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Abstract

Pathological fungi carry the ability to cause serious medical problems and moreover
cause various diseases. Drug therapy and new active compounds against these medical problems
are still being researched. The long-term objective is to uncover the active compounds at the
Faculty of Pharmacy, Charles University. In our study, we synthesized 3-(4-bromophenyl)-1,1-
diethylguanidine, and 2 novel compounds: 3-(4-dodecylsulfanylphenyl)-1,1-diethylguanidine
and 3-(3-bromophenyl)-1,1-diethylguanidine. We also studied the oxidation of 1-(4-
tetradecylsulfanylphenyl)guanidinium nitrate, thus, making it the third novel compound 1-(4-

tetradecylsulfonylphenyl)guanidinium nitrate we synthesized.



Abstrakt

Patologické plisné jsou vaznym medicinskym problémem, protoze zpisobuji fadu
onemocnéni. Lékova terapie a nové aktivni slouceniny proti témto chorobam jsou stale
studovany. Nasim dlouhodobym cilem na Farmaceutické fakult¢ Univerzity Karlovy je najit
nové¢ aktivni slouceniny.

Béhem piedkladané studie byl syntetizovan 3-(4-bromfenyl)-1,1-diethylguanidin a dvé
nové sloucCeniny: 3-(4-dodecylsulfanylfenyl)-1,1-diethylguanidin a 3-(3-bromfenyl)-1,1-
diethylguanidin. Taktéz byla studovana oxidace 1-(4-tetradecylsulfanylfenyl)guanidinium nitratu

a pfipravena tfeti nova sloucenina 1-(4-tetradecylsulfonylfenyl)guanidinium nitrat.
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1. INTRODUCTION

In humans, fungal infections or mycoses are able to cause various range of diseases.
Mycoses infect humans superficial, which involves the skin, cutaneous, which involves hair, nail
or disseminated infection involving major organs such as the brain, heart, lungs, liver, spleen,
and kidneys. There are many possible ways fungal infections can be classified, which include
site of infection, route of acquisition, and type of virulence. Classification by site of infection can
be superficial, cutaneous, subcutaneous, and deep'. Superficial mycoses essentially elicit no
inflammation. However, subcutaneous mycoses develop an inflammatory response. Deep
mycoses involve the lungs, abdominal viscera, bones and or central nervous system. The most
common portals of entry are the respiratory tract, gastrointestinal tract, and blood vessels. The
route of acquisition can be designated as exogenous or endogenous in origin. Airborne,
cutaneous, or percutaneous routes can transmit exogenous acquired fungal infection. Endogenous
fungal infection may be acquired from colonization or reactivation of a fungus from an
underlying infection. Lastly, classification according to virulence can be categorized as primary
pathogens, which may establish in a normal host, or as opportunistic pathogens, which requires

some compromise of host defenses in order for infection to become established.



1.1 Problems of mycoses

The population at risk for invasive fungal infections continues to expand beyond patients
with the acquired immunodeficiency syndrome. Risks extend to those immunosuppressed due to
therapy for cancer, organ transplantation, and those undergoing major surgical procedures. These
immunosuppressed patients are at a high risk of developing invasive fungal infections”. As the
population at risk continues to expand so also does the spectrum of opportunistic fungal
pathogens infecting these patients also continue to increase. Early detection and effective
treatment are often difficult with deep invasive mycosis involving the lungs, bones, and or
central nervous system. Thus, the development of new approaches to diagnosis and treatment of

invasive fungal infections is the subject of our research.

1.2 Current state of knowledge

Presently, antimycotics® are used to treat superficial, cutaneous, or disseminated mycosis.
Antimycotics, however, lack in variety and are extremely limited. Azole and its derivatives,
today, are used for standard therapy. Examples of azole antifungals include: imidazoles such as
miconazole or ketoconazole, triazole such as fluconazole or itraconazole, or thiazole such as
abafungin. However, if the patient is allergic, pregnant, or resistant to azole antifungals there are
no other options of antimycotics to offer to the patient. Thus, leading to hospitalization and

intravenous therapy of Amphotericin B.



