evolved was collected In potassium permanganate traps. The mixture was
then cooled tn an Ice-bath to yield a precipitate which was washed with
50X aqueous ethanol to give dI-/?*tylamnMntum sulphate (3.09 g, 29.1»,
which was analysed by <3c nmr (COj00); S, 16.7, 25.3. 28.8, 31.6, 344,
52.1. No Signal at 158-159 ppm was present The product could not be

crystalllzel
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e-KEmacniNiuminiMmam iN

Acetylactton* derivativts war« obtatnad using tha matDod of Palaltls
and Curran79. Thair procadura was rapaatad with guanidtna hydrochlorida
(7.5 g, 7.9 mmol) baing dtssolvad In sodium hydroxida solution (30 ml. 5N),
and watar (50 ml), methanol (100 ml), and acatylacatona (50 ml, 50 mmol)
were added. Additional methanol was added to bring the volume of the re-
sulting solution to approximately 250 ml. The solution was refluxed on a
steam bath for ca 4 hours and. after being allowed to cool to room tem-
perature and being acidified with I N aqueous HCI solution, was extracted
three times with 100 ml portions of chloroform. The combined
extracts were evaporated to dryness and the residue, 2-amlno-4,6-
dimethylpyrimldine (32). was recrystalllzed from acetone and isolated as
fine white crystals (3.06 31.6», m.p. 14270 (Found: C, 58.4i H, 7.5; N,
341. Calc for C6HIN3: C, 58.5; H, 7.3; N. 342X); *3c rt« (COCIs" 1 23.7
(CHs). 110.5 (£H). 163.2 (EHH2), and 167.9 (CCH5); EI/MS: m/z (X). 123 (m,
100), 108 (6.4), 96 (29.8), 95 (141), 83 (8.8), 82(13.7), 81 (6.8),67 (11.6),
and 66 (8.1).

8.1 -1

An attempt was made to obtain a dodine/acetylacetone derivative and
two trials were carried out differing from each other only in the time of
reaction (4 hours and 20 hours). Both trials started with dodine (1.5 g. &2
mmol) with other reagents in the appropriate relative proportions
according to the method of Palaltls and Curran79.

After 4 hours of reaction was obtained the probable dertvattve (0.55 g.
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36.2«), m.p. S20C (Found C. 59.5; H. 11.3; N. 16.4 Calc for C18H33N3: C.
742; H. 11.3; N, 144«). And after 20 hours of reaction the other probable
derivative was also obtained (0.86 g. 56.6«), m.p. 500c (Found C.59.7; H,
I'1.1; N. 16.2. Calc for C16H33N3: C. 742; H. 11.3; N. 144«). The reason for
the low figure obtained for carbon Is unknown. Mass spectrometry, how-
ever, confirmed that the expected derivative was present In both product
m/z 291 (M*. 128 and 125«, respectively). 207 0 9), 192 (15.8), 178
(12.8), 150 (18.3), 149 (746), 137 (641). 136 000.0), 123 (59.9), 108
(9.6), 83 (13.0), 69 (13.5), and 56 (38.5).

6J-tJ

1,8-Olguanldino-octane sulphate 0.5 g, 46 mmol In a 250-m| round-
bottom flask equipped with a water-cooled condenser), prepared previ-
ously (See procedure 22. p. 45), was dissolved In 30 ml of |IN
aqueous sodium hydroxide solution, and 20 ml each of water and methanol,
and 7 ml of acetylacetone (70 mmol), were added Additional methanol was
added to bring the volume of the resulting solution to
approximately 100 ml. The solution was refluxed on a steam bath for oi 4
hours and after being acidified with IN aqueous HCI solution, was w -
tracted three times with 50 ml portions of chlorofonn. The combined ex-
tracts were evaporated to dryness and the residue was recrystallized from
acetone to give the product (0.22 g, 13.4«), m4> 105-1 I0~C (Found; C. 67.6;
H, 8.8; N, 23.1. CalC for C20HS2N6: C. 67.4; H. 9.0; N, 23.6«), >3C tHH
(CO500); 8.23.8, 26.9. 29.3, 29.7, 41.4 109.4 (00. 1622 [WO:N)N). 167.4
(CCH3). EI/MS: m/2 (<), 356 (M*,26.5), 234 (146), 233 (7.5), 221 (23.1),
220 (43.2), 207 (11.0). 206 (17.0), 192 (23.4), 178 (1&2), 165 (S6). 164
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(122), 151 (16.1), ISO (58.8), 137 (56.4), 136 (100.0), 124 (242), 123
(66.6), 108(13.1), 107(17.8), 67(18.5), and55 (13.6).

7 ~KHFUMMKIfIVUCCIINI (VM) mifSHZiniN

Hexafluoroacetylxetone derivatives were obtained using tbe m«thod of

Kobayasni

Bls-(8-guanldino-octyl)amine triacetate (300 mg, 0.56 mmol) In a sat-
urated sodium bicarbonate solution (5 ml) Is heated with hexafluo-
roacetylacetone (3 ml, 21.2 mmol) In 60 ml of toluene at I00"C for 3
hours, followed by the addition of 20 ml of 5S sodium bicarbonate to hy-
drolyze the excess hexafluoroacetylacetone.

The organic layer is separated, washed with water (20 ml), dried over
anhydrous sodium sulphate, and the solvent Is evaporated under reduced
pressure. The residue Is recrystalllzed from n-hexane to afford the pure

substituted pyrimidine derivative.

71-1, liarIMrtIM (88-S/W Ii)

1,8-Olguanidino-octane sulphate (300 mg, 0.92 mmol), prepared previ
ously (See procedure 22, p. 45), In a saturated sodium bicarbonate solution
(5 ml) was heated with hexafluoroacetylacetone (28 ml, 19.8

mmol) In 60 ml of toluene at 1000C for 3 hours, followed by the addition
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of 20 mt of SS sodium blcarbonatt to hydrolyze the excess hexefluo-
roacetylecetone.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate, and the solvent was evaporated under re-
duced pressure. The residue was recrystalllzed from n-hexane to afford
the pure Utr-blsfre-bWtrinuonmthytJpyrimiain-Z-ylhl.S-itimIno-
octmekAA) substituted pyrimidine derivative (195.6 mg, 37.2X), ). 89-
900C (Found C, 4Z2; H, 3.9; N, 15.8. Calc for C20H20F 12N6: C, 42.0; H, 3.5;
N, 147%). EI/MS: m/Z (*), 57215497 (M, 7.6). CalC for C20H20F 12N6:
572,15688, 55214893 (28.3), IM-HF)*, 53214088 (35.6), IM-2)r)*,
503.32562 (11.6), 340.12357 (8.8), 336.21640 (9.0), 270.04660 (7.0),
258.04611 (8.0), 245.03506 (15.2), 24403053 (100.0), ITI-3281~,
22402286 (5.5), 68.99132 (629).

7J3-1, lac«tate/VM |

1,8-Olguanidino-octane acetate (500 mg, 1.44 mmol), prepared previ-
ously (See procedure 2 1, p. 44), In a saturated sodium blcartxmate solution
(5 ml) was heated with hexafluoroacetylacetone (5.1 ml, 36.0 mmol) In
100 ml of toluene at I0O”C for 3 hours, followed by the addition
of 30 ml of 5* sodium bicarbonate to hydrolyze the excess hexafluo-
roacetylacetone.

The organic layer was separated, washed with water (30 ml), dried
over anhydrous sodium sulphate, and the solvent was evaporated under re
duced pressure. The residue was recrystalllzed from n-hexane to afford
the pure substituted pyrimidine derivative (45) (275.5 mg, 31.3X), nfip- 84-
850C; I3C I» « (C0500): k 27.9, 30.0, 30.3, 424, 100.5 (CFs). 1007 (CH),
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159.4 [NHCCN)NL, 1644 (CICF3); EI/MS; m/2 (*). 572 01,2.0), 552 ( 10.3), ttt-
532 (15.6), IM-2HF1*, 340 (41), 270 (43), 258 (7.3), 244 000.0), IM-
32817, 224 (7.8), 69 (11.4).

7J-1

Bls-(8-guanldtno-octyl)amine triacetate (500 mg, 0.93 mmol) prepared
previously (See procedure 427.3: first procedure, p. 54), in a saturated
sodium bicarbonate solution (5 ml) was heated with hexafluoroacetylace-
tone (3.3 ml, 23.3 mmol) In 100 ml of toluene at I000C for 3 hours, fol-
lowed by the addition of 30 ml .of 5X sodium bicarbonate to hydrolyze the
excess hexafluoroacetylacetone.

The organic layer was separated, washed with water (30 ml), dried
over anhydrous sodium sulphate, and the solvent was evaporated under re-
duced pressure. The residue was recrystallized from n-hexane to afford
the pure
heptadecme (46) substituted pyrimidine derivative (616.6 mg, 944>,
m.p. 98-990C (IItW Mjp. 105-60C); >3C H « ((3)500): I. 27.3, 27.6, 27.8,
28.6,30.0,31.1,424,50.2, 100.7 (CFs). 12a5 (CH). 159.4INHC(i«N" 1644
(CCFs); EI/MS: m/Z (), 699.29129 (22), IMA. (il. for C28H37fjN7:
699.292981 659.27925 (3.5), (M-2HF]®, 455.26233 (22), IM-24A%,
37217065 (19.1), tH-3271»,371.16815 (100.0), [M-3281*, 24402769
(21.2), tH-4551*.
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7.4-1

Bls-(8-guantdino-octyl)amine se8qulcartx>nate, prepared previously
(See procedure 427.2, p. 53). in a saturated sodium bicarbonate solution
(5 ml) was heated with hexafluoroacetylacetone (3.0 ml, 21.2 mmol) In 60
ml or toluene at 100"C for 3 hours, followed by the addition of 20 ml of
5X sodium bicarbonate to hydrolyze the excess hexafluoroacetylacetone.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate, and the solvent was evaporated under
reduced pressure. The residue was recrystallized from n-hexane to afford
the pure substituted pyrimidine derivative (47) (609 mg, 6SI1X), (Found C,
40.3; H, 5.5; N, 142 CalC for C2$H37f i2Nr C, 48.1; H, 5.3; N, 140*); 13c
ITR (CO300): 8. 27.8, 28.0, 28.9, 30.0, 30.2, 30.3, 42.4, 50.2, 100.7 (CF3).
128.5 (CH), 159.4 INHC.(N)NL, 1645 (£("3); EI/MS: m/z (*), 698 (45), [M-
HJ*, 659 (3.9), IM-2HF*, 371 (100.0), (M-3281*, 244(49.5), ffl-455)*.

7.5-

Several derivatives were made using the products obtained from pure
triamIne amldinated with cyanamide In various molar ratios as previously

described In procedures 4 2 1 to 426 (See pp. 49 to 52).

The resultant product from procedure 421 (300 mg) in a saturated
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sodium bicarbonate solution (5 ml) was heated with HFAA (3.0 ml. 21.2
mmol) in 60 ml of toluene at I00~C for 3 hours, followed by the addition
of 20 ml of sodium bicarbonate to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate and Injected Into the GI.C (See Figure 46,

p. 167).

The resultant product from procedure 422 (300 mg) in a saturated
sodium bicarbonate solution (5 ml) w » heated with HFAA (3.0 ml, 21.2
mmol) In 60 ml of toluene at I00~C for 3 hours, followed by the addition
of 20 ml of 5X sodium bicarbonate to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate and Injected Into the GLC (See Figure 47,
p. 168).

An aliquot of this solution was taken, evaporated to dryness and diluted
with dichloromethane to give a 10X solution and analysed by GC-HS In the

(Tiemical lonization mode (See Figure 52, p. 174).

7.0 -1 eU|:2)/((Mi

The resultant product from procedure 423 (300 mg) In a saturated
sodium bicarbonate solution (5 ml) was heated with HFAA (3.0 ml, 21.2
mmol) In 60 ml of toluene at 1000C for 3 hours, followed by the addition

of 20 ml of 5X sodium bicarbonate to hydrolyze the excess HFAA.
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The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate and Injected Into the GLC (See Figure 48.

p. 169).

The resultant product from procedure 42.4 (300 mg) in a saturated
sodium bicarbonate solution (5 ml) was heated with HFAA (3.0 ml. 21.2
mmol) In 60 ml of toluene at 100~C for 3 hours, followed by the addition
of 20 ml of 5S sodium bicarbonate to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate and Injected Into the GLC (See Figure 49.

p. 170).

praiMt (1:6)/W11 <art—tlw

The resultant product from procedure 425 (300 mg) In a saturated
sodium bicarbonate solution (5 ml) was heated with HFAA (3.0 ml. 21.2
mmol) In 60 ml of toluene at tOO™C for 3 hours, followed by the addition
of 20 ml of 5X sodium bicarbonate to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate and Injected into the GLC (See Figure SO.

p. 171).
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733-1 ctft:12)/«li(

The resultant product from procedure 426 (300 mg) in a saturated
sodium bicarbonate solution (5 ml) was heated with HFAA (3.0 ml, 21.2
mmol) In 60 ml of toluene at 100(iC for 3 hours, followed by the addition
of 20 ml of 5X sodium bicarbonate to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate and Injected into the GLC (See Figure S|,
p. 172).

A second preparation of this derivative was made with 500 mg of the
same product from procedure 426, In order to Isolate and obtain the pure
substituted pyrimidine derivative (257.8 mg, 326X) m.p. 48-500C; EI/MS;
m/z (*), 585 (423), IM-3281~, 371 (45), IM-5421*, 258 (100.0), IM-6551~.
244 (57.3), IM-669)*.

71- 11- ltrtacatata/WIt

The resultant product from procedure 429, (See p. 58), (400 mg) In a
saturated sodium bicarbonate solution (5 ml) was heated with HFAA (20
ml, 14 mmol) In 60 ml of toluene at 100”C for 3 hours, followed by the »
ditlon of 20 ml of SX sodium bicarbonate to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate and Injected Into the GLC (See Figure 53,
p. 176). An aliquot of this solution was also analysed by In the

Chemical lonization and Electron Impact modes (See Figure 54, p 177).
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7.7-1,

1.8-Olamtno-octane (300 mg, 208 mmol) In a saturated sodium
bicarDonate solution (5 ml) was heated with HFAA (6 ml, 424 mmol) In 60
ml of toluene at 100”C for 3 hours, followed by the addition of 20 ml of
SX sodium bicarbonate to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate and Injected into the GLC (See Figure 55,

p. 178).

70-M f<| @rtMUM OMN-m )

Bls-<8-amIno-octy))amlIne (300 mg, I.I | mmol) In a saturated sodium
bicarbonate solution (5 ml) was heated with HFAA (3.0 ml, 21.2 mmol) In
60 ml of toluene at 100~C tor 3 hours, followed by the addition of 20 ml of
5X sodium bicarbonate to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (20 ml), dried
over anhydrous sodium sulphate and Injected Into the GLC (See Figure 56,

p. 179).

7.9-1 i(87t/VItl

Commercial guazatine 70S (1.0 ml, 700 mg Ktive ingredient, 1.31
mmol based on GN6-A component) In a saturated sodium bicarbonate solu-
tion (10 ml) was heated with HFAA (3.7 ml, 26.15 mmol) In 120 ml of
toluene at 100”C for 3 hours, followed by the addition of 40 ml of 5S
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sodium blcartonat« to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (40 ml), dried
over anhydrous sodium sulphate and Injected Into the GLC (See Table 35,
p.155 and Figure 40, p. 156). An aliquot of this solution was also analysed
by GC-MS in the Electron Impact mode (See Table 36. p. 158).

A second preparation of this commercial guazatine 70)1 derivative
was made but with water being previously removed under reduced pressure
at 100”c The dried product (ZO g. 3.74 mmol based on GN6-A component)
In a saturated sodium bicarbonate solution (15 ml) was heated with HFAA
(8.0 ml, 56.5 mmol) In 100 ml of toluene at I00<IC for 3 hours, followed by
the addition of 40 ml of 5)1 sodium bicarbonate to hydrolyze the excess
HFAA.

The organic layer was separated, washed with water (40 ml), dried
over anhydrous sodium sulphate and Injected Into the GLC (See Table 35, p.
155 and Figure 41, p.157). Part of this solution was evaporated under re-
duced pressure at 1000C, and dissolved in dichioromethane to give a 201
solution of G70/HFAA derivative which was also analysed by GC-MS In the
Electron Impact mode (See Table 36. p. 158 and Figure 42. p. 159).

7.18 Ipf] n itlia/ W (M1/gm

Development guazatine 40)1 (1.0 ml, 400 mg active Ingredient, 0.75
mmol based on GNG-A component) In a saturated sodium bicarbonate solu-
tion (5 ml) was heated with HFAA (3 ml. 21.2 mmol) In 60 ml of toluene at
1000C for 3 hours, followed by the addition of 20 ml of 5)1 sodium bicar-
bonate to hydrolyze the excess HFAA

The organic layer was separated, washed with water (20 ml), dried
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over anhydrous sodium sulphate, and Injected Into the GLC (See Figure 45,

p. 165).

7.11 -(

Cyanoguanidine(ISOmg. 1.79 mmol) In a saturated sodium bicaiDonate
solution (25 ml) was heated with HFAA (6.3 ml, 9.26 mg; 4452 mmol) In
30 ml of toluene at 100"C for 3 hours, followed by the addition of 10 ml of
5S sodium bicarbonate to hydrolyse the excess HFAA.

The organic layer was separated, washed with water (10 ml), dried
over anhydrous sodium sulphate, and the solution was injected Into the

ac

7.12-1

4f-Oodecylguanldine acetate (dodine) (500 mg. 1.74 mmol). In a satu-
rated sodium bicarbonate solution (5 ml) was heated with HFAA (49 ml,
346 mmol) In 100 ml of toluene at I00”C for 3 hours, followed by the ad-
dition of 30 ml of SS sodium bicarbonate to hydrolyze the excess HFAA.

