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ABSTRACT

A number of amidine derivatives were synthesized by condensation of 2-cyanopyridine,
4-cyanopyridine and 2-cyanopyrazine with amines in the presence of sodium methoxide.
All the compounds, that is, ITI(a-f), IV(a-g), and V(a—d) were purified by crystallization
or by column chromatography. Structures of all the synthesized and purified compounds

are supported by correct IR, '"H NMR and mass spectral data reported in Table 1, 2, 3.
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Introduction:

“

Compounds classified as heterocyclic probably constitute the largest and most varied
family of organic compounds. After all, every carbocyclic compound, regardless of
structure and functionality, may in principle be converted into a collection of heterocyclic
analogs by replacing one or more of the ring carbon atoms with a different element. Even
if we restrict our consideration to oxygen, nitrogen and sulphur (the most common

heterocyclic elements), the permutations and combinations of such a replacement are

numerous.

Cyclic compounds containing one or more heteroatoms (usually O, N, S etc) are

called heterocyclic compounds. Some simplest heterocyclic compounds as shown

: N
DO O
Fluran P2yrrole Thigphene Py‘r‘idine

N _
A —
() (O
Z
N
pyrazine  1,7a-dihydro-2H-isoindole

S 6

Numerous heterocyclic compounds have been synthesized which show biological

below:

activities. Compounds with anti-inflammatory, analgesic, antidegenerative, anticancer,
antimicrobial activities had already seen, reported in literature. Most of the drugs
heterocyclic compounds are biologically active. Acridine [1], amidines and hydrazones
[2,3], pyrimidines and bispyrimidine derivatives [4-8] with anti-inflammatory and
analgesic activities are reported in literature. In addition to above-mentioned activities,
pyrimidine derivatives possessing antitumour [9], antimicrobial [10], antibacterial [11],
antifungal [12] and antiinfective [13] activities have been reported in literature.

Hydrazone derivative possesing anti-inflammatory, analgesic [14,15] antipyratic [16],
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and antibacterial activities [17].
It is also well known that amides, amidines and combinations of both are present in a

variety of antimicrobial, antiparasitic, antihelmintic, antiviral and antitumoural agents.

R
HN » Rz
HN
R4
0] R,
NH
Ry o)
N, Ri=Ome R NH
—N R1=H
N Re =<\ — ") R, = 2-CFCeHs
7 N ~N
8
—0
H H
9 T
T
- NHZ :
N /
SN

The amidine functionality has been found in many natural products and amidine-
containing molecules are found to be a critical part of many biological processes. The
amidine moiety is an important pharmacophore in medicinal chemistry and had been
intensively investigated. A number of pharmaceutical products for example the
fibrinogen receptor antagonist lamifiban, which is currently in clinical development as an

injectable antithrombic.

Amidine is a functional group or type of chemical compound that has two amine

groups attached to the same carbon atom with one carbon nitrogen double bond

HN=CR’-NH,

The configuration and molecular dynamics of the compounds with amidine group N=C-N
are widely investigated [18]. Amidines contain two different nitrogen atoms: amine (N;)

and imine (N,) type, however, because of conjugation between the N,=C double bond
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and the lone electron pair at N, both carbon-nitrogen bonds exhibit a partial double bond

character.
P 2\ 1 e 1
RT 7 cH, Ry ]/ CH,
R R
10 11

A few amidine derivatives i.e. 12-19 are mentioned below:

12 13 14

\ N R2
| /
P
N N NHR2

15 = H, propyl, benzyl 16
Rz = isopropyl, H

@O @Mo

R' =Et, Bn
NH
o ' NH,
HO Q “YQ)‘\
\ .
A 0
OH 19

Many amidine derivatives possess useful biological activities, which are due to the

A\d

resemblance of the amidine functionality to the biologically important pyrimidines and
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purines systems. Formamidines feature in the biochemical pathways associated with the
biosynthesis of imidazoles, purines, and in the catabolism of histidine.

Amidine derivatives possessing anti-degenerative [19], anticancer [20, 21], anti-
platelet [22] and antimicrobial [23] activities have been reported in the literature.
Amidine derivatives also acting as serine protease inhibitors [24] and nitric oxide
synthase inhibitors [25] reported in the literature. Amidines, the nitrogen analogues of
carboxylic acids, are structural parts of numerous compounds of biological interest
including important medical and biochemical agents. Amidines are also versatile building
blocks for the synthesis of various heterocyclic compounds.

The wide-ranging biological activity includes, for example, antiviral activity of
some naturally occurring amidines [26] interfering with the reverse transcription process.
Distamycin derivatives have also been examined for reverse transcription inhibitory

properties. Antibacterial [27], antifungal [28], and antiprotozoal activity have been shown

for benzamidine derivatives. HN™ Rz
R
X o .
X=NH, Y=NH anthranilic amidine
R; T X=NH, Y=0 salicylic amidine
R3

20

This series benzamidines and benzamides 20 were synthesized as selective inhibitors of
vascular endothelial growth factor receptor (VEGFR) tyrosine kinases, and tested for
inhibitory activity toward autophosphorylation by the enzyme assay. Selective inhibition
of VEGFR-Z tyrosine kinase was observed in the salicylic amide and the anthranilic
amidine [29].

Pentamidine 21 and berenil 22 are used in the treatment of pneumonia due to
Preumocystis carinii. This is a serious disease in patients receiving immunosuppressive
therapy for leukaemia, lymphoma, or transplant rejection. N-substituted heteroaromatic
cyanoamidines possess good vasodilating and antibypertensive activity [30] by opening
the potassium channel. Pentamidine has been used in leishmaniasis therapy, a dangerous
tropical disease, in substitution of arsenic derivatives and in combating collateral

infections in AIDS treatment.
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OO

NH Pentamidine NH

21

0. K
H2NY©/ N N NH:
NH

NH
Berenil
22
Some amidines are used in the synthesis of various drugs. The structure containing
amidine moiety is also used as a drug. Triarylamidines 23 were tested for their ability to

inhibit the replication of HIV cells.
X

2 X=0CHjs, CH3 H, Br, Cl and NO,

Chlorambucil is an alkylating agent commonly used in pharmacotherapy of chronic
lymphatic leukaemia, lymphomas as well as ovarian and breast carcinomas. The amidine
analogue of chlorambucil 24 evokes stronger cytotoxicity on breast cancer than does the
parent drug, chlorambucil [31]. First of all, this analogue appeared to be a more potent
inhibitor of collagen synthesis than chlorambucil. Moreover, showed a higher than
Chlorambucil potency to inhibit the activity of prolidase, which represents an important

factor in the regulation of collagen biosynthesis and cell growth.
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cl
/ \ -
0 CONHCHZCHZNHCO(CHz)s_ON
HN /\
*HCI c

NH,
24

It was shown a surface coating with anticoagulant characteristics’ showing significantly
reduced coagulation activation. The synthesis of a monomeric conjugate containing a
benzamidine moiety 25 was carried out and its inhibitory activity against human
thrombin, the key enzyme of the blood coagulation cascade, was determined using a
chromogenic assay. Based on that, low thrombogenic interfaces were prepared by
covalent attachment of this low-molecular weight thrombin inhibitor on poly
(octadecenealt-maleic anhydride) copolymer thin films and characterized using
ellipsometry, XPS and dynamic contact angle measurements. The invitro
hemocompatibility tests using freshly drawn human whole blood showed, in agreement
with the SEM images, that a PO-MA film modified with a benzamidine moiety using a
PEG spacer decreased the activation of coagulation, platelets and the complement’
system. The decreased protein adsorption, in addition to the specific inhibition of

thrombin, effectively enhanced the short-term hemocompatibility characteristics [32].
0]

II NH,
H2N—(-HZC)——C—HN—©—<
11 NH

*HCI
25 c

Pharmacological modulation of nitric oxide synthase activity has been achieved using
structural analogs of arginine 28. In the present studies, it was demonstrated that the

minimal amidine structure required for enzymatic inhibition is formamidine 26 [33].

o) NH
NH NH U
I w0 o N N

N NH, - H
2 H NH,

H NH

formamidine aminoguanidine L- arginine

26 27 28
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Cyclic amidines represent a heterocyclic core of wide pharmacological interest. Among
them, dihydroimidazoles and tetrahydropyrimidines are found in many biologically active
compounds [34].

In literature it was also described the design and preparation of lecithin
microemulsion gels containing the aromatic tetra-benzamidine (TAPP-Br, tetra-p-
amidinophenoxy neo-pentane) 29 and the antitumor evaluation of this topical formulation
on nude mice xenografted with the highly tumorigenic cell line FHO6T I- 1, in
comparison to the antitumor activity of TAPP-Br administered by intraperitoneal
injections (0.5 mg/injection). After (trans) dermal treatment with 0.1 mi lecithin gels
incorporating TAPP-Br (0.2 mg/ml), a reduction of in vivo tumor cell growth was
- observed. These results could be of great interest with a view to developing a releasing
system useful for experimental chemotherapy of tumor lesions occurring at cutaneous or
subcutaneous level. The bromo-derivative (TAPP-Br) of tetra-p-amidinophenoxy neo-
pentane (TAPP-H) is very active on a variety of cell lines, including breast carcinotr;a,

erythroleukemic, melanoma, B-lymphoid and colon carcinoma cell lines [35].

HoN NH
R
R o R
O\)E/O .
HN 0 NH
NH, R NH,
. (4HCI; n-H20)
HoN NH

R= H,(TAPP-H); Br,(TAPP-Bri 29
In Synthesis:
Amidines are much used in synthesis. In some cases for the preparation of acyclic
compounds, but mostly for the synthesis of heterocyclic compounds such as aziridines
[36], pyrroles [37], oxazoles, oxadiazoles and thiadiazoles, pyridines, pyrimidines [38],

imidazoles[39], and triazines[40]. Accordingly, the condensation of amidines with «-halo
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ketones or oc-hydroxy ketones yields imidazole rings, while heating amidine salts with
ethylene diamine yields dihydroimidazoles. Pyrimidine derivatives have also been
prepared from amidines using a vast array of B-dicarbonyl compounds, B-dinitriles, B-
cyano esters, B-keto nitriles as well as «,B -unsaturated esters, nitriles and carbonyls.
Substituted amidines are useful intermediates in the synthesis of many heterocyclic
compounds like - lactum imidazole indole and pyrimidine.