Moreover, fungi are not only harmful to the human body but they are also harmful to
agricultural products and plants. Fungi attack produce as it is being delivered, resulting in a large
loss for the agricultural industry. In this case, antimycotics can also be used for the preventive
protection of products and for the treatment and prevention of grown plants. However, in spite of
antimycotics, guanidine derivatives have taken up the important role among active compounds.
These guanidine groups can be heterocyclic derivatives of 2-aminobenzimidazole, or free alkyl
or arylguanidines. For many years, heterocyclic guanidine derivatives have been used in two
forms; benomyl* [methyl 1-[butylcarbamoyl]-2-benzimidazolecarbamate] (I) and carbendazim’

[methyl 2-benzimidazolecarbamate] (II).
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Generally, fungicides of this type inhibit the affects of ascomycetes, deuteromycetes, and
some basidiomycetes. In contrast, these fungicides have no inhibitory effects against
fycomycetes. Contact fungicides, such as guazatine® [bis(8-guanidineoctyl)amine] (III), are used

in agricultural practice where they are applied to exterminate fungi upon contact.

(C|)H2)8—NH—$|)—NH2

ll\lH NH
(CH2)8_NH_$|:_NH2
NH
111

Additionally, foliar fungicide, dodine' [1-dodecylguanidiniumacetate] similar to the structure of
y g ylg

guazatine was introduced to the market by American Cyanamid Co., which are applied as sprays.

Research in this discipline, however, continues both in the group of alkyl and
cycloalkylguanidine™ derivatives and compounds with aromatic group'®" bonded to the
guanidine group. Therefore, a first series of compounds' of similar structure was synthesized in
our laboratory for biological evaluation. These compounds correspond to the structure IV, below,
with a sulfanyl group on the 4™ carbon in the benzene ring. These compounds have promising
antifungal activity. Minimum inhibitory concentration (MIC) of the most active compounds on

some strains is better than 2 umol/l.
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1.3 Other literature on arylguanidines

Literature on guanidines related to this thesis is limited. However, searches have been
made on Sci-Finder, Science Direct, and scholar search engine Google Scholar, have been giving
few interesting results. Keywords used in searches include: antifungal + guanidines, antifungal +
phenylguanidines, antifungal + arylguanidines, phenyl + aryl + guanidines, guandines,
phenylguanidines, and arylguanidines. All search were further categorized by dates: 2005-2012.
In September 2011, Koffi-Nevry et al. wrote an article on polyhexamethylene-guanidine
hydrochloride®® (PHMGH) isolated from papaya fruit. Koffi-Nevry et al. conducted tests with
positive indication that PHMGH is an effective fungicide and can be used as preservatives for
fruits (papaya) after harvesting. An article written by Miguel Zarraga suggested that drimane
sesquiterpenes are highly valuable due to their strong biological activity and concluded that
antifungal activity of 11-guanidinodrimene®' (see V) increased when tested against Candida

albicans.
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G. Murtaza et al. have synthesized a series of homoleptic copper(Il) complexes with N,

N’ N*’-trisubstituted guanidines®* (see VI), which show a moderate level of cytotoxicity against

Fr
YY@
N/
N\
N)\NH
A
VI

In 2010, Hui Xu et al. synthesized aminoguanidine® derivatives of chemical structure

these seven human cancer cell lines.

shown in VII, which exhibit more potent antifungal activities than or comparable to hymexazol.

R1 \

50,

Vi1
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S. Mo et al** cultured an antimicrobial sesterterpene bearing a guanidine group from
cyanobacterium Scytonema sp. called Scytoscalarol, which showed antimicrobial activities
against Bacillus anthracis, Staphylococcus aureus, Escherichia coli, Candida albicans, and
Mycobacterium tuberculosis with MIC values in the range from 2 to 110 uM. In 2007, L. A.
Vale-Silva et al. synthesized 19 antifungal compounds, in which newly synthesized guanidines
and anilides™ have similar potency to the level of amphotericin B. Moreover, guanidines are not
just used in antifungals, they are also therapeutically beneficial for all sorts of treatments. In a
study conducted by Bo Wu et al.”’, guanidines derivatives declare restoration of dystrophin
expression in cardiac and skeletal muscles. Additionally, guanidines are being used for the
inhibition of voltage-gated potassium channels subsequently stimulating the neuromuscular
junction, or guanidine derivatives can be used as a protein-denaturing agent®. Most recent, a
series of substituted benzylsulfanyl-phenylguanidine was synthesized by K. Thevissen®’, which
showed potent fungicidal activity against strains of Candida albicans and Candida glabrata.
When R; = 3,5-dibromine, and R, = p-1,2-Dicyclohexylguanidyl”’ or m-1,2-
Dicyclohexylguanidyl (see VIII), it has potent fungicidal and bactericidal activity. Additionally,
compound with R, = m-1,2-Dicyclohexylguanidyl exerts high activity against single C. albicans

and mixed C. albicans/S. epidermidis species.