The organic layer was separated, washed with water (30 ml), dried
over anhydrous sodium sulphate and the solvent was evaporated under re-
duced pressure at I000C The residue was recrystallized from n-hexane to
afford the substituted pyrimidine derivative (365.1 mg. 525» , nip. 29-
300C (11tM tn.p 34-359C. (Found; C. 542; H. 68; N. 10.4 CHL tor
CI827FAN3: C 541; H. 68; N, 105X); EI/MS: m/z (t), 399.20935 (m.
375), 273.06979 (144), IMH(5I2)9h. 25a04686 (ft2), M-CH5(CH2)9l*.
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24403055 (100.0), [M-CH5(CH2)iol*. The compound geve one peak on GLC
(5*0V-1 at )95-2900CHSee Figure 57, p. 180).

ee MEMND EiiiicniN if MiNiinn mini keiiiem im in

The method of Kohayashi for the extraction of guazatine from
rice grain was adapted for the extrxtion of guanidated amine aceute
derivatives from wheat plants. Two samples of wheat plants, one control
and the other treated (ca 140 ppm of guanidated triamIne acetates) were

received from Kenogard AB, Stockholm.

The blended wheat plant (5 g) w » shaken with 0.5N NaOH/MeOH (150
ml) at 500C for | hour and filtered through filter paper on a Buchner
funnel under vacuum. The filtrate was made up with water to 250 ml,
extracted with chloroform (150 ml), and the extract was evaporated under
vacuum and dried under a stream of nitrogem. To this residue
hexafluoroacetylacetone (0.2 ml) In toluene (7 ml) w n added and heated at
1000C for 3 hours. The organic layer was then separated, washed with 55
sodium bicarbonate (I ml) and water (5 ml), blown to dryness with a
stream of nitrogen, and an aliquot of the solution of this material In MeOH
(2 ml) was then Injected Into the GLC

Using this procedure of extraction several different experiments were
attempted,;

- Extraction of control wheat plant (5 g)

- Extraction of treated wheat plant (5 g)
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- Extraction of G6-A (100 mg, 0.287 mmol) and GN6-A (50 mg, 0.094

mmol) compounds in the absence of wheat plant

A blended sample of control wheat plant (5 g) was thoroughly spiked
with commercial guazatine 708 (I ml) In water (10 ml). This mixture was
well homogenized and the general procedure of extraction described above
was carried out The derivatizatlon step was made with
hexafluoroacetylacetone In excess ( 3 ml) In toluene (10 ml). The organic
layer was then separated, washed with 58 sodium bicarbonate (5 ml) and
water (10 ml), blown to dryness with a stream of nitrogen, and an aliquot
of the solution of this material In methanol (3 ml) was then Injected into
theGLC

A clean-up of this final solution by column chromatography was
examined. Columns of | cm ld. were filled with thrae different
adsorbents: (a) alumina In the neutral form (aluminium oxide 90, active),
(b) alumina In the alkaline form (aluminium oxide *CAMA8‘ KF.C, ci 100
to 200 mesh), and (c) silica gel 60 (230 to 400 mesh). Columns were
eluted with two different solvents: methanol (more polar) and toluene
(less polar).

Initially the solution was added to the top of each column (I ml),
eluted with methanol, and fractions of 10 ml were collected. Each fraction
was Injected Into the GLC and the fraction that exhibited all the peaks In
the chromatogram (comparable to the results before the clean-up
procedure) was evaporated under a stream of nitrogen and transferred to

another colunm with the same adsorbent to be eluted with toluene.
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The method of Kobayashl et was adapted and the analysis of some
hexafluoroacetylacetone derivatives were carried out on a Vartan 3300
chromatograph equipped with a flame lonization detector (FID) and fitted
with a2 m X 4 mm (ID) glass column packed with SS OV-l on 100-120
mesh Chromosorp W (HP). The temperature of the detector and Injector
were both 3000C and the column temperature was programmed as follows:
1950c¢ (2 min). Increased at rate of 1.50C/mtn to 2I00c (4 min). Increased
at rate of 17.50C/mtn to 2800C (5 min), and Increased again at rate of
tOOC/mtn to 2900c¢ (9 min). Nitrogen was used as the carrier gas with an
Inlet pressure of 18 p.s.1. Values between brackets correspond to the time
such temperature was kept until It was changed agala

A glass column packed with 4R SE-30 on Chromosorb W-HP (2 m x 4
mm) and an OV-IOl (WCOT) 25 m x 0.2 mm capillary column were also
used. Different temperature programmes and carrier gas flow rates were

also tried.

19-1 *19 rfSHiIUHi PVHPftllle

All carbon-13 and proton NMR spectra were obtained on a Bruker WP 80,
which Is a high resolution pulse Fourier transform nuclear magnetic reso-
nance spectrometer.

Tetramethylsllane (TMS) or sodium trimethylsllylproplonate (TSP)
were used as the reference when samples were dissolved In deuterated or-

ganic and aqueous solvents, respectively.
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AM FAB/nS spectra were obtained at fKiltties of the Science &
Engineering Research Council (SERC) Mass Spectrometry Centre -
University College of Swansea, on a VG Analytical ZA8 E Spectrometer,
with exception for diamine and its sulphate which were obtained at
facilities of the School of Chemical Sciences - University of East Anglia,

on a VG Analytical ZAB-IF Spectrometer.



IV - RESULTS AND DISCUSSION

-1HTH IN TIN T2AHM IN |

Pure samples of 1.8-dtarnino-octane ('diamine*) and of bls-(8-amIno-
octyDamlne (‘trlamtne’) were obtained from the distillation of technical
triamlne, and were characterized mainly by carbon-13 NMR. Their sul-
phates were also characterized by carbon-13 fTR. The diamine. Its sul-
phate, and triamlne were also studied by fast atom bombardment mass
spectrometry.

In order to assign the chemical shifts the carbon atoms were numbered

as follows:

H2N-C-C-C-C-C-C-C-C-NH2 NN
432 1123 4

+ H3M-C-C-C-C-C-C-C-C-NH3* SO42- N*N*
43211234

HN-C-C-C-C-C-C-C-C-NH-C-C-C-C-C-C-C-C-f«2 NNN
53211246 64211235

(+ H3N-C-C-C-C-C-C-C-C-NH2*-C-C-C-C-C-C-C-C-NH3»I2 3 SOe”- N-»N*N*
5321124 6 64211235

Table 3 shows the results obtained for diamine, triamlne and their sul-

phates by carbon-13 NMR.
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5. Carton-13 NMR chemical shifts (f) for diamine, triamlne and

atiiiiMiirai
rnmnMnd aroam) Intensltv Assignment (C No.)
NN 289 18687 1
314 19051 2
345 16393 3
435 17830 4
N*NA 28.0 13259 1
295 11723 2
305 12835 3
431 8501 4
NNN 27.8 3397 1
28.2 3244 2
304 7670 3
338 3008 - 4
424 3171 5
50.6 3102 6
N*N*N* 28.6 34082 1
29.7 16059 2
311 27604 3
323 1601 4
431 13181 5
50.4 18559 6

Spectra for the diamine and its sulphate were run in D20 while spectra
for the triamlIne and its sulphate were run In CO300.

only small variations in the chemical shifts were observed when the
free bases (NN and NNN) were compared with their respective sulphates
(N*N*andN*N*N~).

The effects of protonation on the carbon-13 chemical shifts of amino
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compounds are complex end ma/ correspond either to shielding or
deshielding according to circumstances»*. For polymethylene diamines,
protonation has generally been reported to cause a slight upfleld shift for
theo-cart)onatoms»2.

Fast atom bombardment (FAB) mass spectra were obtained for the dl-
wnlne and Its sulphate In the positive lon mode, using glycerol as matrix,

and their results are shown In Table 4

Peak Rel. Int (S) Assignment
fm/7) NN__ MiNI
243 647 Iri*H*H2S041*
214 747 IMeHeH2S04-CH2NH1e
197 595 [M*H*H2S04-»#13CH2NHI*
145 100.0 100.0
128 16.3 200 («#H-NHsl*
93 342 263 IGlycerol"HI*
69 432 132 (M*H-NH3-NH2(QI2)2CH3I
58 158 268 [riHH#12(CH2)4(JI3I*
57 305 168 DI*IHtI3-f#12(CH2)2CH<H2)*
43 305 147 (M*H-NH3-fM2(CH2)3(3H3I2I*
41 347 126 tM»H-NH3-NH2(CH2)40i31"
30 358 132 IM1HfI2((312)6CH5J*

Possible fragmentation patterns are shown in Figures 4 and 5, for the
diamine and Its sulphate, respectively; they are specific for the compounds
and serve to characterize them.

Figure 4 (for the diamine) shows the expected m/z 145 lon, [fHI]*. as
the base peak. The fragmenUtlon starts with loss of ammonia from the

base peak producing a peak at m/z 128, (NH2(CH2)s]®. Three different
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routes of fragmentation then apper to be possible from this peak at m/z
128; (a) loss of [NH2(CH2)22CH3] producing a peak at m/z 69.
[CH2-CH(CH2)3I*. Which by subsequently losing t(CH2>2l with cleavage of a
C-C bond produces a peak at m/z 41, ICH2<HCH2I*; (b) loss of
(NH2<CH2)2CH-CH2I, by which a peak at m/z 57. ICH5(CH2)3I* Is pro(kiced;
(c) loss of (NH2(CH2)5CH<H2l and production of a peak at m/z 43,
(GB(CH2)2I*. From the base peak, a loss of ICH3(CH2)eNH2I may also occur
with production of a peak at m/z 58, (N\H2(CH2)3I*, which by subsequently
losing ((CH2)2] with cleavage of a C-C bond produces a peak at m/z 30,

m2(CH2)sNH3*

m/z 41
FIJw« 4 The positive ion FAB/MS fragmentation of diamine.
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Figure 5 (for the diamine sulphate) shows an ion at m/z 243,
IM*H*H2S04T. with a relative intensity of 647* corresponding to the
ion In association with a molecule of sulphuric acid Structurally

this ion may be the diprotonated diamine plus a hydrogen sulphate lon as

shown In the scheme. Two routes of fragmentation that are possible for

INH3”"(CH2)sNH3*HS04'l -------—---- » INH3*(CH2)6CH3H2S04I
m/z243 m/z214

“ NH3

NH2(CH2)s1«37~ [I*(CH2)6CH3H2504J

m/z 41

FI]M« S. The positive lon FAB/m fragmentation of diamine sulphate.
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this peak lon are. (a) loss of suipnuric acid with consequent proAictlon of
the base pe* at m/z 145. INH2-(CH2)8-NH3n From this base peak the
fragmentation pattern follows that observed in Figure 4j (b) loss of
(CH2-NH1 to give a peak at m/z 214, which Is assumed to be Aie to the
heptylammonlum lon In association with sulphuric acid, INH3*(CH2)6CH3
H2504] followed by loss of ammonia to give the peak at m/z 197,
[+ (CH2)s CH3 H2S04I The latter peak is tentatively assigned as the heptyl

carbonium lon In association with sulphuric acid.

5. Positive lon FAB/MS data for the triamlne using different

matrlcesUl.------------
Peak Relative Intensity (X) Assignment

284 90.9 35.7 495 3.8 29 IM*H*121*

272 100.0 100.0 100.0 100.0 100.0  IM*H)*

255 78 7.6 7.6 65 57

241 44 3.7 35 3.3  IMH-NH3CH2)*

227 32 __ 19 22 14  DIH#I3(CH2)2In
213 35 29 3.6 19 19  IM*LH#I3(CH2)3I*
199 24  __ 43 17 14 tM*H-FAWCH2)4l*
185 __ 17 13 17  IM*H#I5(CH2)5I*

71 148 76 14 16 1.4 IMAH-NH3(CH2)6I*

157 20.7 21.0 19.0 100 16.7  tM*H-NHj(CH2)7I*

143 24 24 19 14 1.9  IM*H-f«3(CH2)sl*

126 13.8 129 167 3.6 7.6 m H#I3(CH2)BNH3)*

112 75 48 76 LI 3.3 Ihh1H«3(CH2)al«3(CH2)I

‘98 84 6.7 86 16 3.8  [McH-NH3(CH2)8«t3(CH2)2]*
84 117 95 119 21 6.0  (M«H-I«i3(CH2)8NH3(CH2)3]"
70 125 129 21.4 33 8.6  (M"H-NH5(CH2)aNHs(CH2)4l*
56 144 167 27.6 5.0 100  |M«H-NH3(CH2)8NH5(CH2)5]*

a) Matrices: GLY « Glycerol, THDE > Thiodlethanol (Thiodiglycol), OGLY »
Diglycerol, THGLY 1 Thioglycerol, 3-NOBA = 3-Nltrobenzyl alcohol.

8l



Fast atom bombardment (FAB) mass spectra for the triamlne In the
positive lon mode were obtained In five CH20H-contalnlng matrices

(glycerol, thiodlethanol. dlglycerol, thioglycerol, and 3>nltroben2yl

alcohol). The results are shown In Table 5.

Possible fragmentation patterns for the triamIne are shown In Figure 6.

NH2((»2) 8NH((»2) SNH3™ m/z272
| ws
NH3*(O)eNH(CH2BCH«CH2  m/2 255
- (/\2
- (12
NH3(CH2) ?CH=NH m/Z143
I -NH3
*CH2 (CH2)6CH=NH m/Z 126
-0 ](.2
- X2
CH20(20(rNH m/z56

H]Hna 6. The positive lon FAB/MS fragmentation of triamIne.

Figure 6 (for the trlamine) shows the expected m/z 272 lon, [hKH]*, as
the base peak. The fragmentation starts with loss of ammonia from the

base peak (with charge localization possibly changed to the nitrogen at the
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other extremity) producing a peak at m/z 255.
(NH3*(CH2)aNH(CH2)eCH-CH2] which by Subsequently losing [012I fragments
with cleavage of a C-C bond to give a series of prominent ions separated by
14 mass units (from m/z 255 down to m/z 143). The fragmentation contin-
ues again with loss of ammonia producing a peak at m/z 126,
(CH2(CH2)6(>H M 1* which by subsequently losing ICHZ] fragments with
cleavage of a C-C bond to give a series of prominent lons separated by 14
mass units (from m/z 126 down to m/z 56).

TriamIne has shown strong [rtM 2]* peaks (m/z - 284) In three of the
matrices (glycerol, thiodlethanol and dlglycerol). Using thioglycerol and
3-nltrobenzyl alcohol matrices the m/z 284 peak was less than about 4X
of The 121* peaks are well known In the FAB spectra of amines
In glycerol and Lehmann tt have also reported the existence of
(htM2]” lons In the positive ion FAB spectra of oligopeptides, gradually
Increasing with time and accompanying the abundant [THi]* ions. The same
phenomenon has been noticed by Pang *t who have stated that this
might be due to the reaction of the amlIne-contalning sample molecule with

glycerol or thioglycerol.

NH2“ (CH2)jrl64“ (CH2)jrNH2 + 0*CA

CH2
NH2-(CH2)rN-((>I12)rNH2 ~ H20

17. The reaction scheme for the formation of an Iminlum lon through
reaction of formaldehyde with the secondary amino group of the

triamlne.



Probably the presence of tbts IMH« 12]" peak in the spectrum of the trl-
amtne sample was due to the reaction of formaldehyde produced In the
matrix with an amino group of the trtamlne, e.g. as displayed In Figure 7.

It Is also possible that the terminal amine groups of the triamtne can
undergo condensation with formaldehyde without protonation resulting in
Schiff base formation, e.g. as displayed in Figure 8. Significant |[M"24]"
peaks were observed using glycerol and dlglycerol matrices but

peaks were not significantly above the noise level.

2- (CH2)«-NH-(CH2) r NH2

NH2-(CH2)8-NH-(CH2)rN =CH2 + H20

Flpva t. The reaction scheme for the formation of a Schiff base through

reaction of formaldehyde with an amino group of the triamlne

2 PKNMmIN mm mm m1j-tiMNMiiiN»-«<cnwi

1,8-Olguanldino-octane (66) Is present In commercial guazatine In the
form of the acetate (66-A). It was therefore necessary to synthesize and
characterize this compound.

Diamine was amidinated with cyanamide (Exp. 21. p. 44) and
i,8-diguanldino-octane diacetate (66-A) (17) was obtained directly, as

shown In Figure 9.
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2 CH3 COOH
NH2(CH2)s NH2 * 2 NH2CN

C-NH-(CH2>rNH-C. 2 CH3 Co0 17)
H2NA NH2

FIfMrt I. Reaction scheme for the preparation of 1.8-dtguanidino-octane

diacetate (GG-A).

Diamine was also amidinated with 5foethylkothlouronlum sulphate
(Exp. 22. p. 45) and l.S-dIlguanidino-octane sulphate (G6-S) (18) was

obtained, as shown in Figure 10.

NH2 (CH2)8NH2 4 (CH3-S-C~ Jj SON

NH2
ANH2A  2-
;C-NH-(CH2)a-NH-C” SO/ + 2 CH3SH
H2N' NH2
(18)

| t Reaction scheme for the preparation of 1,8-dlguanidino”~tane

sulphate (G6-S).