A series of polysubstituted pyrimidines were synthesized from in situ generated
o,B-unsaturated imines and the corresponding amidine or guanidine derivatives in a
convenient one-pot procedure [41]. The described transformations proceed via the initial
formation of o,B-unsaturated imines 30c¢ that undergo nucleophilic attack by a bi-dentate
nucleophile (amidine or guanidine). This step is then followed by elimination of
ammonia and aromatization to yield the observed polysubstituted pyrimidines 31
Optimized reaction conditions include application of dry THF or dioxane as solvents, as
well as thorough temperature control of the reaction mixtures, especially at the earlier
stages of reagent addition. This is attributed to the formation of unstable aza-Wittig

species 30b that undergo smooth reaction with aldehydes to result in the reactive imine

species 30c. Addition of polar solvents (DMF, NMP, N-methyl morpholine; 20-50 vol

%) to better solubilize amidine or guanidine species did not affect the outcome of the

reaction. Scheme 1.1

(I)Et ?l H
°—f—OH I Ar,—CHO
-50°C o 2™
Ar1—CN—9——> A”)}\ OEt | — Ar’)H OEt
THF -78°C _PL _PZ -50 to 0°C
20 min O~ TOEt O” "OEt | 45min
30 30a 30b

NH, Ar,

Ar,
/K R’J§ NH,CI N
gsemse ||

Hunig's base
Ar? SNH Z

0°%Ctorelux2h. Ar” “N” "R

30c 31
Scheme 1.1
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The reaction of 2-alkylidenetetrahydrofurans 32 with amidines (NEt;, EtOH, reflux)
afforded the 2-phenyl-, 2-methyl-, and 2-dimethylamino-4- (3-hydroxypropyl)

pyrimidines 33, which are biologically active compounds [42] Scheme 1.2.

R
A A

R= alkyl aryl substituents
Scheme 1.2
Purines, xanthines, and other fused imidazoles 36 can be prepared from amidines or
guanidines, with retrosynthetic disconnection at the ring fusion. Ring closure proceeds
using Cu (I), with no special ligands required. The method allows for easy modification
of the heterocyclic nucleus and is tolerant of functionality pendant to the ring system [43]
Scheme 1.3. '

NH o
SN Br ~ N
LG — X 0O
T A
34 35 36
Scheme 1.3

The applicability of Heck methodology to the introduction of unprotected amidines and

guanidines was investigated. These were coupled to various simple aryl iodides 37, and

this methodology was then applied to a highly fictionalized 6-iodoquinazolinone

substrate 37, providing an efficient synthesis of a new class of vitronectin receptor

antagonists 39 [44] Scheme 1.4. !
H

N N  Pd(OAc)2, (O-tolyl)3P
pel 4 N N (OAc)2, (O-tolyl) Ar\/\/N%N
HN Et3N ,MeCN, 80°C HN\)
37 38 39
Scheme 1.4
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One-pot synthesis of N, 6-disubstituted-1, 3,5-triazine-2, 4- diamines derivatives 43 from

isothiocyanates 40 sodium hydrogencyanamide, and with amidines in the presence of (1-

(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)
Scheme 1.5.

is reported [45]

NH H H
H -+ R2—< - HCI N N R2

NaNHCN N -SNa NH R \r \n/

R1NCS——-——> R1 \“/ - Nl NH
No eN NEt3, EDC ~CN
40 41 42
H
_N N R,

R; = phenyl, cyclohexyl, benzyl R; wl/ \\’/

, N~
O
R; = phenyl, —Q_( \Ner
NH,

43
Scheme 1.5

Amidines are also used for the synthesis of the pyrimidine derivative 46. The preparation

of pyrimidine 46 from the ketenedithioacetal 44 (Scheme 1.6). The preparation of the

cyanopyrimidine 48 from dicyanoketenedimethyldithioacetal 47 has also been reported

[46].
Cl cl
NH
CN + /u\ NaH, DMF
_—
| HoN NH,  benzene |
MeS SMe MeS

44 45 46
NC

CN
NH _NaOMeH,0
DR Ce f X,

MeS SMe H2N Ph

47 48 49
Scheme 1.6

10
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Substituted coumarin amidines are useful building blocks for the preparation of [1]
benzopyrano [4,3-b] pyridin-5-one and [1] benzopyrano [4,3-d] pyrimidin-5-one
derivatives. The synthesis of [1] benzopyrano [4,3-b] pyridin-5-ones 52 starting from 3-
cyanocoumarin 50, N-functionalized amidines 51 was reported Scheme 1.7. The ring-
closure reaction mechanism, under basic or acidic media, was proposed. Furthermore, the
reaction of 3-formylamidines 53 with ammonium acetate gave good yields of 2-

substituted [1] benzopyrano [4,3-d] pyrimidin-5-ones 56 [47] Scheme 1.8.

NH O
0 CH;ONa or t-BuONa
CH3OH or tBUOH
NH, O
Ry=CgHs, NR; = morpholine,diethyl amine Ry o
R,N ”
52
Scheme 1.7
(0] H O
R{ OHC o N’ 0
L HaCCOONH, \_/\ N
o//\\’/N N toluene A H
53
NH
N/

R1 CeH5 CH206H4, iPr

Scheme 1.8

11
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Here we report the synthesis of some amidines from nitriles. Direct reaction of nitriles
with amines is difficult so we use sodium methoxide to activate the nitriles. These
amidines are prepared by conventional method, refluxing the reaction content for 8 to 15
hours. Some compounds are purified by column chromatography and then they are

characterized by melting point, IH NMR, IR, and GC-MS.

12
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M

The amidine functionality has been found in many natural products [48,49] and amidine
containing molecules are found to be a critical part of many biological processes.
Substituted amidines are useful intermediates in the synthesis of many heterocyclic
compounds. Consequently, a plethora of methods have been developed for the
preparation of amidines The most common methods of preparation are from amides,
nitriles or thioamides An efficient one step preparation of an amidine by the direct
nucleophilic addition of an amine to the parent nitrile is an extremely desirable

transformation.

Literature methods include the preparation of

(i) N-monosubstituted amidines by

(a)Addition of Grignard or organolithium reagents to carbodiimides or cyanoamides,
followed by hydrolysis, and in this approach, a C-C bond is formed |
(b) Heating hydrazones in the presence of NaNH,,

(c) Addition of the anions of urea and amines to nitriles.

(d) Addition of amines to nitriles in the presence of AICl;,

(ii) N,N-disubstituted amidines by the reaction of secondary amines with imidic ester

salts derived from nitriles in which one C-N bond is formed.

(iii) N,N’-disubstituted amidines by the reaction of two moles of an amine with

orthoesters, acetals, or thioesters, in which both the C-N bonds are formed, and

(iv) N,N’-disubstituted and N,V,V’-trisubstituted amidines by imidoylation of amines

with imidoyl chlorides.

Some general methods reported in literature are discussed here from the different

reactants.
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Amidines from Amides or Carboxvlic acids:

Secondary amides 57 can be converted to imidoyl chlorides 58 with phosphorous
pentachloride, which can react with primary or secondary amines to yield amidines 59
Scheme 2.1[50]. This method is generally poor for preparing unsubstituted amidines
from primary amides but is an excellent general method for preparing di-and tri-
substituted amidines. Other reagents such as phosphorous oxychloride or thionyl chloride

can be employed in the synthesis of the imiddyl chlorides but usually lower yields are

obtained.

o PCls ¢ RrRRNH AR
R™ "NHR' R™NR' , R™ "NR'R"
57 S8 59
Scheme 2.1

Weintraub showed that secondary amides 60 were O-alkylated with triethyloxonium
fluoroborate at ambient temperature to yield imidic ester fluoroborates 61 which can be

converted to amidines 62 with amines [51].

j.\ Et30BF,, EIOH, 25 [ OFEt ° R'NH, )le
RTNHR  Repme " LRTONHR]TS e N NAR
60 | 61 62

Scheme 2.2

Kakimoto showed a novel direct synthesis of amidines 65 from carboxylic acids 63 and,
amines via intermediate amides 64 using polyphosphoric acid trimethylsilyl ester (PPSE),
generated in situ from phosphorous pentoxide and hexamethyldisiloxane, as the

condensing agent [52].

Et;0BF,, EtOH,25°C @ 65-68%  NR'
- _—

R—CO,H
PPSE, CH,Clp, 40°c R”™ "NHR' R NHR
63 Rean) 2™ 64 65
Scheme 2.3

Amidines from Nitriles:

The classical Pinner Reaction, discovered by Klein Pinner in the late 1800s, is probably

14
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the most commonly used method for the transformation of nitriles to amidines 68 [53]
Nitriles 66 are activated to the intermediate imidic ester salts 67 in the presence of
alcohol and hydrogen chloride under anhydrous conditions. Imidic ester salts 67 are then
reacted with amines, either in situ or after isolation, to generate amidines 68 [54]. The

Pinner protocol is the most widely used method for the formation of unsubstituted

amidines.
EtOH, HC (BH % NH
R—CN ' 2 R'R"NH /u\
R OEt R NR'R"
66 67 68
Scheme 2.4

The direct synthesis of amidines from nitriles and amines can only be achieved if nitriles
are substituted by electron-withdrawing groups [55]. Unreactive nitriles have been used
to prepare amidines in the presence of Lewis acids such as AICl; or ZnCl, at elevated
temperatures of 150-200 °C [56]. It has been shown that alkylchloroaluminum amides are’
useful reagents for the conversion of nitriles to amidines under milder conditions.
Garigipati found that addition of alkylchloroaluminum amides, generated conveniently
from trimethyl aluminum and ammonium chlorides, to nitriles 69 in warm toluene
efficiently afforded the desired amidines 71 in reasonable yields after hydrolysis of
aluminum species 70 [57] Moss has demonstrated that reaction with
methylchloroaluminum amide readily converted sterically hindered nitriles (72-75) to
amidines 77 (Scheme 2.5) [58]. ‘

MeAIC)NRR" PhMe, 80°c ~ NAI(C)Me  H,0 NH

= * K~
60-96% R” “NRR" -
R=Ar, ;Ikyl R NR'R

69 70 71

N Al(CI)M

MeAl(CI)NH2, PhMe, 80°C © H,O NH

ox : | e
R” "NH, R” “NH,

72-75 76 77
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, Me . Ph
35 D e B
PH
72 73 74 75

Scheme 2.5

Capdevielle has reported a general preparation of amidines from unactivated nitriles [59].

Stoichiometric copper (I) chloride induced addition of various amines to nitriles 76

provided amidines 77 in excellent yields.

R'R"NH, CuCl, Solvent NH
R-CN S R=Me, Ph
80-100% e R'R"=H,alkyl
DMSO, MeOH R™ "NRR
76 77
Scheme 2.6

Forsberg has shown catalytic use of Ln (III) ions in the presence of primary amines can

be added to unactivated nitriles 78 to give intermediate mono-substituted amidines 79,

which can react with another primary amine to yield di-substituted amidine 80 [60].