R>

VIII S

R; = 3,5-dibromine
R, = p-1,2-Dicyclohexylguanidyl, m-1,2-Dicyclohexylguanidyl
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2. PROJECT GOAL

The goal of this project is to extend research on phenylguanidine compounds types: 1,1-
diethyl-3-substituted phenylguanidines, alkylsulfanylphenylguanidines and 1,1-
diethylbromophenyl-3-guanidines. More precisely, we will synthesize the following compounds;
3-(4-dodecylsulfanylphenyl)-1,1-diethyl-guanidine, 3-(3-bromophenyl)-1,1-diethyl-guanidine, 3-
(4-bromophenyl)-1,1-diethyl-guanidine, and to oxidize: 1-(4-
tetradecylsulfanylphenyl)guanidinium nitrate. To synthesize 3-(4-dodecylsulfanylphenyl)-1,1-
diethyl-guanidine, we will first need 1-chloro-4-nitrobenzene to react with dodecamethiol,
dimethylformamide, potassium carbonate, and copper to produce 1-dodecylsulfanyl-4-nitro-
benzene. That product is then reduced to produce 4-dodecylsulfanylaniline. Once reduced, we
will form chlorides by adding dry hydrogen chloride to the mixture to form (4-
dodecylsulfanylphenyl)ammonium chloride. In the final step, we will mix (4-
dodecylsulfanylphenyl)ammonium chloride with N,N-diethylcyanamide to obtain the final
product of  3-(4-dodecylsulfanylphenyl)-1,1-diethyl-guanidine. =~ To  synthesize  3-(3-
bromophenyl)-1,1-diethyl-guanidines, we will use the same procedure as previously mentioned
by firstly producing chlorides and then mixing it with N,N-diethylcyanamide to give us the end
product of 3-(3-bromophenyl)-1,1-diethyl-guanidine. Next, we will synthesize 3-(4-
bromophenyl)-1,1-diethyl-guanidines in the same way. Finally, we will oxidize 1-(4-

tetradecylsulfanylphenyl)guanidinium nitrate to prepare sulfonyl derivative.

14



Possible alterations of the molecule are proposed in the figure below, I1X.

NH
o
R H

IX

X

<-z—<

R = alkylsulfanyl, alkylsulfinyl, alkylsulfonyl
X = = HNO3, C6H3N3O7
Y =H, C,Hs
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3. THEORETICAL PART

3.1 Oxidation of sulfides

Organic sulfoxides play an important role as a therapeutic agent for the treatment of
various diseases such as anti-atherosclerotic, antibacterial, antifungal and various heart related
diseases. The oxidation of sulfides to sulfoxides can occur both organically and inorganically,
through biological and/or chemical mechanisms. In this study, chemical mechanism is of high
importance where sulfides are able to rapidly oxidize in the presence of dissolved oxygen,
however, mechanisms rely on pH, redox potential, oxygen source and metal ions for catalysis
and rate of oxidation. On the contrary, biological mechanisms depend on microbial activity,
which is subject to environmental factors such as temperature, pH, food availability and an
oxygen source. Over decades, vast numbers of procedures have been developed to oxidize
sulfides to sulfoxides. Majority of these procedures however are toxic, harmful, or expensive for

development, and many are over-oxidized to other compounds.

16



Halogens, such as bromine®® or chlorine, have been widely used for oxidizing sulfides.
Though, undesirable side reactions often do occur using this method. For example, using
bromine for the oxidation of sulfides, byproducts such as sulfonic or sulfinic acid® are able to
form in which hydrogen bromide is responsible. These byproducts, however, can be reversed
using an aqueous acidic media resulting in high yield oxidized sulfides. The following is a

scheme of the reaction for oxidization of sulfides using halogens:
Br,

R1 S —R2 > RI
H,0, - 2HBr

R2

wn

(5

Scheme I

Hydrogen peroxide, recently, has been a promising oxidizing agent for the oxidation of
sulfides. In contrast to the above-mentioned oxidizing agent, hydrogen peroxide is considered the
green oxidant’' since water is the theoretical by-product lacking of toxic by-products. Hydrogen
peroxide is inexpensive, easily accessible, and easily stored. Moreover, hydrogen peroxide is
known to oxidize aromatic and aliphatic sulfides to sulfoxides with high yields under neutral,
acidic or alkaline condition with or without a catalyst. Hydrogen peroxide in the presence of
zirconium tetrachloride’ as a reagent is an efficient way to oxidize sulfides. The following is a

scheme of the reaction for the oxidization of sulfides using hydrogen peroxide.