It was first converted to carbonate IGG-C (19); Exp. 23. p. 45] as

shown (n Figure 11,



* -

ANH2
;C-NH-(CH2)8-NH-C~ S04 ¢+ Na2C03

H2N NH2
NON4, ANH2*
,C-NH-(CH2>e-NH-CA* * CO™ * Na2s504
H2N NH2
(19)

II. Reaction sctwme for the conversion of |,6~dlguanldino-octane

sulphate to Its carbonate (66-C).

and then to the acetate (G6-A (17); &«. ZA, p. Ab]as shown In Figure 12

«2\s /,NH2 7<2
>-1#(-((J<2)8-NH-C coO3F v 2CH3COOH
H2N Y2
HZN/\ /\/\2*
Ye-rtl-(CH2)8-NH-CA 2CHsCO00 + H2co3
H2N )
(17)

FItH « 12 Reaction scheme for the conversion of 1.8-dlguanldino-octane

carbonate to Its acetate (GG*A).

The reason for this indirect route In the preparation of the acetate was
because sulphuric acid Is a stronger acid than acetic acid so the direct

preparation from the sulphate salt is not possible.
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Tht diguanldated dtvnint salts. GG>S wd GG-A. wsrt characterlztd
mainly by carbon-13 NMR. Thair carbon-atoms wan numbarad as follows

In order to assign the chemical shifts:

*H 2N ANH 2+
C-NH-C-C-C-C-C-C-C-C-NH-C 2 CH3 GO0 GG-A (17)
H2N'5 43211234 5 NH2 6 7
H2N,, yNHz’ 2-
C-NH-C-C-C-C-C-C-C-C-NH-C~ S04 GG-S(18)
H2N 's 43211234 5 NH2

Table 6 shows the results obtained for GG-S and GG-A which were run

In D20 and D20/H2S04. respectively.

i. Carbon-13 chemical Shifts (S) of L1l6-dlguanldino-octane
SulouLfi tB6-5ianfifliaceia
GG-5<«) gg-a(«) gg-a(W Assignment

I(nnm) Inttnsitv  a(Dom) Intensltv~ arnnml Intansitv (CNII)
23.5 6644 23.5 4914 6

2S.5 46346 28.5 27121 28.6 6416 1

30.7 46673 30.6 28592 30.6 6602 2

30.9 44767 30.9 28539 30.9 6961 3

441 39518 442 25351 445 5968 4

1S9.9 12012 159.7 16300 159.3 4499 5
180.0 4055 1828 2961 7

(a) 5methyllsothlouronlum sulphate method (Exp. 2.2, GG-S; Z4, GG-A)
(b) Cyanamide method (Exp- 2.1. GG-A).
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The presence of a guanidine structure at the extremity of G6-S and
66-A compounds was evidenced by the chemical shift around 159.6 ppm,
which can be used as a fingerprint of Its presence In guanidine compounds.

The carbon-13 chemical shifts for the carbon atoms of the
octamethylene chain of GG-S and GG-A are almost Identical to those for
the protonated diamine, although the values for the o-carbon adjacent to
nitrogen (carbon-4) are further downfleld by about | ppm compared to
those for the diamine (See Table 3, p. 77).

There were no differences In the carbon-13 chemical shifts of GG-A
prepared by the 5 methylkothlouronlum sulphate and cyanamide methods,
with the exception of carbon 7 (COO-) which can vary in chemical shift
according to the acidity of the solution used In the nmr measurement

Table 7 shows the Fast Atom Bombardment (FAB) Mass Spectra results
obtained for 1.8-dlguanidino-octane sulphate (GG-S) and dlacetate (GG-A)
(Exp. 21. p. 44). The fragmentation pattern for both compounds Is shown In
Figure 13.

From Figure 13, the fragmentation of GG-S starts with loss of sul-
phuric acid and production of the base peak at m/z 229 which corresponds
to the monoprotonated base. From this peak (where the fragmentation of
GG-A also starts), several different routes of fragmentation might occur,
involving the Initial loss of ammonia (a), cyanamide (b), or guanidine (d)
as shown In the Table 7. In addition a pMk at m/z 172 results from the
loss of CH3N3 (c), which has been observed for other guanidine

derlvatlves73.74 «xj Is thought to be 3-Im1no-I,2-dlazacyclopropane (20).

NH>C | (20)



H2N

:C-NH-(CH2)8-NH-C

NH2*
H§)4‘ m/2 327
NH2
NH
m/z229
NH2

- (@NH3 (WNH2CN (C) CH3N3«I)NH2C(:NH)NH2
(e) to (J) NH2<C:NH)NH(CH2),,., CH3 (n- |1 to 6)

H2N
-H 2504
H2N,
:C-NH-(CH2)e-NH-CA
H2N
H2N

X-NH-(CH2)8»*<CN
H2NL
m/z 212

AC-1«-(CH2)7(CH3)
H2N
m/z 172

(e) 'C-NH-(CH2)sCH<H?2
m/z 156
H2N,
@ AC-NH-(CH2)3CH-CH2
H2N
m/z 128

HN
AV nH-(CH2)OKH2

H2N
m/z 100

* «2Nv
(b) .C
h,n'
m/z 187
H2r m/z 170
(0 "y V
H2N' m/z 142
H2N ,
(h) " ¢-NH-(CH2)20« H 2
H2N m/z 114
S C-NH-OKH?2
m/z 86

FIfwi 1S. The positive ion FAB/nS fragmentation of 18<Ilguanidho-
octane sulphate (GO-S) and diacetate (66-A).

19



7. Tht positivt ton FAB/MS data of 1.8-dlguanldjno-octant

Peak  Relative intensity (X) Asslgnment(b)

(m/2) GG-S Gfrr

327 51.5 IM*2H**HS04" I*

229 100.0 100.0

212 10.3 9.0

187 11.9 141 IM*H-NH2CN1*

172 8.5 7.2

170 = 20.7 18.8 IM*H-NH2C(:NH)NH2I*
156 17.4 15.1 IM*H-NH2C(:NH)NH2(CH2) 17
142 9.2 9.5 IHHH (H 2CGNH)NH2(0 12)21*
128 8.9 8.8 DI*H-NH2C(:NH)NH2(CH2)3I*
114 7.5 7.3 IfHHtI2C(M1INH2(CH2)41N >
100 7.2 8.2 (MAHFI2C(MONH2((»2)5]*
86 9.8 126 irH H (H 2CCNH)»tI2(CH2)e]*
73 13.9 18.6 . INH2C(ML)NH2((»2)]
59 9.3 127 INH2C(:NH)NH2]

(a) GG-A obtained tlrough cyanamtde method (Exp. Z 1, p. 44)
(b) n - free base, i,8-dlguantdino-octane

other peaks artsing from C-C cleavages In the octameth/lene chain are
Indicated schematically in Figure 13.

The results presented In Table 7 and Figure 13. clearly show that the
fragmentation patterns do not depend on the anion species present in
dtguanidated diamine compounds, and FAB/MS analysts was a powerful

technique for the characterization of these compounds.
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The aim was to prepare the monoacetyl derivative, of 1.8-dlamino-
octane, mono-itfacetyl-1.8-dlamino-octane (21), as shown in Figure 14.
and to use it in the preparation of the monoguanidated diamine compound

(GN) which is also thought to be present in the commercial guazatine.

NH2((312)8NH2 a i3(X)2CH2CH3
I«12(CH2)8ft(COCH3 C2H50H
(21)

14 Reaction scheme for the preparation of mono-acetyl-1,8-

diamino-octane.

NH2
W 2(CH2)8NH(X)0<3 ¢+ I(H3-s-Cc~ L SO?" —oemeem- )
NH A
H2NA
I AC-NH(CH2)s NHCOCH3]2 SO~ Hydrolysis
H2N"
(22)
H2N
AC-NH(CH2)s » «3* S047" (GN-8)(23)
H2N'

IS. Reaction scheme for the preparation of t-amlno-8-guanldino-
octane sulphate (GN-S) through .“methylisothlotronlum

sulphate.
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Two different routes of preparation were attempted In order to obtain
the monogianidated diamine compound (GN) through the mono-Macetyl-
18-dlamlno-octane derivative (21), one using >methyllsothlouronlum

sulphate, as shown In Figure 1S, and the other using cyanamide, as shown

In Figure 16.
CH3 COCH
NH2<CH2)sNHC (X>I3 NH2CN
H2N
AC-NH(CH2)s NHCOCH5 CHs CMo™ ___ |y<»rolysIS
H2N
(24)
HION.
AC-f«((>12)8NH3* 2CH3(»)' (GN-A)(25)
H2N
Flfwa li. Reaction scheme for the preparation of I>amlIno-8-guanldfno-

octane acetate (GN-a) through cyanamide.

In the synthesis of mono-AFacetyl-1,8-dlamlno-octane (21) (Figure
14), the diamine was protected by a convenient method with etby)
acetate, but further reaction can also occur with production of the

diacetyl derivative (26);

CH3-CO-fiHCM2)8-NH-CO-<3i3 (26)

The monoacetyl derivative can however be separated by distillation
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and the product obtained In the present work was shown to be pure by gas
chromatography.

Table 8 shows the results obtained for the product (21) by carbon-13
Iff! which was run In 020.

in order to assign the chemical shirts the carbon-atoms were

numbered as follows:

)«2-C-C-C-C-C-C-C-C-tiH:0-CH3 (21)
2 3 4 1

I. Carbon-13 NMR chemical shifts (I) of mono-N-acetyl-1,8-

8(00m) Intensity Asslonment (C No.)
246 66031 1
28.8 145242 Central carbon
31.0 16281 chain
31.2 131546 "
324 11269 '
33.2 7622 '
33.7 33442 '
423 81520 2
43.3 51883 3
176.5 26692 4

Table 9 shows mass spectral data with the elemental composition for
mono-4~acetyl-l,8-dlamIno-octane and various fragment lons using the
electron-impact method The peak at m/z 187 corresponds to which

Is an usual feature In electron-impact spectra.
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This is protiably due to protonation In the lon source, possibly by

transfer of

lonized chemical lonization reagent gas.

from another fragment ion, acting in the manner of an

The effect has been noticed recently for a number of carbonyl com-

pounds and amides and is pressure dependent's.

The phenomenon had been noticed by Mclafferty who stated that

aliphatic amines have a strong tendency to undergo protonation at moder-

ately high sample pressures to yield the characteristic peakM.

9. Mass spectral data and elemental composition of lons from

Exact Mass Elemental Form. Exact Mass

187.18046
186.17162
170.15480
157.14731
14712306
128.10655
114091S6
100.07623
86.06093

73.05313

55.05676

23
22
20
19
16
14
12
10

8

7

7

OrrrPRPPRPFPLPELNMNDN

1
1
1
1
1
1
1
1
1
1
0

187.18104
186.17321
170.15449
157.14666
14712319
128.10754
IU09189
100.07624
66.06059
73.05276
55.05478

Error HIl. Remarks

0.6 35.3 IM*H)"
16 23 Imn

-0.3 3.2 IM-NH2}»

-0.6  19.9 IM-NH((302I*
0.1 8.7 IM-ttl2(CH2)2J*
10 24 IM-NH2((3<2)3I"
0.3 21.6 IM-NH2((>12)4l*
0.0 16.9 IM-f#I2(CH2)5]

-0.3  38.2.(M-NH2((3I2)6l*

-0.4  100.0 IM-NH2(0(2)71*

-20  244[M-NH3(CH2)4

NWX)CH3I*

Amidinatlon of the monoacetyl derivative was carried out with

5methyllsothlouronlum sulphate (Figure IS. p. 91) and the Intermediary
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reactton product, I-xet«nido-8-guanldtno*octane sulphate (22). was
checked by cart>on-13 NMR run In 020. The carbon atoms of this compound
were numbered as follows In order to assign the chemical shifts shown in

Table 10:

»ON 2_
[ C- NH-C-C-C-C-C-C-C-C-NH (»CH 312 S04~ 22)
H2NA4 2 3 51

The chemical shift at 159.7 ppm confirmed that the guanidine struc-
ture had been Introduced into the monoacetyl derivative but It proved
Impossible to obtain the product In a crystalline form . The reaction from

Figure 15 (See p. 91) was stopped at this stage.

It Carbon-13 Ifl* chemical shifts (t) of l-acetamldo-8-

a(fxm) Intensity
247 20024 1
28.5 36085 Central carbon
28.7 33892 chain
29.5 11554 :
30.7 41691 '
31.0 80238 '
33.1 14584 !
423 26175 2
441 24961 3
159.7 7267 4
176.6 8363 5
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Amidinatton of Ute mpnoacetyl dortvattve was also carried out with
cyanamtde In acetic acid solution (Figure 16, p. 92) and the Intermediary
reaction product, l-acetamldo-8-guanldtno-octane acetate (24), was
checked by carbon-13 NMR in CD30D. Similar results were obtained to
those above. The carbon-atoms were numbered as follows in order to

assign the chemical shifts shown In Table 11;

« 2N
? C-NH-C-C-C-C-C-C-C-C-NHCOCH3 0<3(X)0 (24)
H2N 5 6 I 2 7
Il. (Urbon-13 NMR chemical shifts (t) of l-acetamldo-8-
8 (Dom) Intensity  Asslonment (C No.)
226 29949 1
27.2 15979 2
27.5 16628 Central carbon
27.7 31516 chain
28.4 12355 .
29.9 37237 '
30.1 64842 )
40.4 32087 3
423 9208 4
158.7 2905 5
173.3 11548 6
179.3 3792 7

The chemical shift at 158.7 ppm again confirmed that the guanidine

derivative of the monoacetyl compound had been formed
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although the value was up field by about | ppm compared to that for
l-acetamtdo-8-guanlidino-octane sulphate (Table 10, p. 95) and for the
GG-S and GG-A compounds (Table 6, p. 87). This vriatlon may be due to
the solvent used. U CD300 (D20 was used with the previous
compounds).

I-Acetamldo-8-guanidino-octane acetate (24) was heated with 6SX
sulphuric acid In an attempt to obtain I-amIno-8-guanldino-octane sul-
phate (GN-S) (23) as shown In Figure 17, but unfortunately the desired
product could not be obtained. Although the acetyl group was partially re-
moved. about SOS conversion of guvildine to the ureldo group was also ob-
served through carbon-13 NMR results which are shown In Table 12 The

spectra were run In 020/H2S04.

V N H (O 12)eNHCOCH3 01jcoO0"
H2N
(24)

H2N
VNH(Cil2>8NH3~ S04*“ ¢ 1« 2CONH(CH2)8I#I(»CH3

H2NA
(GN-S) (23) (27)  « CH3(3X)H

FlIfwa 17. Reaction scheme for the hydrolysis of l-acetamldo-8-

guanldino-octane acetate J..

Because of this undesirable production of the urea derivative (27) In-
stead of I-amIno-8-guanldino-octane sulphate (GN-S), the reaction was

stopped at this stage and no further attempts were made.
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In order to assign tne cnemtcal shifts of the resultant product from

the reaction the carbon atoms were numbered as follows:

H2 NA
V. nh-C-C-C-C-C-C-C-C-NHt* » 47 (23)
HtU'i 3 2
NH2CONH-C-C-C-C-C-C-C-C-NHCOCH, @7
7 -1 4 61

12. Carbon-13 m i chemical shifts (8) of the hydrolysis product

8 (oom) Intensity 8(Domia Intensity

21.7 9729 21.7 3217 1
23.2 62867 )
248 3023 Central carbon
27.8 13686 28.4 3768 chain
28.1 17651 28.8 3515 -
29.1 12346 29.7 3730 :
29.5 15438 30.2 2845 -
30.3 20850 31.1 4838 :
42.6 7270 43.0 2494 2
43.8 6354 443 1056 3
444 11465 447 1689 4
159.1 2861 159.6 460 5
1643 2603 1649 497 6
177.9 8820 178.0 2064 7
_ _ 179.6 38869 ©)

b) Oueto£H30fCH3COOH
¢) Due to CH3CQOH
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PKFIMnIN M fiMMIMTa IlliNINI KfHIEI M

Tht comnMTctal proctss for tht manufacturt of guazatina is shown in
Figure 2 (p. 31) and uses cyanamide to amidinate the technical triamine.
Some modifications In this procedure were made and some different
routes of preparation were attempted In this programme.

Both cyanamide and 5methyllsothlouronlum sulphate were used for
the amidinatlon of technical triamlne and pure tiiamlne In the production
of guanidated triamIne acetates and guazatine.

It was noticeable that the reactions using cyanamide tended to give
oils, or glass-like, and greasy products much more than the reactions us-
ingbmethyllsothlouronlum sulphate and that the products from
cyanamide resisted all attempts to Induce crystalllzatloa

When cyanamide was allowed to react with technical or pure triamine
(In different molar ratios) in the presence of acetic acid, different
guanidated trlamline acetates were possible as products, as shown In
Figure 18.

It was observed that cyanamide tended to react also with the central
nitrogen of the tiiamlne molecule producing a trlguanldMed compound
(6G6-A) (31), a reaction not observed with
Athyllsothlouronlum sulphate which produced a diguanidated compound
[GN6-S (8); Figure I, p. 29L

The compounds produced by all these reactions using cyanamide,
~methyllsothiouronlum sulphate, or other reagents, were characterized
by carbon-13 and the results are shown In Tables 13 to 17. The

spectra were run In 0jO.
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NH2CN ¢ NH2-(CH2)rNH-(CH2)«-NH2  —moeeeeemmeee )

H2NM
E-NH(CH2)8NH2*(CH2)eNH3* 3 CH3C00*  (6NN-A)(28)

’H3N(CH2)rN-{CH2)eNH3 3CH3COO0 (N6eN-AH29)
«2n , /.NH;

C-NH(CH2)8NH2 (CH2)eNH-C 3CH3COO  (GNG-A)(I0)
H2NA N NH2
« 2N>

XC-NH(CH2)e-N-(CH2)8NH3 3CH3COO™  (GGN-AH30)
H2N

» H2K, .NH2

C-NH(CH2)e-N-(CH2)8NH-C 3CH3CO0 (GGG-A)(3I)
H2N NH2
I. Reaction scneme for tne preparation of different guanidated
tnvnine acetates through reaction of cyanamide with pure or
technical triamine.