R'NH,,Ln(lI),80°C NH R'NH, /'l\lli
* R=Me, Ph - e - '
R'=Ph,cyclohexyl R NHR' R'=Phalkyl R NHR
78 79 30
Scheme 2.7

Judkins transformed benzonitriles 81 to intermediate benzamidoximes 82 that were then
successfully reduced to benzamidines 83(Scheme 2.8) via palladium-catalyzed
hydrogenolysis in acetic acid/acetic anhydride mixture [61]. Acetic anhydride was found\
to be a necessary acylating agent in providing useful reaction rates in the hydrogenolysis
step. The usual preparation of amidines via thioimidates failed for his specific substrates.
Dondoni employed iron pentacarbonyl to the conversion of amidoximes 84into amidines
85(Scheme 2.9) via reductive cleavage of the N-O bond [62].
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R R
NH,OH.HC!, Na;CO5 EIOH, H0.H,080°C NOH
R CN -
60-93% NH,
R" R=H,Me; R'=H,F Me R"
R"=H,0Me,Me, Et
81 R NH 82
H,,Pd/C, HOAc,écZO R
45-99% NH,.HOAc
RII
Scheme 2.8 83

NOH Fe(CO)s, THF,65°C NH

R=Ph,Ar } J\

R=Ph, Aralkyl & NAR
84 | 85
Scheme 2.9

Mioskowski prepared phenylthioimidates 87 from nitriles 86 in the presence of

R NHR'

thiophenol and HBr [63] Phenylthioimidates 87 were readily converted to amidine salts
88 in the presence of various amines. Schnur showed that additions of primary amines to

ethylthioimidates 89 under acidic conditions provided amidines 90(Scheme 2.11)[64].

® © ® ©
PhsH, ELO,HBr,°c  NH2Br RR'NHMeOH,25°C iz "
83-100% R Ph -PhSH 57-100% R NR'R"
R=aryl, Alkyl R'R"=H,alkyl,arylamino acid
86 87 - 88
Scheme 2.10
HN SEt HN NHR
RNH,,HOAc, CHCl3, 20°C
60-90% B
N(CieHaz)2 R=Ar,alkyl N(C1gHa3)2
2HC 2HCI
89 Scheme 2.11 90

Reported recently was a mild method for the synthesis of amidines. Schéfer employed the

use of N-acetylcysteine 92 to transform nitriles 91 to thioimido intermediates 93, which
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reacted with ammonia to give amidines salts 94(Scheme 2.12)[65]. The amidines are then
isolated as their acetate salts via ion exchange. The author describes procedures for both
stoichiometric and catalytic amounts of 92 to be used. This mild method allowed the
synthesis of amidines in complex molecules containing acid labile groups, base-sensitive

centers of asymmetry and functional groups sensitive to hydrogenation conditions.

HS/\HkOH - o - . o
HN NH,
92 \“/ R/u\s/\Hj\oH NH, )J\ HS/\Hj\OH
—_—
MeOH HN\"/ 67% R™ NH, HN\H/

R=amino acid | 0 O
alkyl

91 93 94
~ Scheme 2.12

Ohno reported an efficient synthesis of amidinoformic acids 99 using benzyl

i
O
Z
O
Y

cyanoformate 95 as a synthon. Benzyl cyanoformate was converted to thioamide 96 in
the presence of hydrogen sulfide [66]. Thioamide was S-alkylated with triethyloxonium
tetrafluoroborate to afford thioamidate 97 . Addition of one equivalent of amines to 97
furnished amidinoformic esters 98, which after hydrolysis with Dowex-1, provided

amidinoformic acids 99(Scheme 2.13).

S r\% (gF
2.0V 4
O.__CN H.s OW/U\ Et;OBF, 0
P 2 7~
Bn \”/ W Bn NH2_94‘%——> Bn/ SEt
0 o) o :
95 96 97
® O NH
. o NH, BF,
R'R"=H, alkyl,Ar Bn” ‘NHR | 92.95% o
o)
‘ 98 99
Cyclic Amidines: Scheme 2.13

Cyclic optically active amidines are strongly basic compounds, which can serve as
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auxiliary compounds for NMR analysis of enantiomeric mixtures of weakly acid
compounds or as ligands in catalysts for enantioselective synthesis. Buddrus synthesized
enantiopure C2-chiral amidines 102 from diamines 100 with D2-oxazolinium salts 101 or
imidic ester salts [67] Wynberg synthesized cyclic amidine 104 from diamines 103 with

trimethylorthoformate and formic acid [68).

Me oo
Me, N2 Ar| H
R H A S R
j/” 2 Me’(_g/ 101 ,MeCN, 25°C,2h j/N>_
— Vaual
‘v, ® o) 'y
R” "NH, NH,CI N
100 Ar OEt 83-97% 102
2. 5% Na,COj; ,EtOH,25°C, 4h
Scheme 2.14
X X
CH(OMe)3,HCO,H, 100°C
Me NH, X=H, Cl Me N\>
Me NH, Me NH
103 A 104
Scheme 2.15

A potent mannosidase amidine inhibitor 106 was prepared from D-mannose based lactam
105 via the intermediate thiolactam, which was reacted with benzylamine [69]. Williams
converted thionolactam 107 to amidines 108 in the presence of methanolic ammonia and
mercuric oxide [70]. Similarly, Ganem prepared amidines 110(Scheme 2.18), derivatives

of D-glucose, from thiolactam 109 as part of a study of inhibiting glycosidases [71].

Me O Me 0
NH 1. Lawesson's Reagent, C5HsN, N
Me o O  PhH,80°C(70%) Me o Y)—NHBr
2. BnNH,, CH,Cl,(68% -
OXO 2, CH Cl(68%) OX o
105 106
Scheme 2.16
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Me><o Me><0
Bn Bn
Me' 07| N NHs,MeOH,Hgo M€ O7| N
NH
o & o
Me”™ ‘Me Me” “Me
107 Scheme 2.17 108
s NH methanolic NH; or NHMe, HO
|'|-||8 . HO _~N
HO 80-85% HO /
S HO NR,
109 110 R=H or Me

Scheme 2.18
A one-flask synthesis of 2-dialkylamino 3-oxo-3H-indoles 113 via 3-oxo-3H-indole 112

from oxygen copper-catalyzed oxidation of indole 111 has been reported.

0 , 0
H N 50% N

111 . 112 113
Scheme 2.19

2-Aminobenzothiazoles, 2-aminopyrazine, 1-aminoisoquinoline, 2-cuninonaphthyridines

0,,CuCl, EtzN!‘J
MeCN,3ANS

all undergo reaction with formaldehyde and electron rich alkenes such as styrenes,
cyclopenta diene, cyclohexadiene and indene to give cyclic amidines (Scheme 2.20), or
in the case of the benzothiazoles, cyclic isothioureas. The relationship of the diverse

series of skeletons, which are easily prepared, to compounds of known biological activity

is emphasized [72].
% oY @E v
OH COOEt
antagonlzesplatelet Anthelmintic, ; .
scivatng faclor_ anicancer s b
114 115 116 - 117
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121 122 123
Scheme 2.20
The synthesis of the tetrahydropyrimidine derivatives 126(Scheme 2.21) was envisioned

by reaction of a benzimidate 124 with a suitable 1,3-diamine building block 125, the

pyrimidinone derivative should be prepared by condensation with the appropriate b-
(CH,Cla relux 2. /j\/
MeOH, rt 72h

124 N\) 126

R1= R2=H, R3= CH3
Scheme 2.21

alanine equivalent [48].

Bicyclic amidines:

The enantiopure bicyclic amidine bases 132 were synthesized from alcohol, v/a
alkylation of the appropriate nitriles [73]. In synthesis of 132 planned to use the pyrrolyl

substituent in 127 as a masked amino group, compatible with a nucleofugal leaving group
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even under strongly basic conditions. The synthetic pathway to 132 is summarised in
(Scheme 2.22). After conversion of 127 to iodide 128 the latter was used to bisalkylate
phenylsulphonylacetonitrile, employing the hindered guanidine 7-methyl-1,5,7-
triazabicyclo[4.4.0]dec- S-ene (MTBD) as base. Deprotection of the product 130 gave
diamine 131 in 40% overall yield from 127 and 131 might cyclise spohtaneously under
the deprotection conditions. Although this did not occur, treatment of 131 with lanthanum

triflate in methanol gave 132 in an acceptable yield of 65%.

@ (1) MeC1.Py U PhSO,CH,CN O O

—_—_
(I1) Nal, acetone N (\ /j SO,Ph
\’)\/\ W)\/\I N /)\ W
Ph
127 128 (1) O3, MeOH, NaBH
X=OH (1) HCI,MeOH, NaOH
SO,Ph NH
(1) La(OTf)3,MeOH 2 sozph NH,
Ph = Ph Ph Ph
N N EtOAc wash with
Ph |!| Ph aq.HClthen NaOH - Ph CN Ph
132 131

Scheme 2.22
To access enantiopure bicyclic amidines without the electron-withdrawing sulphony!
group, the methodology was extended in two respects. Firstly, as shown in Scheme 2.23,
the guanidine-catalysed alkylation on ethyl cyanoacetate, giving an intermediate 133
which could be deethoxycarbonylatéd to nitrile 134. Unmasking of the amino groups and
bicyclisation, as in (Scheme 2.22), gave amidine 137. Secondly, the bis-alkylation of
phenylacetonitrile using LDA [74] as base led to nitrile 135, Scheme 2.23, which was

transformed as before into bicyclic amidine 136.
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B B [N

N
\H\/\ DMF {P“MCOOE‘ 160°C 6h. M/
N
A Ph CN
N 133
Me
LDA, PhCH,CN j
THF HMPA
I\ H
N —
R Ph o .
PhMPh . W\\ N I;l
Ph H
Ph CN
135 136 137
Schem_e 2.23

Amidines from esters:

The conversion of esters to amidines with 1-5 equiv. methylchloroaluminium amide
‘followed by hydrolysis of the aluminium complexes with methanol Scheme 2.24 is
reported in literarure. The quenching conditions seem to be crucial for the isolation of
amidines or amides, the amides would then be the hydrolysis products of the amidines.
This method is useful for the preparation of aromatic, heteroaromatic, and benzylic and

aliphatic amidinium hydrochlorides in moderate to high yields [75].

0
e 1)MeAI(Cl)NH2 )l\ hel
R™ N0 2 MeoH
138 139
MeO. O HN_ _NH
1)MeAI(C)NH,
2) MeOH
140 141

23



Literature Survey

o NH
OMe NH,
OO 1)MeAl(Cl)NH, -
2) MeOH - OO
OMe OMe
142 143
Os__OMe HN - NHz
1)MeAl(CI)NH,
2) MeOH -
144 CN CN 145
Scheme 2.24

Even nitriles as further substituents are tolerated 144, in contrast to previous studies,
which described the selective transformation of nitriles to amidines in the presence of
esters [76].