0
H,0, |l
R1 S —R2 » Rl—S——R2 + H,0

0]

Scheme I1
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Potassium permanganate33'34

is a strong inorganic oxidizing agent that is readily
dissolved in water forming a purple colour after dissolution and does not generate toxic by-
products. As an oxidant, potassium permanganate has various uses, such as oxidation of taste and
odor, disinfectant and water treatment, organic synthesis, fruit preservation, etc. Potassium
permanganate has been used extensively in the laboratory to oxidize 1-(4-

tetradecylsulfanylphenyl)guanidine, see figure below. A. Shaabani et al. indicated in a study that

addition of manganese dioxide®® accelerates rate of oxidation.

0]
KMnO, I
Rl—— S —R2 » RI1 |S| R2
0]
Scheme II1
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3.2 Guanidine: phenylguanidines

Substituted guanidine®® is a broad group and subject, which contains many derivatives
(i.e. nitroguanidine, aminoguanidine, organoguanidine, etc) and are synthesized using cyanamide
or dicyandiamide with ammonium salts. This thesis mainly focuses on organoguanidine’ such as
alkyguanidine, arylguanidine or phenylguanidine. However, guanidine derivatives in general
have been and are being used broadly as pharmaceuticals, fungicides, propellants,

agrochemicals, in biotechnological engineering or biocides.

Organoguanidines™ can be synthesized using cyanamide and adding any amines (i.e.
polyamine, hydroxylamine). S-alkylisothiourea®’ is able to react with amines to form guanidines.
Biocides, such as biguanides, are synthesized using dicyanamide or cyanoguanidines. Moreover,
organoguanidines are the building blocks for agrochemicals and pharmaceuticals. They are also

used for curing agents for plastics and rubbers.

19



3.3 Synthesis of guanidines

In this study, we synthesized the alkylsulfanyl derivatives as shown in a general reaction

scheme shown below:

0 _0 O -0
NN SNF NH,
1. Cj,H,sSH snCl,
2. K,CO3, Cu
Cl S S
~ ~
C12H25
HClI
NH /—CH3
HN _|.|_ N NH; cl-
-
1. (C,Hs),NCN
2. NaOH
S
S ~N
e C,,H
C12H25 12°'25
Scheme IV
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The starting compound, needed to introduce the sulfanyl derivative, was 4-chloro-1-
nitrobenzene. In the first step, the starting compound provided us with sulfanyl derivatives by
reaction with the thiol group in alkaline conditions and by catalysis with the active copper’". The
aforementioned reaction was followed by the reduction® of the nitro group, preparing the aniline
derivative that was then transformed to anilinium chloride. Subsequently, this compound was
used in the final step of the synthesis where it reacted with cyanamide***"** forming guanidines.
Diethylguanidine derivatives were prepared by the reaction of amine with N,N-

diethylcyanamide. Sulfonyl derivatives were prepared by the oxidation'” of sulfanyl derivatives.

21



The following is the scheme followed to synthesize 3-(3-bromophenyl)-1,1-diethyl-

guanidines, 3-(4-bromophenyl)-1,1-diethyl-guanidines:

NH2 NH; Cl

HCI {
Br Br
1.(C ,Hg),NCN
2. HNO,
CH3

H,C N N Br

Scheme V: 3-(3-bromophenyl)-1,1-diethyl-guanidine
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NH, NH CI-

HCI

Br Br

1. (C,Hs),NCN

(CHz 2. HNO;

Br

Scheme VI: 3-(4-bromophenyl)-1,1-diethyl-guanidine

To synthesize 3-(3-bromophenyl)-1,1-diethyl-guanidines and 3-(4-bromophenyl)-1,1-
diethyl-guanidines we first prepared the aniline derivative that was then transformed to anilinium
chloride. Subsequently, this compound was used in the final step of the synthesis where it
reacted with cyanamide®®*'** forming guanidines. N,N-Diethylguanidine derivatives were

prepared by the reaction of ammonium chlorides with N,N-diethylcyanamide.