In order to assign the chemical shifts of all possible compounds that
might be produced in the preparation of guanidated tiiamlne acetates
their carbon atoms were numbered as follows:
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HjN
N2 * o« o« « « - NH3* 3CH000

y -m « « « « -
HN 7 4 1 8
76
*H3N"C-C"C*C"C*C"C"C" N-C"C"C"C*C"C-C"C"NH3 3CH3CO0
s 5 2
H2N,
H2N 7 4 3 3 4 7 N2
3CH3CO00
| 8
H2N. |1 6
‘c4«-C-C-C-C-C-C-C-C- N-C-C-C-C-C-C-C-C-NH3 3 CH3000
HN 7 4 | 8
H2NA 76
'‘CNH« « « « - N-C-C-C-C-C-C-C-C-I
H2n'
3CH3CO0

| 8

In Increasing order of chemical shirt signals the carbon atoms can also

be numbered as follows:
(1) CH3; (2) C-NH3"~ ; (3) C-fM27 i (4) C-4M; (5) C-N-C ; (6) NC(:NH2*)NH2

(7) NHC(itI2¥)NH2 ; (8)COO-
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Table 13 shows the results obtained when cyanamlde was caused to

react with technical triamlne In a molar ratio of 3:1, respectively.

TaMa IS. Cartkxt-i3 MiR chemical shifts (8) of some guanidated

triamlne acetates prepared using technical triamlne and

cvanamide ( ««

*(nom) Intensity Asslonment ( C No.)
26.0 19919 1
28.3 34620 Central carbon
29.2 11837 chain
29.4 10856 m
30.4 28783 °
30.6 25709 m
30.7 27685 ®
42.2 7208 2
43.7 23347 3
50.0 1921 4
51.3 9357 5
1226 1124 9
158.4 6282 6
159.5 14826 7
165.8 2676 10
183.6 12737 8

(@) Exp. 41, p. 48

The assignment of carbon atoms 9 and 10 from Table 13 corresponds to
cyanoguanidine (32) which was produced by dimerization of cyanamlde

that was used in excess.
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n2
2 NH2CN HN=C-NH-CN (32)
10 9

From the results of Table 13 It is also possible to conclude that the
product obtained is a mixture of several amidinated trtamine compounds
such as : 6NN-A; N6N-A; GNG-A; GGN-A and G66-A which are present In
different relative proportions since the reaction using cyanamide Is ran-
dom and the amidtnatlon of trtamine can occur at any nitrogen in the
molecule”i.

Table 14 shows the results obtained when cyanamide was caused to re-
act with pure triamine in various molar ratios.

The results from Table 14 give an indication that when the concentra-
tion of cyanamide that was used was Increased from 0.5 to 12 times the
molar concentration of triamine, several guanidated compounds were ob-
tained ( monoguanidated; GNN-A or NGN-A; diguanidated; GN6-A or GGN-A;
and triguanidated: GG6-A), all with different relative concentrations ac-
cording to the resultant product obtained. Even at a low concentration of
cyanamide (2:1), there was a possibility of obtaining the triguanidated
compound (G6G-A) which again has shown the preference of cyanamide for
the central nitrogen of triamlne Instead the one at the extremity. When a
large concentration of cyanamide was used (1:12) the probability of ob-
Ulning the triguanidated compound (GG6-A) as the sole resultant product
was greatly increased. Such results will be compared later with those
obtained by gas-liquid chromatography.

The assignment of carbon atoms 9 and 10 from Table 14 corresponds to
cyanoguanidine (See p. 102), and the carbon atom 11 corresponds to

cyanamide (See p. 111).
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TaM* 14 Carton-13 NMR chemical shifts (S) of some guanidated amine
acetates prtpartd using puit triamine and cyanamide (in various

1) (1 (1:2) Assignment
a(nom) Intans. a(nom) Intans. ____ »(ram) Intans. (C No.)
26.3 20664 26.1 11436 26.1 6379 1
28.3 40730 28.3 27089 28.4 15581 Central
29.7 21508 28.7 4711 29.3 7262 carton
30.7 33261 29.3 9698 30.0 6031 diain
31.1 8752 29.9 13780 30.6 7478 '
31.3 3374 30.7 20910 30.9 10307 '
31.6 2150 31.0 10222 31.0 8084 '
423 19094 425 12392 425 4244 2
43.9 2835 43.9 4250 440 4681 3
50.2 15282 50.3 8823 50.3 2331 4
51.6 3901 51.5 6900 51.5 5559 5
158.6 1854 158.5 2842 158.6 2654 6
159.8 1082 159.7 2176 159.7 1966 7
183.7 10192 1840 5764__ 1840 3076 8
1:3) (16) (112) Assignment
a(Dom) intens. »(Dom) intens.____ 8(cam) Intens. (CNO.)
26.0 4235 26.0 29156 N1 3609 1
28.3 5974 28.4 32044 28.9 6587 Central
29.3 3975 29.3 20113 29.7 3787 carton
30.5 4327 30.5 25390 31.0 4692 chain
30.9 4795 30.9 28892 31.3 5686 !
31.4 730 315 5602
421 1637 420 4795 2
43.7 2869 43.7 18061 442 3501 3
50.0 593 4
51.3 2515 51.3 12649 51.8 2781 5
118.7 314 1
1224 3790 123.0 1165 9
158.4 1786 158.3 11918 158.7 1432 6
159.5 2184 159.4 19709 159.8 1799 7
165.6 9831 166.1 1421 10
183.4 2505 183.2 19816 183.6 1915 8

(a) Experimental 421 to 426.. pp. 49 to 52
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Table IS shows the results obtained when 5-methyllsothiouronlum
sulphate was caused to react with pure trlamlne In a molar ratio of I:l
and also the results from the conversion to acetate through different

procedures of evaporation to drynes&

TaMa 15. Carbon-13 NMR chemical shifts (8) of guazatine sulphate
and acetate- prepared  using pure trlamlne and

,m e tnyiisoiniouronlum suinnaieu: 1) as reagents.

GNB-S(«) GNG-AIW GNG-Alc) GN6-A(e) Assignment
8(Dom)Mens. 8(oom) Intena. 8(nom) Intens. (CNo.)_ .
26.4 3132 26.3 204677 26.1 9462 1

28.3 33021 28.3 5007 28.4 337486  28.2 18219 Central
28.5 45741 28.6 6564 28.6 432919 28.5 22397 carbon
30.7 37197 31.0 7583 30.7 336884 30.6 17910 chain
30.9 52052 32.0 1382 31.0 491549 30.8 26098 !

440 1901S 441 3417 442 254169 440 12767
50.4 17776 50.4 3466 50.5 223056 50.3 11660
159.8 5378 159.9 1325 159.9 98542 159.7 4600
— — 1840 1593 1843 99975 1842 3592

o0 N P w

(a) Exp. 427.1. p. 53

(b) Compound as 65 w/v solution (Exp. 427.3, p. 54)

(c) Solid compound obtained by heating (1« procedure of 427.3, p. 54)
(d) Solid compound obtained without heating(2*<i proc of 427.3, p. 54)

The guazatine acetate (6N6-A) results from Table IS clearly show that
there were not any significant differences in the chemical shifts
following the different procedures used to dry the compound and neither if
the compound was finally obtained In solution or In the solid state.

The guazatine sulphate (GNG-S) results were similar to those for the

acetates.
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Table 16 shows the results obtained for guazatine acetate using two
different routes of preparation: barium acetate (Figure 19) and
5-methyllsothlouronlum acetate (Figure 21) methods, but for the latter It
was necessary to prepare 5methylisothlouronlum acetate (73) to use as

starting material, as shown In Figure 20.

" /\, ] J 2-
[ JC-NH-(CH2)s-NH2*-(CH 2Je-NH-CA lj 3s0/
H N NH
3Ba(CH3(X)0)2
//NH2’
2 :C-NH-(012)a-NH2 -(CH2)a-NH-C 3CH3CO0 ¢
H2W NH2
3Bas04

Fi|v« 19. Reaction scheme for the preparation of guazatine acetate

through barium acetate.

The results of both methods of preparation of guazatine acetate did not
differ from each other and they also agreed with those shown In Table 15.
Such results provide alternative methods of preparation for guazatine
acetate. Although the use of 5methyllsouronlum acetate (IS) has been
referred to™o, 5methylisothlouronlum acetate (33) and Its use have not
been mentioned In the literature until now. The reagent was prepared from
the sulphate by double decomposition with barium acetate solution (See

Figure 20). This new method of preparation has an advantage over the use

106



[CH3-S-C~ lj so/ v Ba(CH3C00)2
NHS

uu
2 CH3-S-C CH3@0 ' BaSo4
NH2
(33)
Flifcra 2t. Reaction scneme for the preparation  of

5inethyllsothlouronium acetate

2CH3-S-CAXHI CH3()0  +  NH2-(O I2)e-NH-{CH2)8NH2
12

CH3 QOCH

A2AN + / NH2*
"C-NH-(CH2)rNH2*-(CH2)8-NH-c' 3CH3C00* o 2(5I3SH
H2N NH2

Flfwa 21. Reaction scneme for the preparation of guazatine acetate
through 5(nethylisothlouronlum acetate.

of cyanamide and”methylisothlouronlum sulphate because there Is o
risk of production of triguanidated compounds, as is the case with
cyanamide, and neither the disadvantage of the need for conversion from
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sulphate to carbonate and then to acetate when 5methyltsothlouronlum

sulphate is utilized.

It carbon-13 rt« chemical shifts It) of guazatine acetate

LtWOI
6N6-A(a) GN6-A(b) Assignment
«(pomi  Intens. UoiaU___ IntBfft (CNQ)
26.3 24919 26.1 33609 1
28.4 55063 28.4 60256 Central
28.6 77404 28.5 72961 carbon
30.7 57485 » 6 19320 chain
30.9 85892 30.9 78138 !
441 41958 441 32821 3
50.4 38956 50.4 35849 4
159.9 13735 159.8 11360 7
1843 7831 1841 12956 8

(a) Barium acetate method (Exp. 427.4, p.5S)
(b) .Methyllsothlouronlum acetate method (Exp. 427.5. p. 56)

Table 17 shows the results obtained when 5methyllsothlouronium
sulphate was caused to react with pure triamtne In a molar ratio of 21,
respectively.

The product obtained was not very pure, which explains the large range
for the melting point, low level of nitrogen, and poor results of carbon-13
NMR which also showed the presence of some of the excess of
5methyllsothlouronlum reagent (S 15.7). The results have shown,
however, tfat even using double the required concentration of
5methyllsothiouronlum sulphate the amidinatlon at the central nitrogen
did not occur to a detectable extent and this confirmed the results
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obtained by Hudson

TaMa 17. Carbon-13 NMR cbemlcat shifts «) of guazatine sulphate

prepared using pure triamlne and 5methyllsothlouronlum

sulphate (I "> ** r»a<i»ntra> N

a(ooffl) Intensity Assignment (C No.)

15.7 5343 (b)

28.5 27184 Central carbon

30.8 29249 chain

440 11935 3

50.2 9792 4
159.6 3113 7

(a) Exp. 427.5. p. 56
(b) Chemical shift due to » methyl (weak signal).

A development sample of guazatine produced by Murphy Chemical Ltd
(40X, 62) In 1970 from distilled triamlne through the
5methylisothlouronlum sulphate route (Figure 1. p. 29) and the KenoGard
AB commercial product (70X, 670). were also characterized by carbon-13
NMR and the results are shown in Table 16.

The results for 640 agreed perfectly with those for the compound
synthesized In the present studies through the.“methylisothlouronlum
sulphate and acetate methods for which the results are shown In Tables
15 and 16 (See pp. 105 and 108). respectively, showing that the Murphy
product was essentially the single compound. GNG-A.

The results for 670 were also similar to those for the various products
synthesized through the cyanamide method (using vrlous molar ratios)
which are shown In Tables 13 (for tech, triamlne) and 14 (for distilled
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trtamtne) (S«e pp. 102 andl04, respectively).

>|. Cartoon-13 MIR ctoemicai stotrts «) of development sample (640)

and COmm¢rflal yayaMiw>

640 670 Assignment
a(oDm) Intensltv >(Dom) Intensity (CNo.)
25.9 3661 26.3 112014 1
28.1 10594 28.6 190236 Central
28.4 13234 29.5 68113 carbon
29.7 62892 chain
30.6 12089 30.7 158078 :
30.8 14326 31.0 162353 '
42.3 39780 2
43.9 4840 440 135176 3
50.1 6530 48.3 5330 4
51.6 48259 5
158.6 23939 6
159.6 2784 159.7 48031 7
182.8 3036 1840 62149 8

From a general view of the results obtained, the presence of the guani-
dine structure at the central position of the molecule (cartoon 6) was evi-
denced by the chemical shift of about 158.4 ppm and this was observed
when cyanamide was used as the reagent for the amidinatlon of pure or
technical triamlne (Tables 13 and 14). The same signal was not observed
when 5methyllsothiouronium sulphate (Table 15 and 17) or acetate
(Table 16) were used

Carbon-13 chemical shifts for the terminal guanidine groups (cartoon 7)
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occurred at a slightly lower field of about 1S9.S ppm.

Carbon atoms from the central carbon chain (Tables 13 to 18) did not
present great variations In chemical shifts. The vriatlons were more
pronounced for carbon atoms 2 to 5 where the Interaction of the adjacent
nitrogen atoms became stronger.

The chemical shifts for these products were distinctly different from
those of the reagents used in the reactions. Thus cyanamide shows a sin-
gle peak at 120.7 ppm. 5methyllsothlouronlum sulphate shows signals at
15.8 and 175.7 ppm for the methyl and Isothlouronlum carbon atoms, re-
spectively. whilst .“methyllsothlouronlum acetate shows signals at
15.8. 26.2. 175.8 and 1843 ppm for the 5methyl. acetate methyl. Isoth-
louronlum and carboxyl carbon atoms, respectively.

Fast Atom Bombardment (FAB) Mass Spectra were obtained for GN6-S.
GNG-C. GN6-A. and for a mixture of guanidated trlamine acetates
(obtained using trlamlne) in the positive lon mode with glycerol as matrix
(Tables 19.20.21).

The fragmentation patterns for GNG-S. GN6-C. GN6-A. and the mixture
of guanidated trlamlne acetates are shown in Figures 23 and 25 (for the
mixture) and are complemented by the Tables mentioned above.

Figure 23 and Table 19 (for the bls-<8-guanldlno-octyl)amine
sesquisulphate and sesquicarbonate] show the expected m/z 356 Ilon.

as the base peak. In the case of the sulphate salt an additional peak
at m/z 454 (relative Intensity 23» appeared which was assigned to the
trlprotonated base In association with a sulphate anion in the case of the
carbonate salt the same additional peak at 454 (relative intensity 6»
Indicated that the conversion of sulphate to carbonate was not a hundred
percent and that some sulphate was left Several different routes of

fragmentation might occur from the base peak. Involving the Initial loss
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TaM

Peak
(m/2)

454
398
380
368
356
339
314
299
297
283
269
255
241
227
213
199
185
170
156
142
128
ti4
too
86

Th« positive ton FAB/MS data for bls-(8-guantdino-octyl)

amine
Rel.Int.(X)
GNG-S 6N6-C
23 6.1
2 100
3.2
2 57.2
too  100.0
7 11.5
14 424
19 108
15 21.8
10 13.8
7 8.6
7 10.0
5 7.1
4 7.8
5 127
13 37.6
19
31 343
21 327
13 216
17 31.9
14  28.2
15 342
18  50.7

(a) Exp. 427.1, p. 53
(b) Exp. 427.2. p. 53
(C) M - NH2C(;NH)NH(CH2)s NH(CH2)8NHC(:NH)NH2

sesqutsulphate (GNG-S/*) and sesqutcaiDonate

Asslgnment(c)

(M>3H*S042-1*
IM>H*C*CH201*
[M*H*2C1*

tri»H-NHZ2CN I*

[«¢ H-CHsNsI*

(M*H-NH2C(:NH)NH21*
IM*H-NH2C(:NH)NH2(CH2)]*

i I*H-ttI2C(:NH)NH2(CH2)2I*
1IMHH#<2C(:NH)NH2(CH2)3]*

(M H-NH2C(:NH)NH2(CH2)4l*
[M*H-NH2C(:NH)lil2(CH2)51*
0i*H-NH2C(:NH)NH2(CH2)6]*
IM*H-NH2C(:NH)NH2(CH2)7]*
th>H-NH2C(:NH)NH2(CH2)e I*
IM*H-f#12C(:NH)NH2(CH2)8NH I*
IMAH-NH2C(:NH)NH2(CH2)eNH(CH2))*
IM*H-NH2C(:NH)NH2(CH2)eNH(CH2) 21 *
IM»H-NH2C(:NH)NH2(CH2)aNH(CH2)31*
IM»H-NH2C(:NH)NH2(CH2)sNH(CH2)41 *
[M*H-NH2C(:NH)NH2(CH2)s NH(CH2)5]*
(M»H-NH2C(:NH)NH2(CH2)8NH(CH2)«1*

of ammonia (t), cyanamide (2). or guanidine (4), to give tons at m/z 339,

314, and 297, respectively, as stwwn in the Table 19 and Figure 23. in ad-
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ditlon a peak at m/z 299 results from tne loss of CH3N3, as observed for
other guanidine derlvattves73.74(See p. 88). Other peaks arise by cleavage
of the various carbon-carbon or carbon-nitrogen bonds along the
octamethylene chain (with hydrogen transfer) to give a series of promi-
nent lons as shown In Table 19.