Miscellaneous Amidine Formations:

Some amidines derivatives have also been prepared from 1- cyano —D-glactal 146. With
ethylenediamine, the imidazoline 148 crystallised from the reaction mixture. 1,2
phenylenediamine did not react with 147 but its dihydrochloride gave the benzimidazole

149(Scheme 2.25). This reaction, performed under essentially neutral conditions [77].

OR o [ OH
OR] NaOMe/MeOH, o NHHNCH,CHNHyEtOH  OH Lo N
OR CN OH yy > OH 4
Z rt1d o refluxsh. Z
147 N
146 148

R=OMe 0O-CgH4(NH,.HCI),/EtOH
reflux, 0.5h.

OH
oH| o N
OH > /D
HN
149

Scheme 2.25

R=Ac, H
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The synthesis of amidines was also achieved by the addition of amines to amides that
were previously activated with trifluoromethanesulfonic anhydride (triflic anhydride) and
pyridine (Scheme 2.26). Various disubstituted and trisubstituted amidines were prepared
in yields up to 84% [78]. Secondary and tertiary amides can be activated with
trifluoromethanesulfonic anhydride (triflic anhydride) to generate the corresponding
iminium salts which can further react with ethanol, hydrogen sulfide, '*O-labeled water,
aminothiols or 1,1,1 tristhydroxymethyl)ethane to give the corresponding ethyl esters,
thioamides, '®0-labeled amides, thiazolines and cyclic orthoesters, respectively. Dossena
and co-workers have also reported similar results using triflic anhydride and 2,6-di-fert-
butylpyridine for the activation of simple amides (usually DMF and N,N-
dimethylacetamide) and their subsequent conversion into thioimidates, esters and O-alkyl
thioesters. They also reported the formation of amidine salts when an amine was added,
but only two examples were reported and the yields were moderate (57% and 59%). Then
a general protocol is developed to access amidines in high yields from both secondary
and tertiary amides based previous findings and using pyridine as the base. The addition
of triflic anhydride to a secondary or tertiary amide and pyridine would generate the
iminium triflate that should be converted into the amidine upon addition of the
appropriate amine.
0 ort 7O
RJ\N,Ri» )%ﬁ/Rz RsNH, i R

R |
R1 R1 |

Amines
150 Me,NH  Ry=Ry=Me
151 EtNH,  Ry=H, R,=Et
152 BnNH;  R,=H, R,=Bn

Scheme 2.26

Debenzylation of 5-benzyloxy-1,2,4-oxadiazole 153 would give the corresponding 1,2,4-
oxadiazolin-5-one which, under the reaction conditions employed should reduce further
to the required amidine 154 (Scheme 2.27) [79].
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Results and Discussion

2-Cyanopyridine, 4-cyanopyridine and 2-cyanopyrazine on refluxing with amines in
methanol do not give condensation product (III, Scheme 3.1). 2-Cyanopyridine, 4-
cyanopyridine and 2-cyanopyrazine when first treated with catalytic amount of sodium
methoxide in dry methanol at room temperature for 3-4 h and then adding amine and.
allowing the reaction contents to reflux for 8-16 hours, gave condensation products in
good yields. Direct condensation of cyanopyridine or cyanopyrazine with amine is an
addition reaction, which does not take place, however, in the presence of sodium
methoxide an intermediate (I’ Scheme 3.1) will be formed in situ, which can easily

undergo substitution reaction with amine to give condensation products in good yields.

R—CN * R'NH, leﬁé» R- CNHR'
15 h. NH
\_7", N7, \
Ia Ib Ic
4 MeoNa in abs. methanol L
X" N : _ ) S
l /:L stirring at RT for 3-4h. "\ z OMe
Y CN
I
MeOH | R'— NH2
8-12h.
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to the required amidine 154 (Scheme 2.27) [79].
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NR'
R'NH, 1
RCN + 2RNH, Smb ”H ] RCNY [RCN
R—C—NHR’ Sml,

155 156

R = CHjs, Ph, PhCH,
R'= n-CaH7, n-C4H9

Scheme 2.28
Microwave enhanced synthesis of amidines:

A simple and efficient microwave based protocol for the synthesis of heterocyclic
amidines by PPE promoted cyclodehydration of N-aryl-N-acylalkylenediamines is
reported(Scheme 2.29). The method is general for five- to eight-membered heterocycles
and affords high yields of the desired products in remarkably short reaction times.
Cyclocondensation is one of the most important methods for the synthesis of
heterocycles. These reactions usually require long reaction times, high temperatures.
Previously polyphosphoric acid esters PPE (ethyl polyphosphate) and PPSE
(trimethylsilylpolyphosphate) were used as mild dehydrating agents for the preparation of
tetrahydropyrimidines [34]. The main limitation of this procedure is long reaction times
resulting in lower yields of the products in some cases. Recently, reactions performed
under microwave irradiation proceed in general faster, more cleanly and with better
yields than under conventional heating [81,82].
o R
e e
n
2 159 160
Ar =4-CICgH,, CsHs, 4-CH,CgH,
R = CgHs, C,Hs C(CHa)s

Scheme 2.29
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Microwave reactions of primary and secondary amines with imidoylbenzotriazoles gave
diversely substituted amidines in 76-94% yields. Different type of amidines can be
prepared by this method N-monosubstituted amidines N, N-disubstituted amidines N,N’-
disubstituted Amidines N,N’-disubstituted and N,N,N -trisubstituted amidines(Scheme
2.30)[83].

R2
2 -
N’R H MWI* N|
I A e
Bt R' R¥ "R* R
! R4
161 162 163

Bn = benzotriazole R = Me, Ph, Bn, 2-furyl
R2 = Ph, Bn, p-tolyl, cyclohexy!
R® = Et, Bn, p-tolyl, cyclohexyl
R*=Et H, Me
Different reaction conditions have been used there for the preparation of different kind of
amidines.
Reaction conditions: 1) solvent, HOAc; MW, 120 W; temperature, 120 °C; reaction
Time, 10 min.
2)AICI; (catalytic amount); solvent, CHCl3;; MW, 80 W;
Temperature, 80 °C; reaction time, 10 min
3) HCI salt of amine used;
4)CHCIl;; MW, 80}W; temperature, 80 °C; reaction time, 10 min
Scheme 2.30
However there are few reports on the synthesis of fluorinated arylamidines. In the past
few years’ organofluorine chemistry has returned as an expanding and productive area of
research. Furthermore, organofluorine chemicals have found a wide range of applications
in medicine and agriculture due, in part, to the unique biological properties imparted by
the fluorine. A series of o-fluoro subustituted amidines were synthesized from
corresponding fluorinated imidoyl chlorides in good to excellent yields. Different kind of

amines have been used to expand this reaction. In these cases the nucleophilic

substitution reaction proceeded smoothly to give the corresponding disubstituted
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amidines in good to excellent yields. It was interesting to find that different kind of amine
had dramatically different reactivity in this transformation. Strong electron-withdrawing
groups in N-aryl of imidoyl chlorides would promote the reactions rates, and short
reaction time was needed. On the other side, nucleophilic reagent with strong electron-
withdrawing groups (NO>) would prolong the reaction time and the catalyst PdCly(PPhs),
was needed. Usually, the reactions of aliphatic amine and ammonia with imidoy!
chlorides can proceed quickly under room temperature and the reaction could be
completed within 5— 30 min while the substitution reactions of aromatic amines needed
heating to 80°C to obtain desired results. Generally speeking, an addition—elimination
route was involved in the active amine (Scheme 2.31). But for unreactive amine, a

palladium promoted coupling mechanism is more reasonabl [84].

Ar\N Ar\N
J\ + R—NH, —————» /Ik
R Cl R” "NHR
164 165 166
AN A™N RNH A
| — g% I
)\ Cl R¢”™ “NHR
R cl R¢” PdL, f
164°
Ar\N Ar\N) AI'\N
J\ + RNH, — /i\ —_— J\
N ) ReONAR
164”

Ar = 3,4-2F-CgH,, 4-CH30-CgH,

Ry = BrF,C, F4C,

R = 4-CH30-CgHy, CgHs NH;

Scheme 2.31

Amidoximes are also of biological interest, as they serve as prodrugs for amidines and
certain acyl derivatives are highly active against cytomegalovirus. As an important class
of N-substituted derivatives, N-aryl amidines possess potent activity as well against nitric
oxide synthase and various microbial diseases. N-Aryl amidines are typically prepared
from anilines, either by direct reaction with a thioimidate or, under more forcing

conditions with a nitrile. O-Benzyl-N-arylamidoximes 167 have been regioselectively
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deprotected to provide either N-aryl amidines 168 or amidoximes 169(Scheme 2.32). As
a result, the targeted compounds can now be prepared using palladium-catalyzed N-

arylation chemistry [85].

Ha,PdC,Ac,0,AcOH NH
or HsC —
NOGH,CH | HCONHa: PAIC, EXOH HN@R
- —_ 168
LG
R NOH
HsC —
167
HBI/AcOH(30%wt)65°C HN \
“R
169

R = H, 4-CF5 4-CgHs, 3-OCH; (for amidines)
R =H, 4-CN, 4-NO,, 4-CgHs, 4-CI (for amidoxims)
Scheme 2.32
Amidines from aryl halides are also reported in literature. Palladium-catalysed reéction of
an aryl bromide 170 with sodium phenoxide and cyclohexyl- or n-butyl-isocyanide in
dioxane at 98°C for 4 h followed by addition of an amine (5 equiv.) and acetic acid (3
equiv.) and heating for a further 3 h gave the amidines 173 in excellent overall yields.
This procedure for the synthesis of amidines via the corresponding imitates 172,
overcomes the isocyanide component limitations of the direct amidine synthesis. The
developed methodologies should find application in the synthesis of valuable
intermediates as well as in pharmaceutical discovery [86].
5mol%PdCl,

NR
10mol% dppf 1
ArBr + PhONa + R4NC >
e " dioxane,98°C Ar)j\oph
170 171 172
172°
NR;  NHR,R;, AcOH
dioxane,98°C

173 Ar”" NRyR,
ArX = CgHsBr, p-MeCOCgH,Br, 3-Bromopyridine
R?, R® = Ph, H; PhCH,,H

R'NC = BuNC, CyNC
Scheme 2.33
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1,1-bis (- diphenylphosphino) ferrocene (dppf, 10 mol%)
A method was developed for novel amidine synthesis that allows the preparation of
heterocyclic amidines that were previously unknown and difficult to prepare by published
methods. The route involves the lithiation of heterocycles by the action of n-BuLi
followed by reaction with carbon disulfide and trapping with methyl iodide, yielding a
dithioate ester. The latter, when heated in 20% methanolic ammonia at 80°C in a sealed
tube provides the heterocyclic amidines directly, in good yield. The products are isolated

by crystallization of the respective hydrochloride salts (Scheme 2.34)[87].