The schemes for the oxidation of 1-(4-tetradecylsulfanylphenyl)guanidinium nitrate are

located in their respective categories.
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4. EXPERIMENTAL PART

4.1 General Methods

All chemicals, which were used during the experiments, were not further purified and
were used as received from different commercial sources, such as Aldrich. The end products
components and structure were identified using melting points (MP), literature data, thin-layer
chromatography (TLC), infrared (IR), nuclear magnetic resonance (NMR), and mass spectra
(MS). The melting points were determined on a Kofler apparatus. The samples for the analysis
tests were dried over P,Os at 61 °C and 66 Pa for 24 hours. The standard IR spectra were
measured on germanium ATR crystal on a Nicolet 6700 FTIR apparatus; the wavenumbers are
given in cm™. The 'H and “"C NMR spectra of new compounds were recorded in DMSO-d;
solutions at room temperature on a Varian Mercury-Vx BB 300 spectrometer operating at 300
MHz for '"H NMR and 75 MHz for "C NMR. Chemical shifts were recorded as d values in parts
per million (ppm), and were indirectly referenced to tetramethylsilane via the solvent signal
(2.49 for 'H or 39.7 for “C for DMSO-dg). TLC was performed on silica gel plates precoated
with a fluorescent indicator Silufol UV 254 (RP-18 F,s,, of Kavalier). Mixture of hexane (16
parts), ethanol (8 parts), triethylamine (1 part) was used as the mobile phase. The synthetic routes
leading to the desired compounds, please review the scheme I'V located under 3.3 Synthesis of
Guanidines. The synthesis was divided into two parts: the oxidation of phenylguanidines and the

synthesis of phenylguanidines.
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4.2 Synthesis of 3-(4-dodecylsulfanylphenyl)-1,1-diethyl-guanidine

HSC\/\/\/\/\/\/S

NH

HN)\N/\CHS
kCH3

3-(4-dodecylsulfanylphenyl)-1,1-diethyl-guanidine
MW = 363.56 g/mol

25



4.2.1 Procedure to synthesize 1-dodecylsulfanyl-4-nitro-benzene

_O\N+//O o\N+/o
Cy,H,SH
K,COs, Cu
Cl S
~
C12H25

1-dodecylsulfanyl-4-nitro-benzene
MW = 319.46 g/mol

15.38 g of dodecamethiol (18.22 ml, 0.0976 mol, MW = 202.40 g/mol) was dissolved in
75 ml of dimethylformamide. Following dissolution, 33.68 g (0.2440 mol) of potassium
carbonate was added to the mixture. Subsequently, 5.16 g (0.0406 mol) of copper and 30.00 g
(0.095 mol) of 4-chloro-1-nitrobenzene was added to the mixture under nitrogen gas. The
mixture was stirred and heated in oil bath at 150 °C for 5 hours. The mixture was filtered, then
water was added to the filtrate causing formation of crystals and the mixture was cooled to 5 °C
and crystals were filtered off. Melting point of the crystals was measured to be 34-38 °C. The
crystals were then dissolved in hot ethanol with the addition of small amount of charcoal and
subsequently filtered the mixture then stored in fridge for 24 hours. The mixture contained
crystals which was filtered to obtain crystals, m = 18.26 g, and MP = 49.0-51.0 °C. The practical

yield was calculated to be 89.6% of the theoretical yield. [Ref. 19: MP =49.0-51.5 °C, 68%]
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4.2.2 Procedure to synthesize 4-dodecylsulfanylaniline

0. .0
SN NH,
SnCl,
S S
~ ~
C12H25 C12H25

4-dodecylsulfanylaniline
MW = 289.47 g/mol

10.00 g (0.01 mol) of 1-dodecylsulfanyl-4-nitrobenzene was mixed with 35.00 g (0.05
mol) of tin-dichloride and 40 ml of dry ethanol. The mixture was then refluxed under nitrogen at
70 °C for 4 hours. The reaction was checked using thin-layer chromatography. Following reflux,
the mixture was cooled and alkalized by solution of sodium hydroxide and 5 times extracted with
ethyl acetate. The extracts were collected and dried with sodium sulfate and solvent was distilled
off. The crystals were dissolved in hot ethanol, then added charcoal and subsequently filtered and
stored in fridge. After cooling, the mixture was vacuum filtered to collect crystals, m = 6.54 g,
and MP = 34.6 — 36.8 °C. The practical yield was calculated to be 72.2% of theoretical yield.