An additional peak at m/z 368 appeared In both compounds, GN6-S (2X)
and GNG-C (S7X) probably resulting from the formation of an Imintum lon
by reaction between the free base [MI and formaldehyde produced In the
glycerol matrix as shown In Figure 22, and discussed earlier In the case of

the triamlIne (See p. 83).

HN NH
AC - NH- ((312)8-NH- (CH2)8- NH- o»C
H2N
CH9
HNs M 2 /.NH
V - NH-((312)6-N-((312)8- NH- C H20
HjN' ' NH2

Fifw« 22. The reaction scheme for the formation of an Iminlum ion
through reaction of formaldehyde with the secondary amino

group of the free base of guazatine.

The main reason to use two different procedures to obtain guazatine
acetate throuj™ conversion of the same carbonate to acetate, via

5-methyllsothlouronlum sulphate method, 7/« heating and not heating the
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H2NA

AC-NH-(CH2)e-NH2*-(CH 2)e-NH-CA S04 m/2454
H2N NH.
-H 2504
H2N, NH
, AC-NH- (CH2)8- NH- (CH2)e- NH- m/z3S6
H2N

- (DONH3 (2)NH2CN  (3)CH3N3
(4)tom/Z 185NH2C(:NH)NH2(CH2)?, (n- 1t09)

» 2NN,
1) X-NH-(CH2)#-NH-(CH2) r NH-CN m/z339
H2NA
(2) /-NH-(CH2)8-NH-(CH2)e-NH2 m/z3l4
H2N
*» 2N°,
3) /-NH-(CH2)NH-(CH2)7-CH3 m/z299
H2N
'« 2NN
4) r-NH-(CH2)8NH-(CH2)6-CH = CH2 m/z297
H2NA
*«2N,s
5) X-NH-(CH2)i-NH-(CH2)s-CHrCH2 m/z283
H2N

AC-NH-CH=CH2 m/z86
H2N

FIfMni 2S. The positive lon FAB/MS fragmentation of bls-(8-gu«ildino-
octyDamlne sesquisulphate (GN6-S), sesqulcaitonate (GN6-C),
and triacetate (6N6-A).
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[~ JCNH-(CH2B-NH2*(CH2)eNH-Cr 1j 3008 »GHCOOH
j 2

NH

HN #NH2* .
' ¢-NH-(CH2)«-NH-(CH2)8-NH-C ~~  0-C-CH3
HjN" 1 gl T) 'B
., NH
C-NH-(CH2)8-NH-(CH2>r NH-C
Hj N NH-C-CH3

li
0

FAB/MS (»H*)

H2N, NH
,C-NH- (CHD r NH-(("2"8-N«-
H2N NH-C-CH3
H
m/Z 398 0
-(CH2o0l
HgN, . s \H
C- NH-(CH2)8-NH- (CH258- NH-
N=CH2

m/Z 368

FI|Mri 24 A possible reaction scheme for the acetylation of guazatine.
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solution to obtain the pure solid compound (See exp. 42.7.3.. p. 54), was
due the presence of the peak at m/z 368 by FAB/MS. The initial thought
was that the peak had originated by acetylation of the guanidino group and
subseguent loss of (CH20], as shown In Figure 24

The same 368 peak was however obtained even without heating the
solution (Table 20). Different procedures for the preparation of guazatine
acetate were therefore attempted in an attempt to explain the presence of
this peak at m/z 368, such as the barium acetate and
5fnethyllsothlouronlum acetate methods (Exp. 427.4, p. 55 and 428, p.
57, respectively) In which free acetic acid was not present at any stage.
The products also showed the presence of the 368 peak (Table 20).

Figure 23 and Table 20. for the bls-(8-guanldino-octyl)amine
triacetate prepared by different procedures, show the expected m/z 356
lon, (ThHI* as the base peak. The only exception was for the procedure (a)
(conversion of GN6-S to GN6-C and after to GN6-A and heating to dry the
compound) where the base peak was the lon at m/z 368, 121*. in the
case of the procedure (c) (conversion of GNG-S to GNG-A through barium
acetate method) an additional peak at m/z 454 (relative Intensity 27.5X)
appeared which was an Indication that such conversion was not a hundred
percent and some sulphate not converted was left and was Identified by
FAB/ns. This result also explains the difference In the microanaiysls re-
sults for C and H when compared with those expected. The presence of this
peak at m/z 454 In products of other procedures mentioned above was
negligible. The same phenomenon described above. / «the formation of the
peak at m/z 368, also occurred In all cases of 6N6-A compounds whatever
procedure of preparation was used. Samples from procedures (c) (barium
acetate method) and (d) (M ethyllsothlouronlum acetate method) were
re-run under FABwith a different matrix (3-nltro-benzyi alcohol), and the

peak at m/z 368 was found to be absent When formaldehyde was added to
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Tatto 2t. The postttve lon FAB/MS data for bls-<8-guantdino-octyl)
amine triacetate (GNG-A) under different procedures

of nreoaratloft. »
Peak  Relative Intensity. (X) Assignmentt*)

454 25 3.8 27.5 23 [M*3H»S042-)"

398 76 59 71 111 [M*H*C*CH20I*

368 100.0 45.0 33.9 68.2

356 66.6 100.0 100.0 100.0

339 75 7.2 101 75

314 54 8.6 131 18.2 IM*H-NH2CN1*

299 24 40 6.6 46 IfWfOtsNsJ*

297 7.9 10.4 17.7 10.4 IM»1H#12C(:NH)NH2J*

283 6.9 6.4 112 6.5 IM*)H«2CENH)NH2(O12)I*

269 42 46 8.9 52 IM*H-NH2C(:NH)KI2(CH2)2I*

255 42 5.4 81 57 (fWHt2C(:NH)NH2(CH2)3I*

241 42 42 7.3 45 th*H-NH2C(:tol)NH2((3f2)43"

227 3.9 3.8 6.6 53 OiH-NH2C(:NH)NH2((JI2)5l*

213 70 6.9 111 8.2 [M«H-NH2C(:NH)NH2(CH2)6]*

199  25.7 19.3 27.5 241  tM*H-NH2C(JFL)NH2(CH2)7I*

185 181 25.7 IM*H-NH2C(:NH)NH2(CH2)8]*

170 2.1 243 40.4 25.9 [M«H il 2CNH)NH2(O I2)aNH]"

156 17.2 185 26.2 20.6 (FHH*I2C(MtINH2((312)srtK(312)]"
142 108 11.7 19.5 13.4 IM*H-NH2C(NH)NH2<CH2)eNH(CH2)21*
128  17.3 16.3 26.6 19.4 Ih*H-tol2C(:NH)NH2((il2)8NH(CH2>3]*
114  13.0 146 225 165 [h*H-NH2C(M1)NH2(CH2)8NH((3%)4]*
100 158 iai 29.5 19.7 (M*H-NHZC (M DNH2(CH2)BNH(CH2)s "
86  23.4 27.6 41.7 28.8 (M«H-NH2CG:NH)NH2(CH2)SNH((>126]*

(a) Exp. 427.3. p. 54 (first procedure)

(b) Exp. 427.3, p. 54 (second procedure)

(c) Exp. 427.4, p. 55 (barium acetate method)

(d) Exp. 426, p. 57 (.“methylisothlouronlum acetate method); m/z 454
(23X) might possibly result from sulphate contamination

(&) n - NH2C(;MH)NH(CH2)BNH((3(2)BNHC(;NH)NH2
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the matrix a dramatic regeneration of the 368 peak was observed and this
seems to confirm that under the previous FAB conditions, molecular or
lonic species of m/z 355 or 356 undergo condensation with (presumably)
H2CO originating from the glycerol matrix. The FAB spectra of both
samples showed peaks at m/z 178.5, but no triply-charged
species were observed. In addition [2M«H]* at m/z 711 was observed. In
the presence of H2CO a doubly charged condensation product (M«l2«2H p*
at m/z 1845 was also present

Several different routes of fragmentation might occur from the base
peak which follows the same pattern as that for the sesquisulphate and
sesquicarbonate described previously (See p. 111).

Figure 25 and Table 21, for the mixture of guanidated triamline
acetates, obtained from pure trtamline and cyanamide (Exp. 424, p. 51),
show [n«HI™ lons at m/z 398 (45X). 356 (79X) and 314 (37 » correspond-
ing to the compounds GG6-A, GN6-A or GGN-A, and GNN-A or NGN-A re-
spectively. Such lons arise from a number of different possible struc-
tures depending on the site of protonation of the bases and also In the
case of the GN6-A or G(3N-A and GNN-A or NGN-A con“xments, on the lo-
cation of the guanidine structure In the molecule. Several routes of frag-
mentation might occur which are very complex and difficult to show
schematically and It Is also difficult to Identify all the prominent peaks.

Table 21 shows tentatively some of the probable assignments for the
prominent peaks that arise during the fragmentation which starts with
Initial loss of ammonia (1), cyanamide (2), (313N3 (3), or guanidine (4), or
by cleavage of the various carbon-carbon or carbon-nitrogen bonds along
the octamethylene chain (with hydrogen transfer). The peak at 368 O0X)
which Is also present for this mixture has the same explanation as stated

before and has not been Included in the Table.



The presence of the peak at m/z 398 (relative Intensity 4SX) In the
mixture of guantdated triamlne acetates, Is assigned to the protonated
trtguanidated triamlne compound (GG6). This compound was also
confirmed through carbon-13 results (Table 14, p. 104; 1:6) which
have shown the presence of a chemical shift at 158.3 ppm due to the
carbon that had been Introduced by amidinatlon of the central nitrogen of
the molecule.

The GN6-S compound also exhibited a weak peak at m/z 398 (relative
intensity 2«) (Table 19, p. 112) which might also be due to the
triguanidated compound (GG6). This result Indicates that the previous
statement (See page 108) that ,"methyllsothlouronlum sulphate does not
produce such compounds (GG6) may not be completely correct The results
of carbon-13 rm for GN6-S imply that amidinatlon at the central
nitrogen of the molecule does not occur under these conditions (Table 15,
p. 105). It Is clearly Important to use both techniques: carbon-13 NMR and
FAB/ns, when the Identifications of such compound are to be made.

Fast Atom Bombardment (FAB) Mass Spectra for the commercial
guazatine (70IC; 670) were also obtained. Table 22 shows the prominent
peaks from m/z 356 and higher that arise during the fragmentation, with
probable assignments which follow the same features as stated before.
Some representative peaks which are thought to be due to derivatives of
the tetramine appeared in the sample 670 with very small Intensities at
m/z 567 (1.6S), 525 (2111), and 483 (1.8IC) corresponding to 6666, 666N
or 66N6, and 66NN or 6N6N or N66N or 6NN6, respectively. Several
different routes of fragmentation might occur from these lons but they
are complex to show schematically and to Identify all the prominent peaks
In these spectra would be difficult The main peaks can be deduced from

the previous Tables (19,20, and, mainly 21).
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H2N~ /N\H

H2N, F
AC-NH<CH2)8-N-(CH2)eNH-C m/z398 or
H2NA NH2
H2N ,j./"NH2
HN. ,NH
"c-NH(CH2 )« -~ (CH2 38NH-C f m/z396 and
H2N ' NH2
"HzH NH
C - NH(CH2)8NH (CH2)8 NH- C. m/z356 or
H2N" NH2
, H2N,.NH
H2N V
C-NH(CH2)8-N - (CH2)8NH2 m/z3S6 or
HoNA
H2fk .,NH2
HN, f
"C-NH(CH2)8-N - (CH2>8NH2 m/z356 and
H2N
H2NY,
€-NH(CH2)8NH(CH2)8NH2 m/z314 or
H2NA
H2N(CH2) r N-(CH2)8NH2 m/z314

- (DNH3 (2)NH2CN (3)CH3N3

(ANH2C(:NH)NH2  (5) NH 2 C(:NH)»« 2<CH 2);..

Hfart 2S. The posittve ton FAB/ns fragmentation of a mixture of
guantdated amine acetate represented mainly Py G66-A,

GN6-A or 6GN-A and GNN-A or NGN-A compounds.
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Tafela 21. The positive ton FAB/nS data for a mixture of guanldated

Peak R.1. Possible Assignment

(my2) (<)

454  _

396 45 HGHOH2)ENC(NHNH2(CH2)86 or
6(CH2 )BNC(NF2NH2 (CH2)86

381 4 HE*(COH2)BNCINHINH2(CH2)BNHON or
H5*(CH2)sN(CNXCH2)86 or
GOH2)sNOENH2 «NH2(CH2 )aNHON

356 79 HBMOHR)EBNC(NHINH2(CH2 )aNH2 or
HGVICH2 )JaNH(CH2)86 or
GOH)BNOINF2 N2 (C-2)8N-2

341 12 HGMCH2)sNCGNH)NH2(CHR)7CH3 or
6(CH2)eNCENH2 *)NH2(CHR) 7CH3

339 21 HEMCH2)sNH(CH2)8NHIN or
He*(CH2)BNCN(CH2)8NH2 or
NF2(CH2 )BNCENFRYNH2(CH2 )BNHON or
Hs MOH2 )aNC(NHINH2(CH2 )6CH-CH2 or
GCH2)BNO(NH2*M 12(CH2)6CH-CH2

327 16 HEMCH2)sNCCNHNH2(CH2)6CH3 or
6(CH2)BNOINHR«NH2 (CH2)8CH3

325 13 HEMCH2)eNC(NHVIH(CHR2)5CH-CH2 or
G(CH2)sNO(NH2*)f«2(CH2)5CH-CH2

324 8 HOEMCH2sNON(CH2)7GH3 or
CHs (CH2)NCENHR2 « MH2<GH2 JaNHON

322 7 H6"CH2)sNON(GH2)6CHCH2 or
CH2-CH(CH2)BNCENH2 ¥NH2 (CH2)8NHON

314 37 HEMCOHR2)BNH(CH2)8NH2 or
NH<CH2)BNCEMR AN (CH2 )BNH2

311 17  HECH2)BNC(MA)NH2(CH2)ACHCH2 or
«CH 2)8NC(:NH2* )NH2(CH2>eCH-CH2

310 28 HEMCH2)sNON(CH2)6CH3 or
NONH(CH2)BNC(M2«INHzCOtDsCHs or

308 9 HBMCOHR)sNON(GHR)sCH-CH2 or
CH2-CH(CH2)5NCENH2HNH2(CH2 JaNHIN

299 14 HGYCH2sNH(CH2)7TCH3 or

Vil



Tafelt 21. coot

CHB(OHD)INCENHRANHR(CH2)BNHR

207 30 H5*(CH2#NHOH)BCHCH?

294

285

284
283

282
280

269

268
266

255

254
252

241

6

20

23
18

17

13

13

10

10

CH2<H(CH2)BNO(NH INFR<CHR )N
HBVICH2)SNC(NH)NH2(CH2)3CHCH?
«CH2)BNO(NH2*INH2(CH2)5CH<H2

HE*(CH2>eNCN CHZfCH-CHZ
CH2§CH(CH2)"(;$\IH INH2(CH2)8NHCN
CH3(CH2)BNCINH2 HNHR(CH2 )aNH2
CH3(CH2>7C(NH2*)NH2(CH2hCH3
CH2<H(CH2)BNOCNFR»)NH2(CH2 )aNH2
HEMCH2)SNC(NH)NH2(CH2)20KH2
«CH2)eNC(INH2*NH2(CH2)20K H 2
CH2-CH(CH2)GNC(NHZ*)NH2(CH2) 7CH3

Hs MCH2 )aNOM(CH2 )3CH-CH2
CH2-CH(CH2)3NC{:NH2*)NH2(CH2)eNHCN
OR-CH(CH2)BNC(NHZ2*)NH2(CH2)6CHCH2
HGNCH2)8NH(CH2)40KH2

Hs MCH2)BNC(NH)x@CH2CH<H?2
CH2-CH(CH2)4NC(:NH2*)NH2<CH2)8NH2
G(CH2)BNCINH2*NHRCH2CH-CH2
CH2-CH(CH2)SNC(NH2YNH2(CH2)7CH3
HG*(CH2)BNCN(CH2)2CH<H2
CH2-CH(CH2)2NC(:NH2*)px2(CH2)al«CN

0 2<M(CH2)5NC(NH2*INH2(CH2)BCH<H?2
HENCH2)«NH(CH2)3CHKJI2
HE*(CH2)SNC(NH)NH2CH<H2
CH2-CH(CH2)3NC(:NH2*)NH2(CH2)oNH2
«CH2)8NC(rtl2 )NHCH-CH2
CH2-CH(CH2)ANC(NH2*INH2(CH2) 7CH3

Hs MCH2 )BNON(CH2 )CH-CH2
CH2-CH(CH2)NC(:NH2* )NH2(CH2)i NHCN
CH2-CH(CH2)\(:NH2*)NH2(CH2)6CH-CH2
HGXCH2 NH(CH2 )2CH<H2

CH2-CH(CH2 2NCENFR2 *)»e2(CH2 )l « 2
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TaMa 21. cont

240
238

227

226
224
213

212
210
199
198
196
185
182
170
168
156
154
142
140
128
126
114
112
100

86

7
8

8

10
8
16

13
10
15
12
10
34
12
70
24
47
14
38
14
48
16
36
14
35
57

CH2-CH(CH2)3NC(NH2* NH2(CH2) 7CH3
H5MCH2)eNCNCHCH?