NH

[N\> n-Bulli, CSz,THF,-78°=C [N\: (S anhyd. ammonia; [N\> (
N\ Mel, warm to RT N\ SCH, N\ NH,
CH; | CH, CHs
174 . 175 176
Scheme 2.34

Wenext synthesized the anthranilic and salicylic amidines. The anthranilic amidines 179
(Scheme 2.35) were synthesized from2-aminobenzonitrile 177 or 4,5-dimethoxyl-2
aminobenzonitrile. Reductive amination 177 with 4-pyridinecarboxaldehyde proceeded in
the presence of NaCNBH3, giving the corresponding benzonitriles 178 in 41% yields.
Amidine formation with various amines was promoted by trimethylaluminum to afford

the corresponding anthranilic amidines.

Ry oN HN
R‘:@[CN AcOH,MeOH ,NaCNBH; I:[ RNH,,AlMe;, toluene,70°C Rt ;@EgNH
R; NH;t-pyridin::carboxaldehydeR1 NH “ | R, NH
O N

N
177 178 179 Z

Scheme 2.35

Salicylic amidines 182 were also synthesized from 2-hydroxybenzonitrile 180 and 4,5-

dimethoxyl-2-hydroxybenzonitrile [29].
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RZ
R! CN HN”
Rjr\:[CN i)KOH,MeOH; jr\:( RNH,,AlMej, toluene, 70°C Rj@igm
———— R o >
R! OH n[))h:;:c:\frgmrthyl Et;N R! 0o
,140°C I A
181 2N |
180 182 _N
R!'=H, OMe .
R2 = 2-CF4CgHy,, 4-CICgH,, 2CICgH,
Scheme 2.36

General synthesis of substituted amidines has been also worked out starting from a nitrile

compound, an alkyl halide, a Lewis acid and an amine. In this method four steps are

involved (1) Formation of a nitrile-Lewis acid complex 184.

(2) N-Alkylation of this complex 184 with an alkyl halide and formation of a nitrilium
salt 185.

(3) Aminolysis of the nitrilium salt 185 with ammonia, a primary or a secondary aliphatic
or aromatic amine to get the amidinium salt 186.

(4) Neutralization of the amidinium salt with a base yielding the substituted amidine 187.

In practice, the amidine 187(Scheme 2.37) is obtained in a one-pot synthesis and none of

the intermediates needs to be isolated. |

A number of aliphatic or aromatic mono-, di- or tri-substituted amidines containing

aliphatic, cycloaliphatic or aromatic substituents shows the generality of the method. The

very mild reaction conditions make this process particularly useful for the 'synthesis of

thermal sensitive amidines [88].

R'C_ re=Rrirec
RCN + FeCl; — RCN— FeCl; —— 4
185
183 184 l R2R3NH
NR! 19
= H,O/base _NR'H
RC\ 4—2-—— R(a{é FeCl,
2R3 N
187 NRR NRZR® 186
Scheme 2.37

Derivative of 5- amidie indole displays competitive kinetics for the inhibition of human

a-thrombin. Two different synthetic strategies were employed to prepare either the 2-
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phenyl or the 2-benzyl analogs. The former analogs were prepared as outlined in
(Scheme 2.38) Hydrazones 190 were prepared from the condensation of hydrazine 188
with the corresponding ketone 189 in refluxing methanol. Polyphosphoric acid was
employed to fashion the indole skeleton to give 191. The nitrile functionality was
introduced using cuprous cyanide/quinoline in a sealed tube at 230 °C. The amidine
moiety was prepared from the corresponding nitrile via a two-step procedure. The
intermediate imidoester was prepared by treatment with hydrochloric acid/ethanol, the
solvent was removed and the resulting solids treated with saturated ammonia/ethanol to
give 193 [89].

188 190 (/7 \
189 -\' J =H. oMe
R = Me, Et
NH R
A\ x
193 4

a) MeOH, reflux,10h; b)polyphosphoric acid 120°C 3h.; ¢) CaCN/quinoline 230°C 1h
d) HCI/EtOH 0°C to rt, 10h.; €) NH4/EtOH in a sealed tube, 80°C 24h.; f) preparative HPLC
purifucation (CH3CN/H,0 with 1% TFA

Scheme 2.38
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IIIa
IIIb

Illc

I1Id

Ille

IIIf

CH
CH

CH

CH

Y Z R
N N |>—
N N —CH,CH,0H

N N -—HZC’@

S o

N N "HzCHzCHzC-Né

N CH cH [>—

N

CH CH —CH,CH,OH
Scheme 3.1

2-cyanopyrazine Ia and MeONa was taken in abs. Methanol and the reaction mixture was

stirred at room temperature leads to the formation of intermediate I’a, after 3-4 hour of

stirring, to this in situ generated intermediate, cyclopropyl amine was added. The

reaction mixture was refluxed in dry methanol. Crude product obtained was purified by

crystallization to give pure product, which was then fully characterized by IR, '"H NMR,

and mass spectral data.

MeOH(abs )
S S

NH I'a

1Ila

Compounds III(b-d) were similarly prepared and had been confirmed by spectral data

reported in Table-1
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Table 1: Spectral data and physical constant of compound Iﬂ(a-n

Comp.

No.

Solvent of

Crystallization

Yield
(%)

m.p.
‘o)

Spectral Data

IIa

Diethyl ether

+ethyl acetate

35

130(d)

IR (KBr) vmax: 3464(NH) 1621 (C=N),
1568 and 1409(Ar) cm™

'H NMR(60MHz, DMSO-dg) 6: 4.0(s,
5H), 8.3(s, 2H, Py), 8.9(s, 1H, Py).

IIIb

Diethyl ether

32

101

IR(KBr)Vimax:3446(NH), 1635 (C=N),
1556 and 1401(Ar) cm’’

GC-MS m/z 148(M*-H,0, 78%), 147
(C7HsN,", 34%), 120 (CsHiN4, 21%),
119(CsH3Ny", 81%), 79(CsH;3N,", 100%)

IIle

Diethyl ether +
ethyl acetate

52

150(d)

IR (KBF) Vimax: 3433 (NH), 1632 (C=N),
1564 and 1418 (Ar) cm™.

'"H NMR(60MHz, DMSO-dg) 8: 4.6(s,
2H), 8.0(s, 2H), 8.9(br signal, 2H), 9.4(s,
2H).

II1d

Diethyl ether

39

65

IR (KBr) Vinax: 3433 (NH), 1650 (C=N),
1464 and 1421 (Ar) cm™.

GC-MS m/z 149(C7HsN,", 100%), 135
(CeH7N,", 58%), 119(CsH3N4*, 23%), 98
(CsHgNO", 39%), 79(C,HsNy,", 38%).

'"H NMR(60MHz, DMSO-dg) &: 2.3(m,
6H), 3.4(m, 6H), 8.7(d, 2H, Py), 9.4(s,
1H, Py) '

Ile

Diethyl ether +
ethyl acetate

31

160

IR (KBr) Vimax: 3443(NH), 1630 (C=N),
1555 and 1414(Ar) cm™
'H NMR(60MHz, DMSO-dg) 8: 3.6(s,
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SH), 8.0(br signal, 3H), 8.7(br signal, 1H).

IIIf Diethyl ether | 29 115 IR (KBr) Viax: 3451(NH), 1600 (C=N),
1556 and 1457(Ar) cm™.

GC-MS m/z 147(M*-H,0, 41%), 146
(CsHoN3", 30), 119(C¢HsN™, 12%), 118
(CsHaN3", 100%), 78(CsHsN", 29%).
'"H NMR(60MHz, DMSO-d) &: 3.9(s,
4H), 7.9(d, 2H), 8.7(d, 2H).

Further when the reactions are carried out with diamines (Scheme 3.2), five and six

membered products are obtained by the elimination of ammonia molecule.

B -2
X \j\ MeONa/MeOH )|(I\ A H,N—A—NH, X
- - - L OMe | ———— |
kY/ CNstlrrlng atRT for 3h. % MeOH A Y/ NH
I I NH 13-15h. NI_ |
IV(a-g)
X Y z A

IVa cH N N —(CHy),—

IVb CH N N ~(CHys-
H
IVe CH N N —HZC—Cl:—CHa
Ivd N CH CH ~(CHj)>-
IVe N CH CH -~(CHp)s-
H
IVf N CH  CH —HC-C—Ch,

IVg CH N CH -(CHy)—
Scheme 3.2
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When 2-cyano pyrazine (Ia) and Sodium methoxide was taken in dry methanol, stirred at

room temperature to give intermediate (I’a) to this in situ generated intermediate 1,2-

diamino ethane was added and this reaction mixture was refluxed in dry methanol. Crude

product obtained was purified by crystallization to give pure product (IVa, Scheme 3.2),

which was fully characterized by IR, NMR and mass spectral data.

N

Ia

(/N-=>—CN

MeONa/MeOH
—_—

stirring at RT for 3h.

Gy

-

HoN

A MeOH
13-15h.

HN

Q%];”d

compounds 4(a-g) were similarly prepared and have been confirmed by spectral data

reported in Table 2

Table 2: Spectral data and physical constant of compound IV(a-g)

Comp. | Solvent of Yield (%) | m.p. | Spectral data
No. crystallization/ ‘c)
Elution
IVa | Ethyl acetate + | 35 170 | IR (KBr) Vmax: 3422(NH), 1627 (C=N),
methanol (8:2)* 1559 and 1421(Ar) cm’
GC-MS: m/z 148(M", 19%), 147(M-
H', 62%), 120(CsHaNy", 4%), 119
(CsH3Ng™ 13%), 79(C4H3N,", 100%).
IVb Ethyl acetate + | 45 97 IR (KBr) Vmax: 3414 and 3361(NH),
methanol (7:3)* 1627(C=N), 1567 and 1405(Ar) em’.

'H NMR (500 MHz, CDCl3) &: 1.88(m,
2H, -CH,-), 3.53(t, 4H, -CH,-NH + -
CH»-N), 8.45(s, 1H Pyr), 8.61(d, 1H
Pyr), 9.4(s, 1H Pyr).
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GC-MS m/z 162(M", 88%), 161(M"-
H’, 100%), 134(CsHgN4*, 10%), 120
(CsHaN4", 8%), 79(C4H3N,", 81%).

IVe

Ethyl acetate +
methanol (8:2)*

33

Hygro-

scopic

IR (KBr) Vimax: 3432(NH), 1566 and
1426(Ar) cm’.

'H NMR (500 MHz, DMSO-dg), 5:
.51(d, 3H, -CH3-), 2.59(s, 1H, -CH),
3.15(d, 1H, -CH), 3.35(d, 1H, -CH),
8.01(d, 1H Pyr), 8.06(d, 1H Pyr),
8.51(d, 1H Pyr).