[Ref. 19: MP = 34.6-36.8 °C, 73%)]
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4.2.3 Procedure to synthesize (4-dodecylsulfanylphenyl)ammonium

chloride

NH, NH CI-

HCI

~N
CioHos C;oHos

4-dodecylsulfanylphenylammonium chloride
MW = 325.93 g/mol

To synthesize 4-dodecylsulfanylphenylammonium chloride, we dissolved 1.00 g
(0.00303 mol) of 4-dodecylsulfanylaniline with 50 ml of ether and was cooled in an ice bath.
After cooled, dry hydrogen chloride was let into the mixture. Crystals were formed, which were
subsequently collected and filtered off. 1.00 g of 4-dodecylsulfanylaniline crystals were

collected, 88.8% yield.
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4.2.4 Procedure to synthesize 3-(4-dodecylsulfanylphenyl)-1,1-

diethyl-guanidine

NH /— CH,
NH3 CI HN —I-l— N
-
1. (GH;),NCN
>
2. NaOH
> S
~
CiaHas \C12H25

3-(4-dodecylsulfanylphenyl)-1,1-diethyl-guanidine
MW = 363.56 g/mol

1.00 g (0.0030 mol) of 4-dodecylsulfanylphenylammonium chloride and 0.45 g (0.00455
mol, 0.53 ml) of N,N-diethylcyanamide were mixed and heated to 130 °C for 60 minutes. After
60 minutes, 0.12 g (0.0012 mol, 0.14 ml) of N,N-diethylcyanamide was added to the mixture.
The reaction was complete after 90 minutes. The mixture was then dissolved in water and
alkalized by 5% solution of sodium hydroxide. The product was extracted with diethylether and
dried with sodium sulfate. The solvent was distilled off and the product was recrystallized from
hexane, m = 0.54 g, and MP = 46.7-47.6 °C. The practical yield was calculated to be 49.1%.

[Ref. 19: MP = 115.9-117.3 °C, 82%]
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4.3 Synthesis of bromophenylguanidines

4.3.1 3-(3-bromophenyl)-1,1-diethyl-guanidine

CH
3
NH, r

1. HCl i
: - HSC\/N\[(N Br

2. (C,Hg),NCN

3. HNO NH

Br ) 3

3-(3-bromophenyl)-1,1-diethyl-guanidine
MW: 270.17 g/mol

10.00 g (0.058 mol, 6.34 ml) of 3-bromaniline (MW = 172,3 g/mol, d = 1.58) was added
to 50 ml of dry ether and was cooled in ice bath. While cooling, hydrogen chloride is let into the
mixture to prepare crystals (m = 9.96, yield = 81.6%). 6.00 g (0.0288 mol) from the crystals was
mixed with 1.55 g (0.0192 mol, 1.83 ml) of substituted N,N-diethylcyanamide and heated to 130
°C for 60 minutes. After 60 minutes, 0.23 g (0.00237 mol, 0.27 ml) of N,N-diethylcyanamide
was added to the mixture. The reaction was complete after 90 minutes. The mixture was then
dissolved in water and alkalized by 5% solution of sodium hydroxide. The product was extracted
with diethylether and dried with sodium sulfate. The product was in liquid form, m = 4.49 g

(34.0% yield)
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A sample of the product was dissolved with ethanol and picric acid (2,4,6-trinitrophenol
(TNP), MP = 122.5 °C) was added to the mixture. Crystals of the picrate was formed then

filtered off and MP was measured to be 102.3-103.1 °C.
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4.2.2.2 3-(4-bromophenyl)-1,1-diethyl-guanidine

NH, (CH3
1. HCI C N
’ H N N
. 3TN Y
2. (GHs),NCN NH

Br

3-(4-bromophenyl)-1,1-diethyl-guanidine
MW: 270.17 g/mol

In the synthesis of p-bromophenylguanidine, 5.00 g (0.029 mol) of p-bromanilin, MW =
172.03 g/mol, d = 0.846 was added to 50 ml of dry ether and was cooled in ice bath. While
cooling, hydrogen chloride is let into the mixture to prepare crystals. 5.00 g (0.0239 mol) of the
crystals was dissolved in 10% excess with 2.85 g (0.029 mol, 3.37 ml) of substituted N,N-
diethylcyanamide and heated to 130 °C for 60 minutes. After 60 minutes, 0.47 g (0.0048 mol,
0.56 ml) of N,N-diethylcyanamide was added to the mixture. The reaction was complete after 90
minutes. The mixture was then dissolved in water and alkalized by solution of sodium hydroxide.
The product was extracted with diethylether and dried with sodium sulfate. The product was
dissolved in ethanol and added a few drops of nitric acid. Crystals were formed after being
cooled in the fridge for 48 hours, m = 2.99 g (18.7 % of theoretical yield) and the MP = 119.8-