CH2-CHNC(i <42*)NH2(CH2)8NHIN
CH2-CH(CH2)3NC{r2 " p»<2(CH2 )6CH<H2
Ho*(CH2 ) BNHOH X >KH 2
CH2-CH(CH2)NC(r«2*3NH2(CH2)8»<2
CH2CH(CH2)2NC(NHZ*)NH2(CH2) 7CH3
CH2-CH(CH2 PNCENFR*INH2 (CH2 )6CH<H2
Ho *(CH2 JaNHCH<H2
CH2-CHNC(NH2*)NH2(CH2)8NH2
CH2-CH(CH2)NC(;NHZ*WI2(CH2)7CH3
CH2-CH(CH2)NC(:r2*NH2(CH2)6CH<H2
Ho*(CH2)eN-CH2

CH2-CHNC( INH2(CH2)7CH
CH2<HNC(NH2*)NH2(CH2))6CH-CH2
HG*(CH2)tCHINH

CHR-CHNC(NH2 *)NH2(CH2)5CH<H2
H6*(CH2)6CH-CH2
CH2-CHNC(NH2*)NH2(CH2)40«H2
H6*(CH2)50KH2
CH2<HNC(:NHZ*)NH2(CH2)3CH<H2
HEMCH?2
CH2-CHNC(NH2*NH2(CH2)2CH-CH2
HG*(CH2)3CHCH2
CH2<HNC(:»«2*)NH2(CH2)CH-CH2
HG*(CH2)2CHCH2

CH2-Ot<C(NHZ* )»«2CH<H2

HGVICH2 )CHCH2

HG*CH<H2

(@) G- NC(NH)NH-.
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TT Thn poaitiv* ton FAB/MS data for commercial ouazatint (70«)
Peak Rel. Intens. Assignment™)

567 16  [CH«(CH2)BNCGNHNH2(CH2)BNCNH)NH2(CH2)BNHE]
I(K(>12)INC(:NH2* NH2(CH2)ENC(NH)NH2(CH2)8NH6L
525 21 (GHYCII2)aNCENHNH2(G42BNC(NHNH2(CH2)ANH2! or
[«CH2)EeNC(NH29NH2(CW2)SNC(:NH)NH2(CH2)Bk2I - or
IG(CH2)SNC{:NH)NH2( & i 2)SNC(:NH2ANH2((J12)8\H2I - oF

o
=

(GHMCH2)SNC(;NH)NH2(CH2)8NH(0I2)86] or
t«CH2)8NC(:NH2*)NH2(CH2)8NH(CH2)88I or
[G(CH2)BNC(;NH)NH2(CH2)8NH(CH2)8GH|

483 18 [GHVCH2)8K(:NH)NH2(CH2)8NH(CH2)8NHZ] or
[6(CH2)8NC(:NH2*)NH2(CH2)8NH(CH2)8"*"] or
[6H(CH2)8 NH(CH2)SNC(:NH)NH2(CH2)8NHZ] or
(6((>12)8 NH(OI2)BNC(;NH2*)NH2((»2)8)*(2l or
[6H«(CH2)BNH(CH2)SNH(CH2)361 or
[NH2(0 (2)aNC(:NH2*)NH2(CH2)8NC(;NH)ftI2(CH2)8M 121

398 249 [GHVI(>2)BNC(:NH)NH2(CH2)861 or
IG(CH2)BNC(:NH2*INH2(CH2)8G1

368 6.6 i356H2)

356 20.0 [GHMOI2)8NH(CH2)86] or
[GHCH2)BNC(:NH)NH2((»2)8NH2] or
I6(CH2)BNC(:NH2*)f#12(0 12)8» « 2} or

a) 6 - NHCNHNH2;.eH* - NHCNFR*NH2

The Fast Atom Bombardment (FAB) Mass Spectrum was also obUlned
for the fungicide dodine and the results are shown in Table 23 and Figure
26.

The expected m/z 228 lon, [M*H]* was obUlned as the base peak.
Fragmentation of the carbon chain occurs with the loss of hydrocarbon
fragments (I<3(CH2)n(J<3(n - O to 8) to give a series of weak peaks sepa-
rated by 14 mass units from m/z 198 down to 86.
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Peak Pel. Int. Assignment!*)

(m/2) 1%

228 100.0

198 1.3 IMAH- C2He)*
184 16 (M*H- C3H«l*
170 15 IM*H- CeHiol*
156 1.4 («4 H- CeHi2)*
142 18 [M*H- CeHul*
128 18 IM*H- CtHis I*
114 16 IM*H- CsHiel*
100 16 IM*H-C9H20l*
86 3.2 [M*H-CioH22h

a) M = CH3(CH2)i i NHCCNH2*NH2 .

//NH2
CH3- (CH2)n ~ NH-C m/z228

ANH2

- CH3 (CH2>nCH3 (n-0to08)

/.NH2
CH2=CH-(CH2)8-NH-C" m/z19e
NH2
ANH 2
CH2=CH-NH-C m/z86
‘NH2

Flfw « 21 The positive lon FAB/nS fragmentation of the fungicide dodine.
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An Important feature of the fragmentation process of guanidine
compounds was that the positive charge remained on the nltrogen-con-
talning fragment.

Reacting bls-(8-guanldino-octyl)amine sesqulcartionate ( obtained
through experiment 427.3, p. 54), with cyanamide In a molar ratio of
(1:2), respectively, an attempt to obtain the triguanidated compound (GGG-
A) was made (See exp. 429, p. 58). The resultant product was
characterized by carbon-13 fTR and Its results are shown in Table 24

The chemical shift at 158.8 ppm from Table 24 clearly shows that the
amidinatlon of the central nitrogen of the molecule of GNG-C was ob-
tained and consequently the trlguarvidated product (6G6-A) was produced.
The same results also show that the resultant proAict Is a mixture of

others components besides the GG6-A compound.

TaMt 24 Carbon-13 NMR chemical shifts (8) of a probable (3G6-A

CQITIDQUNd -
25.4 25272 1
28.6 70219 2
29.5 20647 3
30.8 53058 4
31.1 49819 5
31.3 40131 6
442 34929 8
50.5 13083 9
51.8 15038 10

158.8 5546 12

159.9 13464 13

1829 17554 14
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In order to compare the reactions of cyanamtde and of
52ethy Itsotntourontum sulphate with a secondary amino group (such as
the central nitrogen of the trlamine), dk/”~octylamle was separately

treated with both reagents as shown In Figures 27 and 28. respectively.

CH3((J12)7NH(CH2)CH3 NH201
(34)
H2NA
Cc
CH3((i(2)7-N-((J12)70(3 (i"sCO0 (35)

Ft]W« 27. Reaction scheme for the preparation of d1-/"octylguanldinium
Ketate, via cyanamide.

CH3((i(2)7TNH(CH2)0I3 ~ ICH3-S-(rNH LA SO0/
(34)
H2NA
C
[(i13(CH2)7-N-((112)7(3(312 sS04 (36)

Flfw« 2t. Reaction scheme for the attempted preparation of dI-/H>ctyl-

guanldinlum sulphate, via .~methyllsothlouronlum sulphate.

Oln /"octylamlne. its sulphate and the resulting product from Figure 27

(dl-/hoctylguanldinlum acetate) were analysed by carbon-13 MIR and the
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results are shown In Tables 25 and 26.
To facilitate the assignment of chemical shifts in the amidinated
product the carbon atoms for dl-/~octylamlne, Its sulphate and dI-/*

octylguanidinlum acetate were numbered as follows;

CH3-C-C-C-C-C-C-C-NH-C-C-C-C-C-C-C-CH3 (34)
I 2745 36 8 86354 72 1

ICH3-C-C-C-C-C-C-C-NH2"-C-C-C-C-C-C-C-CH312 SD42- (37)
| 2745368 863 54 721

H2N,

CH3-C-C-C-C-C-C-C-N-C-C-C-C-C-C-C-(3(3  (3(3(X)0 (35)
| 2745368 86354721 10 11

The assignments from Table 25 for dI-/fAtylamIne were according to
Eggert and the same assignments were also used for the sulphate
(Table 25) and dI-/~octylguanldinlum acetate (Table 26).

The chemical shift for (J<2 adjacent to nitrogen is at slightly higher
field for the dI-/?~tylamIne than for the corresponding ammonium and
guanidinlum salts in this case. The solvent system Is however different
and the overall molecular structure may also have an effect

The reaction with 5methyllsothlouronlum sulphate (Figure 28) dKfnot
give the desired product Carbon-13 It« showed no evidence for the

amidinated compound with chemical shift around 158.0 ppm.



Takta 25. Cartx>n-13 NMR chemical shifts «) of (ll-/~octylamine and

Its sulDhate.

Amine(«l Amine<6) Sulphate™)  Assignment
xmnml Intims  «(onm) Intens. a(ppm) intens. (CNO.) )
142 142 839 16.7 10052 1
23.0 — 229 3174 25.3 10588 2
27.8 _ 27.7 4172 28.8 11475 3
29.8 29.6 5296 _ 4
299 — 29.9 4841 5
30.1 30.6 4411 31.6 14692 6
323 _ 322 4269 344 9604 7
50.4 50.4 3929 521 4495 8

a) From literature (in CeOe)
b) Amine (In COCI3)
C) Sulphate (In D2504/H2504)

12t. Cart)on-13 NMR chemical shifts (S) of dt>/?"*tylguanldinlum

143 12485 1
23.4 14712 2
27.0 7452 10
27.3 10358 3
28.3 7992 4
29.9 15820 5
327 11261 6
48.9 9897 7
521 1727 8
157.6 1998 9
178.9 2457 11
a) in CO300.
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Fast Atom Bomt)ardment(FAB) Mass Spectra for dt-/”octy)amlne and

Its acetate were also obtained and tne results are shown In Table 27 and

Figure 29.
CH3(CH2)7NH2 (»12)7013 m/Z 242
- CH4
0(2-01 (012)5 NH2*(0 12)7CH3 n/z226
-0 (4
CH2= 0((CH2)5NH2*(CH2)5CH=0(2 m/z210

Fifara 29. The positive ion FAB/MS fragmentation of dt-/~octylamtne and

Its acetate.

The expected m/z 2 « lon, for dI-/hoctylamlIne and Its acetate
was obtained In each case. The fragmentation scheme (Figure 29) is not
completely clear but appears to involve loss of two molecules of methane
Initially. Other fragmentation Involving losses of additional (” units

give lons such as the following;

(i(2-OHI@)M -NH2»-(0(2)n-0(-0(2

from m/z 210 (m»5, n-5) down to m/z 70 (m -n”)
The lon at m/z 14 may be formed by cleavage p to the N atom with H

transfer as follows:
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H H

CH3(CH2)7-J]; C\(CH2>6CH3 m/z242
H H
013(012)7- NH=CH2 ' 013(012)5 CH3
m/Z 142 m/Z 1%

And the ion at m/z 128 by cleavage a to the N atom with H transfer as

follows:
H H
CH3(CH2)5-~-N\(CH2)7 013 m/z 242
H H
OI3(CH2)5-CH = NH2 ' CgH)#
m/z 128 m/z 114

An additional peak at m/z 254 appeared In the spectra for both d1-/*
octylamlne and Its acetate (relative Intensity variable depending on the
matrix used) and might be due to the formation of an Imtntum lon as de-
scribed previously (See Figure 7, p. 83), when the sample reacts with
formaldehyde originated from the matrix ( glycerol). When formaldehyde
was also added the peak at m/z 254, [M«H« 12]*, was intensified and In the
case of dl-/~octylamine became the base peak (100.01C). Therefore these
results confirmed the results obtained previously for the peak (M«H«I2)*
in the case of guazatine ( See p. Il6),and are similar to
those obtained by Lehmann tt and Pang tt $. in the case of

primary amino compounds.
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27. The positive lon FA8/MS data of dI-/~xtylamIne and Its

Peak Relative intensltytX) Assignment”¥)
(m/2) Am.(*) AC.W Am.(® Ac.(e) AC.i0)

354 105 01 0.8 01 12
352 252 02 28 0.3 0.6
254 30.6 23 1000 49.6 100.0

242 100.0 100.0 100.0 33.1

240 434 956 2.4 80 123

226 38 __ 37 31 102  trwHCH4h

210 23 __ mm 26

196 27 12 12 23 (MAHHE)2(»2r*

162 32 __ 16 11 2.5 IM»H{O4)2(CH2>2r*

168 6.9 1.4 Il 3.0  (MHHCHA)2(CH)3*
154 7.4 16.5 6.4 135  (MH{CH4)2(CH2)4r*
142 173 11.1 14 104 251 (<« HCH3(CH2)5CH3M
140 74 __ 20 2.4 46 IMMH{CHA)2(CH2)S*
128 25 20 15 3.8  IMsHCH3(CH2)6(3I3
126 23 18 12 26 IFWH(>14)2(CH2)6*
112 2.3 20 2.4 3.4 (MH{(OM)2<CH2)7F
96 3.8 2.4 12 42 (hhH<(K)2CH2)8M*
84 5.3 28 18 5.8  IMHH{CHA2(CH)ON
70 76 14 20 24 6.8  IM*H{CH4)2((if2)l0r*
69 130 2.7 27 42 9.4

a) [mMHI* - CH3(CH2)TNH2MCH2)7CH3

b) With glycerol (Am.- Amine, Ac- Acetate)

c) With glycerol/formaldehyde

d) With glycerol/formaldehyde and Increased time.
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Acetylacetone (38) was used as a derlvatlzatton reagent to convert the
synthesized guanidine compounds into stable and volatile derivatives to
ensure successful gas chromatographic analysis.

Guanidine hydrochloride (39) was first condensed with acetylacetone
following the method of Palaltis and Curran™«, as shown in Figure 30.

T>e acetylacetone derivative of guanidine hydrochirorlde, 2-amlino-
4,6-dimethylpyrimldine, (40) was characterized by microanalysis,

carbon-13 NMR and low resolution mass spectrometry.

/N 2 NaOH
NHj-c' Cl' + (3BMCH2(»CH3 -
(39) \H; (€3]

NH2

X

Vo
CHj-C C-CH3 NaCl 3H20
“@ H

FI| M« St. Reaction scheme for the preparation of 2-amIno-4,6-dimethyl-

pyrimlidine.

In order to assign the chemical shifts the carbon atoms were numbered

as follows:
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(40)

Table 28 shows the results obtained for the acetylacetooe derivative
of guwldine hycTochlorlde run in CDCOM and the results obtained by
Palaitis and Currants

Compxing the results In Table 28, it is clear that the derivative was
obtained. The result was also confirmed by electron impact mass spec-
trometry which showed the presence of the molecuir ion at m/z 123

(100H) and a fragment lon at m/z 108 (6.4*), due to loss of methyl.

TaMt 2t. CaDon-13 It« chemical shifts (« of acetylacetone
derivative of guanidine hydrochloride, 2-amino-4,6-

dimethvl-ilyrimlidine

Derivative Obtained  Derivative Literature Assignment
S(tnm) (V) P—
23.7 23.6 1
110.5 110.3 2
163.2 163.0 3
167.9 167.7 4
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It was expecttd ttuit the acetylacetone derivative of dodtne would be

obtained by the reaction shown tn Figure 3 1.

XNH? - NbOH
CH3-(CH2)ii-NH-C~ CH3CO0O & CH3COCH2COCH3 -—-——-
NH2
CH3(CH2),,NH
CH3-C C-CH3 CH3COONa 3H20

@) H

wn SI. Reaction scheme for the preparation of dodlne/acetylacetone

derivative.

The derivative (41) could not be obtained tn a pure form but was
characterized by low resolution mass spectrometric analysis which
showed the presence of the molecular ion at m/z 291, {MI (128X) and the
fragments at m/z 207 (19.0%), 192 (15.8«), 178 (128«), 150 (18.3%), 149
(746%), 137 (641*%), 136 (100.0%), 123 (59.9*%), 108 (9.6%), 83 (13.0%),
69 (13.5%), and 56 (38.5*), which are the prominent features of the mass
spectrum of the derivative. (Results for 4 and 20 hours of reaction did not

differ).



n tferIMttM

Th« acetylacetone derivative (42) of 1,8-dtguantdlno-octane was pre-
pared from the sulphate by the reaction shown In Figure 32, and was
characterized by mlcroanalysls, carbon-13 NMR and low resolution mass

spectrometrtc analysis. In this case a pure product was obtained.

2- 2N
C-NH-(CH,)«x-NH-C S04 + 2 (i(3IMCH2COCH3 ----------
H2N' NH2

CH3-CA AC-NH-(CH2)s-NH-CA*  C-0ij ¢+ Na2s04
« 5H20
(42)
FlJw« 32. Reaction scheme for the preparation of 1,8-dtguantdino-

octane/ acetylacetone derivative, from the sulphate (66-5/AA).

Table 29 shows the carbon-13 data for a 66-S/AA derivative run in

COCI3.

In order to assign the chemical shifts the carbon atoms were numbered

as follows:
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| 4 e

2/ A" a 2

O L
CHj-C  C-NH-C-C-C-C-C-C-C-C-NH-C  C-CH3 42)
1 4 3 87655678 3 4 1

TaMt 28 Carbon-13 NMR chemical shifts «) for the acetylacetone

darlvatlveof i n-«iniiaini<iinft-fictane aulnhate.

a(Dom) Intensity Assignment (C No.)
23.8 90950 1
26.9 77699 5
29.3 89837 6
29.7 78615 7
41.4 81915 8
109.4 90546 2
1622 23002 3
167.4 64545 4

Th* chemical shifts for carbon atoms 1,2.3, and 4 were comparable to
those obtained for the Ketylacetone derivative of guanidine hydrochloride
(Table 28). whilst the chemical shifts for carbon atoms 5,6,7, and 8 ex-
hibited nearly the same range of values that were found for the central
chain of 1.8-dlguanidino-octane sulphate Itself (Table 6, p. 87). This new
compound was further Identified by microanalysis and by the mass spec-
trométrie results which clearly showed the presence of the molecular ion
at m/z 356, N *. (26.5X) and fragment lons at m/z 234 (146X), 220
(43.2«), 206 (17.0«). 192(23.4«). 178(18.2«), 164(122«), 150(58.8«),

137



136 (100.0U). 123 (66.6*), and) 08 (13.1*). as shown tn Figure 33.
Fragmentation occurs with the loss of one pyrimidine ring attached to

NH(CH2)n (n-0 to 7) to give a series of peaks separated by 14 units from

m/2 234 down to 136.