GC-MS m/z 162(M*, 43%), 147
(C7H7N4",100%), 119(CsH3N,*, 35%),

79(CsHsN,*, 80%).

Ivd

Ethyl acetate +
diethyl ether

35

98

IR (KBr) Vimay: 3482(NH), 1634 (C=N),
1548 and 1401(Ar) cm™

GC-MS m/z 147(M", 43%), 146(M*-H",
25%), 119(CeHsNs", 12%), 118
(CsHaN3", 100%), 78(CsHAN", 38%).

IVe

Ethyl acetate

57

85

IR (KBr) Vinax: 3416(NH), 1624 (C=N),
1562 and 1417(Ar) cm™

'H NMR (500 MHz, DMSO-dg), 8
1.68(m, 2H, -CH,-), 3.29(t, 4H, -CH,-
NH + -CH,-N), 7.56(d, 2H, Py), 8.53(d,
2H, Py). '

GC-MS m/z 161(M", 34%), 160(M"-
H’, 100% ), 133(C;H;N3*,10%), 118
(CéHsN3" ,8%), 78(CsH{N", 37%).

IVt

Ethyl acetate +
methanol (8:2)*

38

Hygro-

scopic

IR (KBr) Vmax: 34167 (NH), 1648
(C=N), 1551 and 1415 (Ar) cm™
GC-MS m/z 161(M", 30%), 160(M"-H ,
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8%), 146(CsHgN;", 100%), 132
(CsHsN,", 28%), 118(CsHyN;", 84%),
78(CsHN", 41%).

'H NMR(60MHz, CDCl;) 5:1.3(broad
signal, 4H), 3.3(broad signal, 2H), 7.9(d,
2H, Pyr), 8.8(d, 2H, Pyr).

IVg

Ethyl acetate +
methanol (8:2)*

30

Hygro-

scopic

IR (KBr) Vmax: 3438(NH), 1617 (C=N),
1568 and 1433(Ar) cm™

GC-MS m/z 147(M", 68%), 146(M*-H",
28%), 119(CsHsN3*, 15%), 118
(CsHaN3", 53%), 92(CsH4N,", 28%),
78(CsH4N", 100%).
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.z
x“%xy , _MeONaMeOH )I(l\ S
U ,]\ stirring at RT for 3h. NS OMe
Y~ cN ‘
I I' NH
13-15h{ Ho2N—A—NH;
A MeOH
| R
SUN »
P NH—A—HN
Nj\m “ Yt“/
NH NH
V(a-d)
X Y z A
Va CH N N ~(CHy)4—

Vb CH N N —(HC);—N N—(CHy);—

(o] (o)
—HC)3—< X )—(CHys—
0] (0]

vVd N CH CH  =(CHp4-

Ve CH

Z
Z

Scheme 3.3
When the reactions of cyano pyrazine and cyano pyridine were carried out with 1,4-
diamino butane, it leads to the formation of dimeric product rather than giving the seven

membered ring, which is quite unstable as compared to five and six membered ring.

N
—n ¢ NH, MeONa/MeOH [ N NS
— viedhalelr
) NH, A N NHCH,CH,CH,CH,NH l ~
N
NH Va

NH

. The reactions were also carried out with more bulky amines, also in that case dimeric
products are obtained. Compounds V(a-d) are similarly prepared and fully characterized

by spectral data, which is reported in Table 3.
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Table 3: Spectral data and physical constant of compound V(a-d)

Comp.
No.

Solvent of

crystallization

Yield (%)

m.p.
‘0

Spectral data

Va

Methanol

42

180

IR (KBr) Vimax: 3396 and 3305(NH),
1638(C=N), 1596 and 1470(Ar) cm™
'H NMR (500 MHz, DMSO-dg), §: 1.75
(s, 4H, 2X-CH,-NH), 3.26(s, 4H, -CH,-
CH;-), 6.51(br s, 2H, 2X -NH, exch.),
8.62(s, 2H, Pyr), 8.70(s, 2H, Pyr) 9.32(s,
2H Pyr).

GC-MS m/z 175(CoH N4, 85%), 147
(C7H7N4", 38%), 121(CsHsN4*,11%),
119(CsH;3N,", 98%),79(C4H3N,",100%).

Vb

Ethyl acetate

83

165

IR (KBr) vimax: 3445(NH), 1644 (C=N),
1413(Ar) cm’.

'H NMR(60MHz, DMSO-dg) 8: 2.6(br
signal, 8H), 3.4(br signal, 12H), 8.2(is,
2H), 8.7(br signal, 2H), 9.4(br sig, 2H).

Ve

Ethyl acetate

85

135

IR (KBr) Vimax: 3450 (NH), 1633 (C=N),
1560 and 1466(Ar) cm™

vd

Ethyl acetate

40

96

IR (KBr) Vimax: 3415 (NH), 1610 (C=N),
1563 and 1418(Ar) cm’!

'H NMR (500 MHz, DMSO-dg), &:
1.70(s, 4H, 2X-CH,-NH), 3.15(s, 4H,
2X-CHy-), 7.70(D, 4H, Py), 8.57(t, 4H,
Py).

GC-MS m/z 174(CoH 2N5*, 70%), 160
(CoHoN3", 10%), 146(CsHgN;", 13%),
118(CHsN3", 100%).
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Experimental section:
M

4.1 CHEMICALS AND SUPPLIERS:

S No. Chemicals Suppliers
1. 2-cyanopyrazine Aldrich

2. 4-cyanopyridine Aldrich
3. 2-cyanopyridine Aldrich
4. 1,2-diamino ethane Aldrich
5. 1,3-diamino propane Aldrich
6. 1,2-diamino propane Aldrich
7. 1,4-diamino butane Aldrich
8. 2-amino ethanol Aldrich

9. Cyclopropyl amine Aldrich
10. 2-thiophene methyl amine Aldrich
11. 1,4-Bis(3-aminopropyl)piperazine Aldrich
12. 1-(3-aminopropyl)pyrrolidin-2-one ~ Aldrich
13. Diethyl ether Merck

14. Ethyl actetate Qualigens
15. Methanol Rankem
16. Chloroform Rankem
17. Petroleum ether Merck

18. Silica Gel (60-120 mesh) Qualigen
19 2,4,8,10-tetraoxaspro[5,5]- Aldrich

undecane-3,9-dipropaneamine



Experimental Section

the residue left behind was scratched with diethyl ether and the solid separated out was
filtered, give crude product, which was purified by column chromatography over silica
gel. Elution with ethyl acetate: chloroform (8:2) removed side products and further

elution with ethyl acetate: methanol (8:2) gave pure condensed product.

Other compounds IVa, IV(c-g) were similarly prepared. Yield, melting point, solvents of

crystallization are reported in Table 2.

4.3.3 N-(4-(pyrazine-2-carboxamidino)butyl)pyrazine-2-carboxamidine (Va):

Sodium metal 23 mg was dissolved in 20 ml absolute methano! and was labeled as
sodium methoxide solution in methanol. 2-Cyanopyrazine (0.210g; 2 mmol) was
dissolved in absolute methanol (8 ml) and to it was added sodium methoxide solution
(2.5 ml) prepared above, the reaction contents were stirred at room temperature for 4 h
and then 1,4-diamino butane (0.088 g; 1 mmol) was added to it. The reaction content was
refluxed for 15h. After the completion of the reaction solvent was removed under reduced
pressure and to the residue left behind was scratched with ethyl acetate, the solid

separated out was filtered, give pure condensed product.

Other compounds V(b-d) were similarly prepared. Yield, melting point, solvents of

crystallization are reported in Table 3.
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Experimental Section

Amidines

O

N-cyclopropylpyrazine-2-carboxamidine

Illa

N\ ‘
2 H,NCH,CH,0H [NJWNchchon
NH IIIb
N-(2-hydroxyethyl)pyrazine-2 carboxamidine
BN | b
3 s~ ~CHaNH, P NHCHzﬂ
N S ,
NH IIlc
N-(thiophen-2-ylmethyl)pyrazine-2 -
carboxamidine
L " 3
| A
4 ,?, o [N/]\H/NHCHZCHZCHz_Né
CH,CH,CH,NH,
NH II1d
N-(3-(2-oxopyrrolidin-1-yl)propyl)pyrazine-
2-carboxamidine
N
' I
NH Ille
N-cyclopropylisonicotinamidine
N
6 H,NCH,CH,OH I/ NHCH,CH,OH

NH IIIf
N-(2-hydroxyethyl)isonicotinamidine:
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NH,CH,CH,NH,

NN
<ﬁ Nj IVa

2-(4,5-dihydro-1H-imidazol-2-yl) pyrazine

NH,”""NH,

Ny
<=—N>_§/N:> IVb

2-(1,4,5,6-tetrahydropyrimidin-2-yl) pyrazine

NH
HZNJ\/ 2

H
7 N\N_("
(N_:>_<\Nj\ IVe

2-(4-methyl-4,5-dihydro- 1H-imidazol-2-yl)

pyrazine

10

NH,CH,CH,NH,

H
®_<N
N \ j
\ / N Ivd

4-(4,5-dihydro-1H-imidazol-2-yl) pyridine

11

NH,”""NH,

N
oD
— HN IVe

2-(pyridin-4-yl)-1,4,5,6-tetrahydropyrimidine

12

J\/NHZ
H,N

H
®_<N
N
N /N j\
N 1A

4-(4-methyl-4,5-dihydro- 1H-imidazol-2-yl)
pyridine

13

NH,CH,CH,NH,

H

N N
O
=/ N7 Ivg

2-(4,5-dihydro-1H-imidazol-2-yl)pyridine
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N N
@ ]
14 NH, N/j\n/NHCHZCHZCHzCHzNHj,):N/
NH, NH NH
Va
N-(4-(pyrazine-2-carboxamidino) butyl)
pyrazine-2-carboxamidine
N N
[ j\rrHN(H C—N N (CH)NH# j
15 ~ 213 - 273 -~
HN(H,C)s—N  N—(CHpNH] N A ' N
2N(H,C)3 (CHz)3NH; | M NH
Vb
N-(3-(4-(3-(pyrazine-2-carboxamidino)
propyl)piperazin-t-yl)propyl)pyrazine-2-
carboxamidine
> N )
16 0 0 NJWHN(HZC)\@—(O O)—(CHz)aNH N
HzN(Hzc)3_<o X O>_(CH2)3NH2 T NH
Ve
dimeric amidine of 2,4,8,10-tetraoxaspro ‘
[5,5]-undecane-3,9-dipropaneamine
N SN
17 NH ! = NHCH,CH,CH,CH,NH | —
2 .
CNHZ NH NH

vd
N-(4-(isonicotinamidino)butyl) isonicotin

amidine
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Conclusion:
%
As we have seen that amidine derivatives show biological activity and are also used in
the synthesis of heterocyclic compounds, which also show biological activity. We have
synthesized some amidine derivatives starting from nitriles and amines. Direct reaction of
nitrile with amine was not possiblé so we used sodium methoxide in absolute methanol to
carry out the reaction for the synthesis of amidines. We have synthesized some
monomeric amidines ITI(a-f) using monoamines, some cyclized amidines IV(a-g), and
some dimeric amidines V(a-d) using nitriles with diamines. These are purified by column
chromatography or by crystallization. These all synthesized and purified products are
characterized by melting point, IR, 'H NMR, GC-MS.