122.1°C
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4.4 Preparation of 1-(4-tetradecylsulfonylphenyl)guanidinium

nitrate
(0]
||
H3C\/\/\/\/\/\/\/ T
||
0

NH

HN NH,

1-(4-tetradecylsulfonylphenyl)guanidine
MW = 396.7 g/mol
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4.4.1 Oxidation of 1-(4-tetradecylsulfanylphenyl)guanidinium

nitrate with potassium permanganate

NH
NH, le\i
HN)\NH HN NH
KMnO,
S O:T:O
|
Ci4Hyg Ci4H29

1-(4-tetradecylsulfonylphenyl)guanidinium nitrate
MW = 458.6 g/mol

0.50 g (1.17x10° mol) of 1-(4-tetradecylsulfanylphenyl)guanidinium nitrate was
dissolved in 200 ml of water. After dissolution, the first portion 0.074 g (4.69x10™* mol) of
potassium permanganate was added to the mixture. The second portion 0.064 g (4.06x10™") was
added followed by acidification using hydrochloric acid and stored in fridge for 3 days.
Following acidification, the mixture was filtered and alkalized then extracted with ethylacetate.
The residue after evaporation of ethylacetate was recrystallized from water with few drops of

nitric acid, m = 0.24 g (22.2% yield), MP = 115.0-117.8 °C.
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4.4.2 Oxidation of 1-(4-tetradecylsulfanylphenyl)guanidinium

nitrate with hydrogen peroxide

NH
NH2 )\2
HN)\NH HN NH
S o— T =0
I
H
C14H29 C14 29

1-(4-tetradecylsulfonylphenyl)guanidinium nitrate
MW = 458.6 g/mol

To prepare 1-(4-tetradecylsulfonylphenyl)guanidinium nitrate, 0.20 g (4.69x10* mol) of
1-(4-tetradecylsulfanylphenyl)guanidinium nitrate compound was dissolved in 7.5 ml of ethanol.
After dissolution, 0.33 ml of 35% hydrogen peroxide was added following the addition of 0.22 g
of zirconium tetrachloride. The product was acidified with nitric acid and cooled over night in
the fridge. Crystals formed, m = 0.20 g (18.3% yield), MP = 114.5-118.4 °C. This product is the

same as the product synthesized in section 4.4.1.
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S. DISCUSSION

The goal of this thesis was to synthesize 3-(4-dodecylsulfanylphenyl)-1,1-diethyl-
guanidine, 3-(3-bromophenyl)-1,1-diethyl-guanidine, 3-(4-bromophenyl)-1,1-diethyl-guanidine,

and to find methods in oxidizing 1-(4-tetradecylsulfanylphenyl)guanidine.

There were many steps involved in preparing the 3-(4-dodecylsulfanylphenyl)-1,1-
diethyl-guanidine compound and each step had its trails and tribulations. However, for the
synthesis, dodecanethiol, was dissolved in dimethylformamide, then added potassium carbonate,
copper, and 4-chloro-1-nitrobenzene to the mixture. After filtration and collection of crystals, the
mass obtained was 18.26 g of 1-dodecylsulfanyl-4-nitro-benzene, MP = 49-51 °C, and the yield
was calculated to be 89.6%. This result is identical to the result by G. Braunerova et al.”” MP =

49.0-51.5 °C but the yield by G. Braunerova et al. 68% is lower.

10.00 g of 1-dodecylsulfanyl-4-nitro-benzene was wused to reduce to 4-
dodecylsulfanylaniline, which involved addition of tin-dichloride, dry ethanol and then refluxed
under nitrogen. After filtration and collection of crystals, the mass of aniline crystals obtained m
=6.54 g, and MP = 34.6 — 36.8 °C. The practical yield was calculated to be 72.2% of theoretical
yield. This result is also identical to the result by G. Braunerové et al.'” MP = 34.6 — 36.8 °C,

73% yield.