C-NH-(CH2)j -NH-CA» m/2 356

- (>lt-C C-W-(CH2), (n-0t07)

(iHs

N C-H
[
-C

CH2= NH c-(i(3 m/2 136

FIfiw 33. The electron impact mass spectrometry fragmentation of

i,8-diguanidino-octane/acetylacetone derivative.



7-muFiMiMccmicniNiufm)miMmamiN

Kobayasht et have described the preparation of the hexafluo-
roacetylacetone derivative of bk-<8-guanldino-octyl)amlne for the de-
termination of residue levels of this guanidine In rice grain.

Following the method of Kobayashi hexafluoroacetylacetone
(43) was also used in the present work as a derivatizatlon reagent to con-
vert the various synthesized guanidine compounds into stable and volatile

derivatives to enable gas chromatographic analysis to be carried out

7.1-1,

7.1.1- 1

The hexafluoroacetylacetone derivative of 1,8-dlguanldino-octane was
obtained from the sulphate through the reaction shown In Figure 34

The Identity of this new derivative (44) was confirmed by high resolu-
tion mass spectrometry for which the results are shown In Table 30. The
molecular ion confirmed the elemental composition of the molecule and
other prominent peaks appeared at m/z 552 (7.6*), IM-HFI*, 532 (28.3%),
tn-2tf]*, 244 (100.0%*), IM-328]», and 224 (5.5%), IM-3481*,

revealing that the desired derivative was obtained.
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NA NH2* 2- 2 NaHCO03
'C-NH-(CH2)8-NH-C S04 + 2CF3COCH2COCF3 ----------
H2N NH2
17
QFS
./s
N C-H

1 1
CF3-C  C-NH-(CH2)j-NH-C C-CF3 ¢ Na2S04 ¢ 2H2CO3

(3G-S/HFAA (44) v 4H20

M Reaction scheme for the preparation of I,8-diguanldino-

octane/hexafluoroacetylacetone derivative, from the sulphate.

The strong peak at m/z 244 indicates the presence of the pyrimidine

ring and adjacent NHCH2 group.

?FB
C
S
H-
L
CF3-C C-NH=CH2 m/z244

The fragment lon peaks at m/z 552 and 532 were considered to be pro-
duced by loss of HF and 2HF, respectively.
The HFAA derivative also exhibited a peak at m/z 224 which may have

the structure shown below.
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f

/C
|

\Cn /C-ftI=CH2

?FS
C

Il

N

m/z224

Sf. Mass spectral data and elemental composition of lons for the

hexafluoroacetylacetone derivative of |,6>dlguanidlno-octane

Exact liass
Observed

572.15497
552.14893
53214088
24403053
22402286

Elemental Formula Exact Mass

Cc H
20 20
20 19
20 18

7 4
7 3

N

6
6
6
3
3

F__

12

1

to
6
5

Calculated
57215688
552.15056
532.14424
24403149
22402517

7.1.2- PraptfiMwi ftnaa tiw tM Itte

Error R.l. Remarks
(mmu) (%)
0.8 7.6
0.6 28.3
2.4 35.6 Ih-2HF)™
0.4 100.0 IM-328J*
1.9 5.5 (M-3481*

The hexafluoroacetylacetone derwative of 1.8-dlguanidino-octane was

also obtained from the acetate by an analogous reaction as shown In

Figure 35.

The Identity of this derivative (45). which Is the same as that (44)

derived from the sulphate, was confirmed by low resolution mass spec-

trometry which showed the molecular ion at m/z 572 (20%), (MI*, and

other prominent peaks at m/z 552 (10.31), Ih-HF)*, 532 (15.6%*). IM-2HFJ*,

244 (100.0%), IM-3281*, and 224 (7.8%).
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The G6-A/HFAA derivative was also characterized by carbon-13 iM t

and the results are shown in Table 3 1. The spectra were run in CO300.

HjN. NH2*
"C-NH-(CH2B-NH-C*" 2 CH3COO & 2CF3COCH2COCF3
H2N NH2
2 NaHC03

CFg-C, ,C-NH-(CH2).-NH-C  C-CF3  + 2CH300OMa

66-VHFAA («) ¢+ 2H2C03 + 4H20

35. Reaction scheme for the preparation of 1,8-dlguanidino-

octane/hexafluoroacetylacetone derivative, from the acetate.

In order to assign the chemical shifts the carbon atoms were

numbered as follows:

H -

CFt-C  C-NH-C-C-C-C-C-C-C-C-NH-C ~ c-cf (45)
5 4 32112 34 7"n'b 5
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Title 31. Cart>on-I3 NMR chemical shifts (i) for the I,8-dlguani<Jino-

actant ar»taf/h»yanuoraac8tvlacgton* ttwlvatlw

Sfonm) Intensitv Alignment (C No.)
27.9 11362 1
30.0 16012 2
30.3 12918 3
42.4 10613 4
100.5 3639 5
100.7 4503 6
159.4 1857 7
164.4 1207 8

The assignments were made by analogy with the results for the
GG-S/AA derivative which are in Table 29.

The chemical shifts for carbon atoms 1,2,3, and 4 exhibited nearly the
same range of values that was found for the central chain of 1,8-dlguanl-
dIno-octane acetate Itself (Table 6, p. 87).

The iH NMR spectrum of the G6-A/HFAA derivative had a signal for the
pyrimidine ring proton at 7.1 ppm, and integration of this signal Indicated
the presence of two protons. Thus It was confirmed that the two guanidine
groups of 1,8-dlguanidino-octane acetate had reacted with HFAA to form

two pyrimidine rings as shown.

7J-1

The hexafluoroacetylacetone derivative of bis-(8-guanldino-octyl)
amine was obtained from the triacetate through the reaction shown In
Figure 36, and from the sesquicarbonate by the reaction shown In Figure

37.
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, //NH2
X-NH-(CH28- NHj * -(CH2)j-NH- 3 CH3C00
H2NA NH2

3 NaHCO 3
¢ 2CF3COCH2COCF3 e

CFt-C  C-W-(CH2)«-NH-(CH2B-NH-C  C-CF3
A GNG-A/HFAA (46)
¢ 3 H2C03 & 3CH3COONa & 4H20

1 Si. Reaction scDeme for the preparation of bls-<8-guanldino-octyl)
amlne/hexafluoroacetylacetone derivative, from the triacetate.

2—
(N J c-NH-(CHD)«NH -(CH28-NH-C I
2N NH2
6 NatCO 3
¢+ A4CF3(»CH2(»CF3
(v o

7CFr-C  C-NH-(CH2)8-NH-{CH2)8-NH-C  C-CJs
~ij

GNG-(7THFAA (47)
v 3 Na2Cc03 + 6 H2(»3 + 8H20

ra S7. Reaction scheme for the preparation of blS‘(8-guanldino-octyl)
amlIne/hexafluoroacetylacetone derivative, from the
sesqulcaitonate
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The dertvative In both cases was characterized by carbon-13 hWR and
the results are shown in Table 32. The spectra were run in CO300.
In order to assign the chemical shifts the carbon atoms of the deriva-

tive were numbered as follows:

3 3
CE3 CF3
4 C 6
H-C N Nog
cft-c c-NH-c-c-c-c-c-c-c-c-NH-c-c-c-c-c-c-c-c-m-c C
3 6 N 5 2 11 2.5 N (
(46 or 47)

TaM* Carbon-13 NMR chemical shifts («) of hexafluoroacetylacetone

GNG-A/HFAA(46)  GNB8-C/HFAA(47)

armiwnl IntMMItv  a(mm) tntensltv____ Assignment (C No.)
27.3 18547 27.8 54477 Central
27.6 20948 28.0 45214 carbon
27.8 18416 28.9 35722 chain
28.6 3820 30.0 57675 -
30.0 30893 30.2 58552 :’T’I
30.1 35141 30.3 53728
474 15886 474 37069 1
S0.2 45086 50.2 88425 2
100.7 7821 100.7 15336 3
128.5 3030 128.5 7198 4
159.4 3585 159.4 908 5
1644 1896 1645 6654 6
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Th« derivative was also characterized by low resolution mass spec-
trometry which showed in each case (GNG-A/HFAA and GNG-C/HFAA)
an ion at m/z 698 (3.1 or 45*), tM-Hj*. and other prominent peaks at m/z
679 (3.1 or 0*). [M-HFJ», 659 (7.6 or 3.9%), th-2HF]*, 371 (100.0 or
100.0%), (M-3281*, and 244 (28.1 or 49.5*), IM-4551*.

In the case of the acetate, high resolution mass spectrometry detected
the molecular lon at m/z 699, confirming the elemental composition of
the derivative. Confirmation of the composition of some of. the major

fragment lons was also obtained as shown In Table 33.

1S3. Mass spectral data and elemental composition of lons for the

hexafluoroacetylacetone derivative of bls-<8-guanldino-octyl)

Exact Mass Exact Mass  Error R.1.

Observed ¢ H N F Calculated (mm») («1 Remarks
699.29129 28 37 7 12 699.29298 0.6 22 IMIN
659.27925 28 35 7 10 659.28034 0.2 3.5 iM-arj*
455.26233 21 33 4 6 455.26149 -1.4 22 IM-244n7
371.16815 IS 21 4 6 371.16759 -1.1 100.0 (M-3281»
24402769 7 4 3 6 24403149 3.2 21.2 IM-4551*

The strong peak at m/z 371 was considered to be produced by C-C bond
cleavage between methylene groups, adjacent to the central nitrogen

atom.
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CfFS
C\
H-C N

CFt-C C-NH-(CH2)8~NH=CH?2 m/z371

The results agreed with those obtained by Sato et and Kobayashi et
j/55, for the derivative obtained from guazatine triacetate.

The "H If« spectrum of the 6N6-VHFAA derivative had a signal for
the pyrimidine ring proton at 7.1 ppm, and integration of this signal indi-
cated the presence of two protons. Thus It was confirmed that the two
guanidine youps of bls-(8-guanldino-octyl)amlIne triacetate had reacted

with hexafiuoroacetylacetone to form two pyrimidine rings as showa

77J3-1 tU:lZ)/lVM(

The hexafiuoroacetylacetone derivative of bls-(8-guanidino-octyl)
guanidine triacetate was obtained through the reaction shown in Flj*re
38.

The Identity of this derivative (48) was confirmed by low resolution
mass spectrometry which showed the fragment ions at m/z 585 (42.3S),
[11-3281%, 371 (45%). IM-5421*, 258 (1(X).0%), IM-6551~, and 244 (57.3%),
[M-6691*, which are the prominent features of the mass spectrum of the
derivative.

The fra”ent ion at m/z 585 indicates the presence of two pyrimidine
rings attached to nitrogen atoms separated by a Ca chain, thus confirming
that the original compound had guanidine groups at both the terminal and
central positions In the molecule.
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(CH2)e-NH-CA /-CF3

/ N m/z585
CFt-C /C-N = CH2

The hexafluoroacetylacetone derivative also exhibited a base peak at
m/2 258 which was considered to be produced by C-C bond cleavage be-

tween methylene groups and may have the structire shown below.

CF--C C-W-(CH2)2 m/z258

The lons at m/z 244 and 371 are assumed to be the same as those
shown earlier (pp. 140 and 147) In the case of 1,8-dlguanidino-octane and

the bls-<8-guanldino-octyiyamlne derivatives, respectively.
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.NH2
HjN T i,NH2
~C-NKCH2)e-N-(CH2)eNH-C' 3CH3CO0

H2N NH2

3NJHCO3
+ 3CF3COCH2COCF3
Cli F3

//s
N C-H

(CH2)i-NH-C  C-CF3

(CH2)e-"«-C C-CF,
N C-H

GGG-A/HFAA(48) o

Figure 38. Reaction scneme for the preparation of I.1-bls-fS-gum IdIno-

octyl)guanIdine/hexafluoroacetylacetone derivative.

7.4*1

The hexafluoroacetylacetone derivative of n-dodecylguinidine acetate

(dodine) w « obtained througi the reaction shown in Figure 39.

The Identity of this derivative (49) was confirmed by microanalysis

and by high resolution mass spectrometry which exhibited the molecular

ion and Its main fragments, as shown In Table 34, which are the prominent

features of the mass spectrum of the derivative. Such results also agree

with the results obtained by Newsome®o using another method of
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preparation.

The fragment ions at m/z 258 and m/z 244 (base peak) confirm the
presence of the pyrimidine ring as shown above.

Several other HFAA derivatives were made and they will be described

later In the gas-llquid chromatography section.

CH3-(CH2),,-NH-C~ (ilsCO0O (i 3COCH2COCF3
NH.

NaHCO 3

N C

-H
Il
CH3-(0I2)irNH-C  C-(J3 & OH0OONa ¢ 2H20

00dIne/HFAA(49) H 50

Flfwa n. Reaction scheme for the preparation of dodine/hexafluoro-

acetylacetone derivative.

Tafete M Mass spectral data and elemental composition of lons from

Exact Mass Elemental Form. ExactMass Error R.. Remarks
Observed r H N F Calculated (mfiHi) («)

399.20935 18 27 399.21147 16 37.5 (MI
273.06979 9 9 273.07062 0.3 144

258.04686 8 6 258.04714 -0.3 81 (M-(3I3(CH2)9I*
24403055 7 4 24403132 0.4 100.0 tn-CH3(CH2)ioJ*

o O OO

3
3
3
3
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SKCIMNnaVv

1.1- LCMIK/m Mim il If CMMMCM IMZaUM (7tX)

In order to obtain all probable hexafluoroacetylacetone derivatives
that could be formed from the various isomers present In cortMnerclal
guazatlne, a sample of the 70% aqueous solution was treated with hex-
afluoroacetylacetone reagent No attempt was made to isolate the mixed
derivatives In this case but the total solution as obtained was used di-
rectly for gas-chromatography.

Commercial guazattne (70%) Is thought to have the following composl-
tlon2l; NN-A  (0.56%), GN-A (5.95%), 66-A (15.40%), NNN-A
(0.14%), NNG-A (1.26%), N6N-A (0.63%), N66-A (6.02%), GNG-A (3.01%),
GG6-A (1491%), derivatives of higher ologomerlc amine (18.13%),
cyanoguanidine (3.99%), and water (30.00%). Therefore the following

derivatives might or might not be formed with hexafluoroacetylacetone;

(CH2>e

/-CF3 NN-VHFAA(50)
CH2



CFj

C
S

H-C N
CFj-C~A /-NH-(CH2>,-NH2 6N-A/HFAA(5))

CF,-C  C-NH-(CH2>.-NH-C  C-CF3 6G-A/HFAA («)

N h'
NH
(CH2)~ ~(CH2>8
t |
N N NNN-A/HFAA(52)
CF3-C
QFS
N C-H

NH2-(CH2)8-NH-(042)e-NH-C™  C-CFl  NNG-A/HFAA (53)
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?Fs

/s
N C-H

/(CH2)®-NH-CAA>CF3

\ 6GG-A/HFAA(48)
(CH2)e-NH G

Ci-CF}\

CF3

Diluted and concentrated samples of tne solution (In toluene) ob-
tained from the reaction of hexafluoroacetylacetone with commercial
guazatlne 70* (Exp. 7.9. p. 69) were Injected into the gas-llquld chro-
matograph in order to obtain a reference chromatogram showing a series
of standard peaks for these derivatives to be used as guide In the identifi-
cation of some components of guazatlne. The results are shown in Table
35 and the chromatograms In Figure 40 and 41, which will be described
later with the results for single derivatives.

Both samples were also analysed by GC/MS In the electron impact mode
and the results for a typical gas-chromatography/mass spectrum are

shown In Table 36 and Figure 42
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TiMa 35. Results of hexafluoroacetylacetone derivative of commercial

Peak No.  Retention Time (mla) Peak Height (cm)

(D i21 2. -

1 41 3.9 26 46

2 5.3 2.8

3 7.2 7.0 0.4 0.7

4 8.7 8.5 28 2.9

5 11.3 0.2

6 145 146 142 142

7 19.4 0.6 -

8 23.2 — 0.2 -

9 25.7 25.4 0.7 0.3
10 26.4 26.1 1.1 0.2
n 27.8 27.6 16 22
12 28.4 28.2 10 3.3
13 29.9 29.7 0.2 0.2
14 323 32.2 5.7 10.1

a) Results from four replicates
1) Diluted sample
2) Concentrated sample.
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Fifm  41. 6as-liqgutd chromatogram of hexafluoroacetylacetona

derivative of commercial guazatine 70S (diluted sample).
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m M« 41, 6as-ltquld chromatogram of hexafluoroacetylacetone

derivative of commercial guazatine 70* (cone sample).
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Tabte Si. Results for hexafluoroacetylacetone derivative of commercial

ffiMzacine t/u»j W olji u

Chromatogram peak Identifier no. Possible m/z (R.1.) DIl./Conc.
miut#dSol. roncentrated Sol.___ Assignments

303 683 NG/HFAA 244 ( 47.0/ 39.8)

224 ( 124/ 49)

337 773 G6/HFAA 552 ( 46/ 1.2)

532 ( 13.7/ 2.9)
244(100.0/100.0)
224( 13.1/ 140)
491 1130 NGG/HFAA 585 ( 16.4/ 0.0)
355 ( 20.0/ 0.0)
327 ( 16.4/ 0.0)
313 ( 16.4/ 0.0)
258(100.0/ 6.4)
244 ( 41.1/ 29)
207 ( 98.6/ 0.0)

_ 1143 6N6/HFAA 258 ( 0.0/ 344)
244( 0.0/ 141)
547 1217 GG6/HFAA 585 ( 129/ 3.6)

258(100.0/ 843)
244 ( 71.4/ 46.3)

The chromatogram peak (Identifier number 303 or 683) showed
prominent peaks In the mass spectra at m/z 244 (47.0 Or 39.8») and 224
(12.4 or 49») which shows It to be a hexafluoroacetylacetone derivative.
The shorter retention time »jggests that It is probably from the NG/HFAA
derivative formed from i-amlInol-8-guanlidino-octane.