49






Spectra

|

(

LE'60vi

NH

jwnu—q

N
NZ

€8'89G1

96°L29l

YL POvE

2000 1500 1000 500

Wavenumbers (cm-1)

. 3000

15
14
13

11+
10

*124

© 8Juenjuisuell %

50

Figl




Spectra

N

vl iovl

I¥9cci
88'GE9|

";k( NHCH.CH,OH
NH .

(

500

1000

2000

Wavenumbers {(em-1)

2500

3000

18

16
14
12

o @ w =t o
-

ajueRjuisues L %

Fig. 2

51



Spectra

500

LLU'ELS

1000

C9'9LEL
1Z2:134]

1500

6G'V9G1
10cest

2000

Wavenumbers (cm-1)
g

3000

O EEVE

Jduenjusuel L %

52



Spectra

500

LS6LG

1000

LL10E}
wizel

1500

2000

Wavenumbers {cm-1)
Fig. 4

2500

0
3000

1 sy

N
N

NH

(

aaueqjuisuely %

53



Spectra

500

1000

0EPivl

¥9'68G1

1500

100€9i

O o~

81—-

& £
A
2
g Ll
S .
L
=

3000

EG'EVPPE

T
z
7 N
=
o™ o] [an) (4] -3 o (e} w w <t o o N' é
N ~ - - - o = \
adueniusuel | %

54



Spectra

NHCH,CH;0H
NH

o

500

0928

1000

ov 1821

1A 4
L9851

1500

vE' 003}

2000

Wavenumbers (cm-1)

Fig. 6

3000

09°i6ve

35
30
25
204

0 o
- -

0.0
05

I
(=3

JJUeRILISUBA L %

55



Spectra

gzl

CE L8ET

0 2281

LL'TevE

2000

Wavenumbers (cm-1)

4
= y
=z |
V
e ¢ T o 2 e o <
asuenwsues} %

500

1000

1500

3000

Fig. 7

56



Spectra

6 GclLl

9g'covl

PXA 43413

. _CLi96]

oy

L9429 l/

G6'G582
9¢ Lv6C

& R R @& ¢ = o

3JueniwsueI] %

(= 2=} w0
-—

1500 1000 500

2000

Wavenumbers (cm-1)

3000

Fig. 8

57



Spectra

(1[%:74 4]

oL'esvl

62°99G1

_0l'¢iee

2000

Wavenumbers (cm-1)

/_( 61°ZEVE
JZ/Z
z/I
v
5§ B RBR&INKRR eI e oo

ajueniwsuelL %

500

1000

1500

2500

3000

Fig. 9

58



Spectra

6¥'CLY

i iovi

v evs

1500 1000 500

2000
Wavenumbers (cm-1)

2500

3000

22
20
18+

o~ o w
-— -—

3Jueniusuell %

2.

Fig. 10

59



Spectra

500

1000

6EEIVI
vi'¢ogl

00 #7291

1500

8 <

Ng —
P e
s .
E =1
g =~
2

3000

28
26

e
N8R 2.2 3 0 g @ o ~

24

JIUERiwSURI] %

60



Spectra

Y
N

"/

16819

61'CLyl

LL'LGGI

02'8¥91

92'0.62

1000 500

1500

2000

Wavenumbers (cm-1)

3000

15

14

134

2
"

10

3Jueqiusuel] %

Fig. 12

61



Spectra

1000

Eg'eerl

£9'89G|
61°2191

1500

2000

Wavenumbers (cm-1)
Fig. 13

3000

=
2
z"’l
o ® © o = é
8B R 8 I A R @ @ = ¢ 2 © © v & o

3auenIwsueL] %

62



Spectra

<
_—
T 05'8pLL
i 8rogel

N | T 744

— ~———___P00LY 20'9651

Vl'BEQl/

06'0582
9¢'0z6e

N

LL'goee

NHC HZCHzcnchZNH\‘] 2':
T,

X
A
NH

N

El‘nl

%
24
2
20
18
164
14
12
10

8

6

4

2

aJueniuisued | %

1500 1000 500

2000

Wavenumbers (cm-1)

2500

3000

Fig. 14

63



Spectra

500

1000

PN A4S
L7986t

1500

0€'er9l

S <
N £
@ —
2 .
£ =l }]
2 o
g £
2
Q
@
~N
o of
z
o
o
S
™

Juenjwsuel] %

64



Spectra

o1 ‘314

009

(1-w2) si1aquInuBABAA
0002

005t

0oce 00s€

eL'ivil

0w o
) 0
HzM_L rzzﬂmzuukA X vla.nuﬂxuz:\_ f_/%zw
Z\. 0 0 /z

8l

aJuentwsuest %

65



Spectra

ol'vivi

zo
7N
= 5
3
)
X
o
£ 8’9
2
[ 8]
o
z
I
4
A
-
@ e 2T @ 2 o o N o

ajuegjusuel] %

2000 1500 1000 500

Wavenumbers (cm-1)

3000

66



Spectra

8T 'sig
ST 4 OTIVL+ SOTO - T L VO s TR S VT T S ST OOV - N TUIL S S0NTVOS - OO i
€0E 85¢C 2102 6,7 ./ vilE9iTeL s s ' A aee I 2 I 0
1z 81 641 oSt Mﬁ Sl il 618 _/ ) _/mm
) / vm )| 4489
N.m /s
a0l 9¢g
€6
/
ozl
N\
il
-9%
991 ‘MW €
HN
HOHIZHIHN \zu
o |
N
001

6

67



Spectra

ﬂmz

o

e

Lpg W

HN
“ZHIHIFHIHN E/_M\z H
N

61 514
626 60E  6BC 692 6w  6ZC- 60C 68l 69l 6wl
N\._t»PLF;..-_.......-—-..._...._-».._....-...._ ..._...._........._...f._..-._...»_....._.
753 182 182 Sy, CECORC 3, S0CVEC 681 VZLEZL
8ve edi|va

(5148

T4l

ZEl

6Ll

C1ll

Logy

68



Spectra

07 'sld
S LOE 182 192 e L2z 102 81 L9t tpb o 4ZL L0 18 13 T
IZE 60E ez 18C 09  S¥Z GEZ lZzBlz 207 6L 98 , 7 catiolevl |0 zgb N I, 0
¥l \ N\ N/ eL||[~
a7 0|y, E_mm ALY \/S
S0 3% 4l
¥3
/ 16
61
N\
grl
8L
i
IO\Q 9
O
GOl AW
HN
HOPHITHIHN =~

8Ll

-001




Spectra.

vZZ vz w0z welL  vBL  wrl vl pGl
N\E.».—.L.ﬁm&.:»::-..:_._:._...._-.._-_...._...._...._....._._.._.qv_....\..u:_ﬂ._..
vZ2 w0z 96 8zl pt 85V5L

avl £l

i

8L

-001

70



Spectra

191

ol
ec cge zie  g0c g6l 28l b 29 TSL Thl  EL ZZh gl 20 26 T8 29 TS
e YT LSO 2 e v 1 o e
s/l A ] om:m; 1] 0,6 wm\c llea &@
T 1 /et €6 €87
esl || ) ozl '8 59
vel 6l \
S0l
431 S
J| 8t
08
%
1 ~oo
80}
291 AW _
6L
\Ilzx =
O an W zdl
N N
001

71



Spectra

a4}

€7 S
682 61T 69 6GC 6vC 6EC 622 6lZ 60C 66l 68L 6Ll 63L 6GL Byl 6EL 671 m: 60l 66 68 68 6
N\E Ligabia bl b e el by PRTSTRTVE YUY IR VI POV _\ e liaadanlaiigliggl .._....T ] ..._. ... :._ _:._:\.. ._..._:.. _:_::_:.._:.._. U
_mmdmm SSTES oz VEC mmmtm 90c 161 mmﬁc@:&\_ 651 A \_ mm_ _ 6 __ £g ~z9
/ N
8_/ ) | «h |3 ¥g
1L 8rh
N\
el
N
{501
/1 |
eel ozl
' /
| 901 &6 o
6il
zZal
b
91 a'w 62
N —
Y~
N N
0oL

72



Spectra

¥ "old

Lie L0C L6} L8} Lt 91 81 Lyl LEL Lol Ll 01 L6 L8 LL L9 A4

N\E IVIFUUTE SRTIN BURTE FINVE FETWE FRETE FETIY RTRVE FETEE FETYY FPYUPE TUTYE FYETE I _...._....—..-.—-.- oY —.:.—:-.—...-—--—.-.u._...,._..p._...._...-_n...K_...._-....... D
iz 521521 0z caltorost ent” [T eerzEL ea” | TI[[ JIN mm\; e \_ __m_nmm\._m_ _/
/|| st €ol 06
ot |2 el % 62 |9z Plik<
| 501 53|\
) £9
611 6 9
/
ari
8z
i
o
Lpl B'W
N
\
m/ 7N\
Loos

8Ll

73




Spectra

§T 514
0zz 0z 002 06k ~0BL 04 09L  OSL Opl  OFL aﬁ oLl 0ot 06 08 O 09
N\F_ Loge il gl .-L::—:-.—...._...._. :_:.._....-...._....w. _._.r.l._....._.L-._...._:.._ P _ :.—::_.._ | ..._ e .-L...._...L._ ..—h..._..—m. sarad g .r.—
1227 02C 6128027202502 < €8l /691719 _ <1 L 0 ) N
561 06ladl v/l \_ gerdsh  orl oy ol llezt o mxume 10l 267163 8\_ EE\\_ 29
291 1N 6. 99,0\
; gLl Dl {eqr L ¥9¢q
€€l 92
IEL
N\
¥ol
N\
i
) 82
191
L%
. 50l
19] &aW
/ N
z Y/
Lggy

74




Spectra

9T 514

Lz 192 167 YT LET LTC LT L0T 6L 18L il M9 4Gl tvl 1L IZL ALl LOL 16 18
N\E ............ FETTTETTTTIRTRVY PRUVS PYTTLINTY _.:....._...._.:._...._ il V FEVESVIVIIRITIFRITI POTL ITY :_.. _.:._ mn ....... = :.—.:.“..._ salaasaly ._....._...._..." ."."_H. alisl D
773 sz & e 215 202 TN _\_ | 2N _r
/ mﬁ mx / oz h:
9L €l il Nm 67
gk <
Lrl
16
e/
8 -1
r0l
- 501
191 e
8z
22
191 aw
N
D
N 8kt
arl Loos