1.00 g of 4-dodecylsulfanylaniline was used for final step for the preparation of 3-(4-
dodecylsulfanylphenyl)-1,1-diethyl-guanidine, =~ which  involved  addition of  N,N-
diethylcyanamide. After the reaction of the aniline crystals with N,N-diethylcyanamide was

complete, the product was dissolved in hot hexane and silica gel was added. 0.54 g of the final
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crystalline product was obtained after filtration, cooling and purification, MP = 46.7 — 47.6°C
and the yield of 49.1%. In the second trail, same procedure as the first trail was followed,
however, 3.00 g of the aniline crystals was used instead of 1.00 g. 1.84 g of crystals was left after
reaction with N,N-diethylcyanamide, which was dissolved in hexane and used to perform
column chromatography to obtain more the final product. However, low yield of the final
product was obtained therefore making column chromatography column with silica* not a good
option to obtain the product. This can be due to the absorptive capabilities of silica to the final
product. 1.50 g of aniline crystals was used in the third trail. Following the reaction with N,N-
diethylcyanamide, the product was dissolved in water and ethanol. Dissolving the product in
water and ethanol to obtain a crystalline product was not a good option thus very low yield of
final product was found. In the fourth trial, 1.00 g of aniline crystals was used. Following
reaction with N,N-diethylcyanamide, the product was dissolved in water and the crystals
obtained after filtration was dissolved in hexane to perform a column chromatography using

cellulose. However, very low yield of the final product was obtained.

The synthesis of 3-(3-bromophenyl)-1,1-diethyl-guanidine was prepared by using 3-
bromaniline liquid. 6.34 ml of 3-bromanilin was used to prepare 9.96 g of 3-bromoanilinium
chloride. 6.00 g of 3-bromoanilinium chloride was used to react with N,N-diethylcyanamide and
the mass of the final product was 4.49 g (34.0% yield) in liquid form. Samples of the final
product were taken to perform reactions with nitric acid, carbon dioxide, pthalic acid, or
trinitrophenol to obtain 3-bromophenylguanidine in crystalline form. Since the reaction was
started in liquid form, it was difficult for the 3-(3-bromophenyl)-1,1-diethyl-guanidine to form

crystalline salts. However, only trinitrophenol was effective in the reaction with 3-(3-
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bromophenyl)-1,1-diethyl-guanidine to form a picrate crystalline product, MP of crystals were

102.3-103.1 °C.

p-Bromaniline (5.00 g) was used to synthesize 3-(4-bromophenyl)-1,1-diethyl-guanidine.
The starting compound was dissolved in ether and while cooling in an ice bath, hydrogen
chloride is let into the mixture to form crystals. These crystals were heated with N,N-
diethylcyanamide and then dissolved in water, alkalized with sodium hydroxide, and extracted
with diethylether. To form the product, the crystals were dissolved in ethanol and acidified with

nitric acid. Mass obtained after reaction is 2.99 g and the MP = 119.8-122.1°C.

We oxidized 1-(4-tetradecylsulfanylphenyl)guanidinium nitrate  using potassium
permanganate and hydrogen peroxide with zirconium tetrachloride to prepare 1-(4-
tetradecylsulfonylphenyl)guanidinium nitrate. In the first trail, 0.50 g (1.17x10~ mol) of 1-(4-
tetradecylsulfanylphenyl)guanidinium nitrate was dissolved in 200 ml of water. First portion of
potassium permanganate, 0.074 g (4.69x10™ mol) was added to the mixture. The second portion
0.064 g (4.06x10™") was added followed by acidification using hydrochloric acid and stored in
fridge for 3 days. The mixture was filtered and alkalized then extracted with ethylacetate. After
extraction, the mixture was evaporated to dryness. The remaining residue was recrystallized from
water with few drops of nitric acid, m = 0.24 g (22.2% yield), MP = 115.0-117.8 °C. In the
second trail, 0.20 g (4.69x10™* mol) of 1-(4-tetradecylsulfanylphenyl)guanidinium nitrate
compound was dissolved in 7.5 ml of ethanol. After dissolution, 0.33 ml of 35% hydrogen
peroxide was added following the addition of 0.22 g of zirconium tetrachloride. The product was
cooled and then acidified with nitric acid to form crystals, m = 0.20 g with 18.3% yield. The MP

of the product is 114.5-118.4 °C.
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6. SUMMARY

In summary, we synthesized the following: 3-(4-dodecylsulfanylphenyl)-1,1-diethyl-
guanidine, 3-(3-bromophenyl)-1,1-diethyl-guanidine, 3-(4-bromophenyl)-1,1-diethyl-guanidine,

and we oxidized: 1-(4-tetradecylsulfanylphenyl)guanidine.
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