The chromatogram peak (identifier number 337 or 773) showed
prominent peaks In the mass spectra which might have originated from

the 6G/HFAA derivative characterized previously (See pp. 139 and 141),
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and showed the same ions with the base peak at m/z 244.

The chromatogram peak (identifier number 491 or 1130) showed
prominent lons which Indicate that the compound may be the N66/7HFAA
derivative. The presence of two guanidine groups separated by an
octamethylene chain Is indicated by the fragment ion at m/z 585 (See p.

148) but the retention time Is too short for this derivative to have been

1t>> »n MM VSt IW

HfMra 42. Gas chromatography/mass spectra results for commercial

guazatlne 70« (concentrated sample).
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formed from 666. Peak (tdenttrter number 1143) showed prominent tons In
the mass spectrum as shown in Table 36. and the close retention time to
the N66/HFAA derivative refered to above suggests that it Is probably
from the 6N6/HFAA derivative. The expected ton at m/z 371 (See p. 147)
was not however seen under these conditions.

The last chromatogram peak (Identifier number 547 or 1217) showed
prominent peaks In the mass spectra as shown In Table 36. which are
similar to those for the 666/HFAA derivative characterized previously
(Seep. 147).

In order to obtain confirmation of the Identification of the various
peaks In the above chromatograms, comparison was made with hexafluo-
roacetylacetone derivatives that have been prepared separately from each

of the guanidines that were available.

MXMMIisit bfH/VM tfarlMtiM

A solution of 66/HFAA derivative that had been prepared (a) from the
sulphate or (b) from the acetate (See pp. 62 and 63) was made In toluene
and was Injected Into the 6LC A typical result Is shown In Figure 43.
which exhibits a peak with a retention time of 146 minutes and corre-
sponds to the peak number 6 from Table 35 and Figures 40 and 41.

A small quantity of the 66/HFAA derivative was also added to a
guazatine 70X/HFAA solution and Injected Into the 6LC; the resultant
chromatogram exhibited a larger peak height for the peak number 6 and

therefore Its Identity w » confirmed.
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Hl«ra 4S. Gas-llqutd ctromatogram of haxaftuoroacetylacetone

derivative of 1,8-dlguanldino-octane (G6/HFAA) (25 mg/ml).
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*J-MX m uiu af 8N8&/MMI «arIMtiM

A solution of 6NG/HFAA derivative that had been prepared (a) from the
acetate or (b) from the carbonate (See pp. 64 and 65) was made In toluene
and ethanol, respectively, and was Injected into the GLC. A typical result
Is shown In Figure 44, which exhibits a peak with a retention time of 28.2
minutes and corresponds to the peak number 12 from Table 35 and Figures
40and4l.

A small quantity of the GN6/HFAA derivative was also added to a
guazatine 70H/HFAA solution and Injected Into the GLC; the resultant
chromatogram exhibited a larger peak height for the peak number 12 and
therefore Its Identity was confirmed.

A development sample of 4% guazatine triacetate supplied by Murphy
Chemical Ltd., and prepared by the 5-methyllsothlouronlum sulphate
method from distilled triamlne (1970), was converted to the
hexafluoroacetylacetone derivative (G40/HFAA), In toluene, through
procedure 7.10 (See p. 70). GLC analysis gave the result shown In Figure
45 which exhibits a major peak (ca 85.5*, based on peak area) with a
retention time of 28.4 minutes corresponding to the peak number 12 from
Table 35 and Figures 40 and 41, and due to the GNG component as
previously Identified and shown In Figure 44

A small peak (cm 122*, based on peak area) also appeared In the
chromatogram with a retention time of 27.4 minutes corresponding to the
peak number 11 from Table 35 above which might be due to the GGN
component and will be described later for cyanamide proAJct/HFAA
derivatives. This result gives an Indication that with the
5-methylisothlouronlum sulphate method It may also be possible to obtain

guanidatlon to a small extent at the central nitrogen of the triamline
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molecule. It was Initially thought that such a reaction occurs only with
the cyanamlde method There was, however, no detectable amount of G66
component present.

A very small peak (cm 22% based on peak area) with a retention time
of 145 minutes (corresponding to the peak number 6 from Table 35) was
also present In the chromatogram and was (kje to the G6 component as
previously Ktentlfled by Figure 43. This result clearly shows that the
triamine used In the manufacture of guazatine 40* ((»40) by Murphy
Chemical Ltd contained a small residual Impurity of diamine in Its
compositloa When a derivatizatton of some precipitated material from
the bottle of guazatine (640) was made and Injected Into the GLC the new
chromatogram exhibited a more pronounced peak due to the GG/HFAA
derivative (peak number 6) Indicating the lower solubility of 66 acetate

compared to the 6N6 component
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FlJ«rt 44 6as-ltquld cN'omatogram of hexafluoroacetylaccton*

derivative of bls-(8-guanldino-octyl)amine (GNG/HFAA).
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Fifvri 4S. 6as-ltquid cfw”~atogram of hexafluoroacetylacetone
derlvattve of development sample of guazatine 40%

(G40/HFAA)
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In order to obtain Information or possible wsignments for other peaks
In the chromatogram of the hexafluoroacetylacetone derivative of com-
mercial guazatine (Figures 40 or 41), a number of preparations were car-
ried out from the pure trlamlne, with various molar ratios of cyanamlde
(21,1:1, 1:2, 1:3,1:6, and 1:12). These would be expected to give various
mixtures of the possible guanldatlon proAicts containing one, two, or
three guanidine groups per molecule.

In each case the toUl product In solution was converted to the hex-
afluoroacetylacetooe derivatives by the usual procedure and analysed by

(LC.

1.4- MC awaHilef ciawawm praiirt/WW

Samples of the solution obtained from the reaction of hexafluo-
roacetylacetorie with cyanamlde products (21 to 1:12) (Exp. 7.5.1 to 7.5.6,
pp. 65 to 68) were Injected into the 6LC and the results are shown In
Figures 46 to 51, respectively, which show the possible presence of GNN,
NGN (peaks 9 and 10), GGN (peak 11), GNG (peak 12), and GGG (peak 14)
hexafluoroacetylacetone derivatives. From earlier evidence (See p. 98)
that guanldatlon may be first at the central nitrogen atom, peak 9 Is ten-
tatively assigned to GNN, and peak 10 to NGN.

As the cyanamlde/triamIne ratio was Increased, the HFAA derivatives
showed the same main peaks but with change in their intensities as shown
In Figures 46 to 51. The relative proportion of mono-, dl-, and
triguanldated compounds based on peak area measurement also varied
from 625 to 0.0U, 36.0 to 3.0*, and 1.5 to 97.0%, respectively, when the

ratio was increased from 21 to 1:12
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FI|«ra 4t. Gas-1lquld chromatogram of hexafluoroacetylacetone

derivative of cyanamide proAtct (21).
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Flfwa 47. Gas-llgutd chromatogram of hexafluoroacetylacetona

derivative of cyanamtde product (t;i).



FIJw« 4t 6as-liqutd chromatogram of hexafluoroacetytacetone

derivative of cyanamide product (1;2).
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Flfvra 49. 6as-liquld chromatogram of hexafluoroacetylacetone

dertvattve of cyanamtde product ( 1:3).
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Flfw« 51. Gas-liquid chromatogram of hexafluoroacetylacatona

derivative of cyanamide product (1:6).
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Flfw« 51. Gas-ltquid ctv~atogram of hexafluoroacetylacetone

derivative of cyanamtde product (1:12).
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The max proportion of 6N6 «.0X) was obtained with a t.2 ratio
(Figure 48). Under these conditions a small amount of monoguanidated
derivatives (cat 10.0X) were seem to be present and a significant amount
of 666 (cat 35.0X) had also been formed. 666 became almost the exclusive
product (¢at 97.0X) when the ratio was increased to [; 12 (Figure 51).

At the smallest concentration of cyanamide, a 2:1 molar ratio of
triamlIne to cyanamide (Figure 46), there was still non-reacted triamine
present In the mixture which was-also derivatizated by HFAA and gave the

peak number 8 shown In the chromatogram of Figure 46.

t"6C/HS( lafi

The sample of hexafluoroacetylacetone derivative from the cyanamtde
product (1:1) reaction was also analysed by 6C/MS In the chemical
lonization mode after It had been evaporated to dryness and diluted with
dichloromethane to give a 10X solutloa

The chromatogram shown In Figures 40 or 41 was not duplicated under
chemical lonization conditions although a 25 m x 0.2 mm OV 101 WCOT
column was also used.

Under ammonia chemical lonization conditions with the Injector at
2500C there seems to be very little lonization taking place.

A splitless Injection of 0.5 |il with a programme of 2200C for 17 min-
utes, then 160(7mIn to 3000c and hold for 25 minutes was used with no
success of lonization. Even with a more concentrated sample very little

lonization was obtained.
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FIfwv 52. Gas chromatograptiy/mass spectra results for cyanamlde

product (1:1).
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At an injector temperature of 3000C more ionization occurred but.
there seemed to be also more decomposition (pyrolysis), giving a blast of
early pe*s In which some loos were In the region of interest, as well as
some later broad peaks as shown In Figure 52.

The only record of interest from these later peaks (Scan 1304) was the
lon at m/z 914 (Ct. 25%) which corresponds to the protonated 6G6/HFAA
derivative.

In addition, evidence for the formation of 666 compound was obtained
in the reaction of 6N6 with cyanamlde (Exp. 42.9, p. 58). The pnxkjct
yielded a hexafluoroacetylacetone derivative which was shown by 6LC to
contain 6N6,666, and an unidentified compound of longer retention time
(Figure 53). 6C/MS with ammonia chemical lonization confirmed both 6N6
and 666 by peaks at 700 and 914 (MH* peaks), respectively as shown In
Figure 54

The unidentified peaks seem to be of related compounds because they
showed prominent peaks at m/z 371 (16.8X) and 244 (30.6X) by 6C/MS In
the electron Impact mode, and m/z 355 (7.5*) by 6C/MS in the chemical

lonization mode.
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53. Gas-llQuid chromatofiTdin of hexafluoroacetylacetono

darlvatlve of a mixture of 6NG and GGG compounds.
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FIf«« 54 Gas chromatography/mass spectra results of HFAA derivative

of a mixture of 6N6 and 6GG compounds.
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Some untdentJfted peaks from Figure 40 or 41 still remala Some evi-
dence nas been obtained that hexafluoroacetylacetone derivatives of di-
amine and triamlne may be formed, as shown In Figures 55 and 56,

respectively, although the Identity of such derivatives Is unknowa

FiJ«ra 55. Gas-liguid chromatogram of hexafluoroacetylacetone

derivative of diamine.
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56. 6as"ltquld chromatogram of hexafluoroacetylaceton*

derivattve of triamlne.

The experimental trial to make an HFAA derivative of cyanoguanidine
(See Exp. 7.11, p. 71) showed no signal In the chromatogram. Lack of
reactivity m i*t be due to the strong electronegativity of nitrogen in the
cyano group that reduces the nucleophlliclty of the guanidine and

therefore, the cyanoguanldine/HFAA derivative (56) (See p. 153) is not
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obtained under these reaction conditions.
An experimental trial with the hexafluoroacetylacetone derivative of
dodine by 6LC was made following the procedures of Kobayashi «t

and Its results are shown in Figure 57. Similar results have been reported

elsewhere®®.

Flf<ra 57. 6as-ltquid chromatogram of hexafluoroacetylacetone

derivative of dodine.
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The main aim to use the method of extraction prepared by Kobayashl
et~/55 In the present work was to obtain some suitable conditions for
the establishment of a residue method of analysis of wheat plants for
guanidated  amine acetate compounds In the form of
hexafluoroacetylacetone derivatives.

Although a different type of sample from their work was used (they
used rice grain), an attempt In this programme of research was made.

Under the extraction procedure and chromatographic conditions
described earlier (See Exp. 8 and 9. respectively, pp. 72 and 74), the
control and treated wheat plants were analysed. Their chromatograms
were almost Identical and a typical example is shown In Figure 58.

Figure 58 shows several peaks that might be from chemical
components of the wheat plant Itself or may be due to the same or
different components of the wheat plant in the form of
hexafluoracetylacetone derivatives which were detected by the Flame
lonization Detector.

In order to know If the co-extractives are detected In their original
form or as hexafluoroacetylacetone derivatives an aliquot of treated
wheat plant, after It had been extracted with chloroform and before the
derivatizatlon step, was Injected Into the GLC No peaks on the
chromatogram were observed and therefore, this result gives an
Indication that the co-extractives might be detected in a form of
hexafluoroacetylacetone derivatives. Such results also Indicate that

clean-up procedures are more conveniently executed before the
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derlvatlzatlon takes place, and will be confirmed later when the clean-up
procedures are described.

Guanidated amine acetate compounds, represented by 6G-A (100 mg)
and GNG-A (50 mg) were also studied by this procedure of extraction in
the absence of wheat plant. Chromatograms for both compounds showed
the presence of their peaks and in the case of the GG-A compound, two
other unknown peaks appeared which may be Cue to contamination. Such
results showed that the derivatives are formed and can be analysed by
this procedure of extraction although further studies need to be done.

In any case, these results showed the presence of several co-
extractives which must be eliminated by a suitable clean-up procedure
before the Identification and estimation of the quantity of such reslAies
by GLC takes place.

There are several published papers dealing with the clean-up of
various sample types and depending on the extent and nature of the co-
extractives and the pesticide residue, solvent partition, liquid
chromatography (column adsorption or gel, or TLC), and sweep co-
distillation are most often used, alone or In combination, for clean-
up.M.89

From the clean-up procedures described above only column
chromatography was tried In this programme of research and the nature of
the co-extractives were unknown.

A large concentration of commercial guazatlne (G70) was Intentionally
used to spike the control wheat plant In order to guarantee the presence
of the most Important guanidine derivatives together with the co-
extractives.

Figure 59 shows the GLC results for a spiked control wheat plant with

several peaks due to the co-extractives. The presence of 66-A and GGO-A
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components as HFAA derivatives were also observed without any
Interference In their retention time caused by co-extractives. This
preliminary result shows that the presence of these two components in
wheat plants can be monitored.

GLC results after attempted clean-up on all three adsorbents (neutral
alumina, alkaline alumina, and silica gel), eluted with methanol, exhibited
several peaks due to the co-extractives and also due to the G6-A and G(36-
A components. Such results show that guanidine derivatives were not
separated from the co-extractives In this experiment and this probably
occurred because the co-extractives and guanidines were all as
hexafluoroacetylacetone derivatives and their behaviour on the columns
was similar. A different approach to clean-up needs to be studied and It Is
suggested that the procedure may better be made before derivatizatlon
takes place.

Similar results were obtained for alumina (neutral) eluted with
toluene. For the other two columns, alumina (alkaline) and silica gel. both
co-extractives and guanidine derivatives (G6-A and 6G6-A) were retained

on the column
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Fifvra St. 6as-llqutd chromatogram of control wheat plant under

extraction proce(kjre.



Flfwrt M . 6as-llqul(J chromatogram of control wheat plant spiked with

commercial guazatine (G70) under extraction proce<Kre.



V - CONaUSIONS

with the results obtained In this programme of research the following
conclusions can be made:

1- Methods for the identification of the principal components of the
fw>glclde guazatine have been established based on the combined use of
Carbon-13 NMR, FAB Mass Spectrometry, and GC/MS of the
hexafluoroacetylacetone derivatives.

2- The presence of the guanidine structure at the central position of
the polyalkylene chain was evidenced by a chemical shift of about 158.4
ppm, whilst for the terminal structure the signal occurred at a slightly
lower field of ~ t 159.5 ppm. Both signals can be used as a fingerprint
In their Identificatloa

3- The relatively new technique of FAB Mass Spectrometry has also
been shown to be a useful tool in the Identification of guanidine
compounds. Molecular weights are confirmed by Intense MH* lons in the
positive lon spectrum, with the positive charge remaining on the nltro " -
contalning fragment during the fragmentation process. IMH ¢ 121* lons of
various Intensity may also arise by reaction with formaldehyde derived
from the glycerol matrix.

4- The use of hexafluoroacetylacetone and acetylacetone as
derivatizatlon reagents played an important role in gas-llquid
Chromatography and In GC/MS for the Identification of guanidine
derivatives. The method based on hexafluoroacetylacetone is suitable for

the analysis of the main components of guazatine and for the fungicide
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dodine. Residue analysts of guazattne and of dodtne In crops, foods, or
environmental samples was shown to be feasible. Further work In this
area Is required after the presence of co-extracttves In samples have been
removed by adequate procedures of clean-up.

5- New routes to the synthesis of 1.17-dtguantdtno-9-azaheptadecane
triacetate through the use of 5-methyltsothtourontum acetate or by double

decomposition of the sulphate with barium acetate have been established.
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