75



Spectra

LT 81

EEC €z €1z €0z €6l EBL ELL E9L EGL Ebk €L BZL ELL €0L €6 €8 EL B9  €G
N\E...L:.._»--—F»M.N.—.:-—-:.v:ﬁnmaw:-w.m.w..._m.m.r.\Mmmmw.F.._:V.N—P....m_.w.w.v.ﬁ:m.v._m.w.—..h.:\-._ ../-....m.m.r..\__ﬂ...._...rnh.-—r. -_-»»—::—-_. -“::—:-.u_ .M._...._ ........ _...““...._........._..- ﬁ
Siee NN ) _
202 mv—\_ 124" ZEL } AT €0l mm_
arl ot
/
6i1
\ S04 26
gri
8L %
gy
Lpl W
Z/ —
(>
m N
o Logy

76



Spectra

N
. 6il

8T ol
EvC EEC €CC ElLC €0C €64 EBL E4L  E9L €SI EVI  EEL ECL €}l € ey
E.L...._...L.....:..—::-::_:.MD..N.._..:_:.._._.._...._..V_. .__...._..V._.:."._....._.J. .ﬁm:..._. "/.L....... -_.......: ] Loasads D
oli[ 5, vk | gy ; g eI |
JIl €207 a1 Svt A 244
20 6! 341 20
V4
Byl
901
vl
o/l %
wi
86C MW
HN HN 72" ; .
N _/zznxuuxonxofu_._z N , | : 64
: _ _ _ 1 _ _
C . J
*y _ -001

77



Spectra

96C AW

HNHOFHOHIHIHN

HN

7

8Ll

BSC 8V B8EZ B8ZZ BIZ B80T 686L 88L 81l
E._:.._...._:..—:-L:.L::_.:._::_.:._...._...._.:._::_.:._:.._...._...._.: O
852 2z 202 56110617881 E\_ J

/s
9/l
=]
/
s/1
F%
vl

-00L

78



Spectra

L
c9°001 24
G &
zH 070 o]
a ass
wa »am
MW 00000€1° 00§ as

»BET 15
sa9rswesed buTESID03d - 24

THH SBBOEET 005 03s
8 90°Z 178 .
98N 0r ¢ It
HI (O0X
mamecse 13 TINNVHI emcevass
1 ow
29% 0OD0VOT T 19
X ¥ 96Z aL
owE0 099 20
SaEn 00k QY "o
191 o
295 96909851 ov
H $92C1E°0 sAUG1d
M BLE 0ECOT HS
z sa
zs SN
£1302 1NATOS
842 aL
cebz 20udInd
/H1 1%ivd % §  QHEOHG
005a¥ RYLENT
01’91 swil

22219002 s3ra
s197aweTey UOTATEYNBIV - 24

L oNIOHg
1 ondxa
asz~a AN
£1035uRIea waieq 2wITIND

0680 ~_
AN

g9¢°'1
G8¢°1
£88°1

>

G68°1
906°T
81671
626°'1
8s0°¢
S81°¢

-

79

G6S"E
687 L—

ELGE
p8S°E




I€ 814

Spectra

SLZ

F N
=41

— a5
=<822e
—'s2

9Ll

wdd L

3 Il I 1 1 1 | ] 1 1 J

3¢ 02 23

) @

24 3€°0 @
c ass

“3 #Q8

THH GOOOGET "60S ds
78E91 18

©3073weIvd BULESIOOId - 24

WP 007 116
2380 oL"¢ 18
Hl AN
....... 5 TGHRWHD ===mmmee
1 (153
39 00000000° t a
X 162 a
o9en 00°9 2
29en oy ey »a
190 0N
2% 96909€5°1 ov
2H $92§16°0 sand1a
2H BLS'6€E01 HEBS
2 5a
25 S8
OsHa 1N3AT0S
e3¢ e Izr HN
ocbz 2084704 N
JHU IX1¥d wa §  qudodd R
oosae WISLSKI N HNCHFHOTHOTHOHN z
rU9L oty _ _
£2219007 “e3rg N3 3
s1eleweieg uoraTsinbIY - 23 N N

1 GND0Y¥d

1 oNaxX3

¥SE-A TN

£I3jaumiINg €3eQ JUBIIND 7 7 > \ / ‘ — \/ —
[~ BN www (RS o @ © m ©o
@ N <4 o U ENW o - 3] w oy = w
aow [ Y- S RPN I YT | > = N NOo N
[V- I} NOWw o Hs JOow P © © o N o

80




Spectra

wdd

£8°01
veol
6301

- N

99'42t

09'c
L2°0L

266

L i 1 1.
Y J ﬁ

ool 2¢

3 &

T GEQ 81
° ase

wa Ll

7HH COCOOET " 005 as
YECOT 1%
eivlowesed BuYeEId0sd - 24
IH] 9TEDTET 00 1028
Gp 00°2 114
0en G6b1 14
Hl 108
aamasmac [ TINNVHD smmmsaas
1 1)

298 000000001 19
3 9°62 2
3oen gg°y 20
%80 00v-6p ra
W o

2es 9690385 1 ov
H $9251¢°0 401
2H gL5°0EC01 HRS

z £0

2 5N
o5wg nzAt08
89L2¢ a1

ogdz oA

9 OBEYE W ¢ QHEOHd

cogar RMIENT
55761 )
£1€0200Z “ei2g
£1030003¢d UolaTEtabdy - 22
1 ONDOYd

1 ONdX3

§h-A IHYR

e1319we ey 0390 3URI2RD

PLT € —
69€°€

AN
-

SLLTL
286°8

189°L
€69°L
P9L L

N
—

r6G°8
S1L"8
Lzl 8

81



Spectra

1. 1

o
§
[4

BB 5

| { 1 | | 1

ol

T

09°1t 24
[ a9
74 0870 A1
0 a5s
"3 nar
2ZHH 11102617005 5

y9€9 1 1s
s1a70Wmied buTEeeD0Id - 24

RN SBBOCET 00§ 1048

6P 00°2 11
oen oLo¢ 14
Hl 1208
mmmmmaas 13 TINNYHD ewemmome
1 odq1

285 00000000° 1 1a
% v 862 a1
2980 0g°9 aq
29EN 00V BY na
s ou

505 96909e¢" 1 ov
ZH ¥9ZSTE'C ST
ZH BLS OLLOT HmE

z sa

z SN
£1502 INIATOS
89L2E [

oréz DOHITINE

/R IXIVE W ¢ auEoWa
a05Aw WNELSNT
91’91 ouTy
62€0L06Z ~o3%q
£10700eIRg UOTITTTALIY ~ 2
1 oNDOHd

1 ONdXZ

25-4 AWV

SIsjewrIcy IR 3UOIIND

?\,,2\ M

82



Spectra

wdd

(1]

L 1 P 1 I
_ Jﬁ
06"t 2d
0 o
IH QL0 a1
a 5%
w2 #an
ZHA 0C000EL"00S das
131321 i5
£1030me20d bUTCE5023 - 23
IWA SEE0ELT 7005 1048
ar 002 11d
o9EN 01t 1d
HT 13NN
m——t——mans 1) TINNYH) memeeces
1 001
23¢ 00000000° 1 1a
X 6" LET 3L
S08n 00°9 a
Sesn QOF 6 L'
i o
D@% 9690985° 1 ov
6 99Z5TE°0 s3Y0Lad
IH 6LSOEEOT HAS
z sa
2t $3.4 z IZ
oswWa AH3ATOS
€9LZE (33 I
oehr 20¥aINd _./
JHT IX1¥d w2 ¢ aHOO¥a - - - -
cogne e & HNHITHOTHIH JHN
sLIt suty _
$0¥0L002 “@arg z ~
c19qoupIeg uotatetnbOy - 24
1 ONIOUS
1 onaxa
Gos-A ANYH
B ueseg er0g ot
Ll ol N w w ~J ~J < O
o O wn [ [ee] [l Y oW,
~] O [ (8] o w ~} o ™
w [aad wn w w o, NN

2

83



Spectra

¢¢ "SI

(——
' %
§ et T T T M o
W " e, o
! 5 Ly s e
it e,
m - N I'lf ~
¥ * s v
tr Y ¢ ]
&
¥
i
3 o® : . e ——
3+ 7
i
o s g, — el o ;
i - - " L g .ﬁ..l.l.u.!x o . et T
" P o e 4 3 o i et e o o
§ T e t o~ et e
e -
,\\ﬁs '
prad Nl
. oA
-
i m ]
g
s . o
- P i
-
N [
- i  —g—
e -
£
13
. .,.i%..?ic‘. .
o [JUR
o~ -~ -
- - e v -
- o~ W
-~ i HN -
b R )
| S - - o e
~ . .
ra . - _
¢ -
e — —
i b N
' . e}
tI H
.
. 1 _—
N fifi
T

84



Spectra

v o - t
e e p——— S - — — - s« o, oo, —_— e
4 .»« ‘a - &)
w iy . - " e .
| i - o N o
i i S Lk
) . - . - o— T T
i e SV ——
‘ :
H ¥
*
~ 3
- o —— " - N — . ey g =
i o - 1 T : }
' - ]
‘ P
o
. P . " -
. - oy
| e : U
& = B2 ) o P -
H »m.\ - — .
..- o -
o -
t-.l\l.!
t\l
s.\.. -
p\
.vﬂ.\\ o an
o . -
o s HN
«
e & L__wuf%z N
N S — . |
© "~
] X N
s 11 (e : A o

85



Spectra

.,anm e . [ e i P TN e e e st AT 5, — . — m n.w««“r» — -
d h e £ - oy by
' “. N F L #
H LY 3
) % s J—
i ° ll w—
i R
it RS ——— —
¢! e
o
;
e N —
s TG B 3 A T T T e A T T T e AT v v e e gE -~
— . N
- ; ‘(ﬂ 10
Y o &
i3 . l.tm(-ﬁ.l?n..n.rzi e .
~:,!.
3~ L s i
T e - ‘
o
|
% -
o s k4
o
. ; HN
— §
Dt ————epe e — —n
. NTHITHITHOHN N _
~ =
¢ 0 N
L
| -
s 5.\\-‘ -
T 3 R )
!v.\!l N
&

86



Spectra

e e - B i e e e o [P
('\.iali P v ” .ll.l b!. e - S T - Iif.lk‘svl -
. . W
1 4 :
| hd .
e —
e N '
. —
Y
Ly T
V3 w.
]
\\m
- - :
=
B T T T —— s i i, e et vt e
o %
b4
pes IR
o o T
i g—
S e
. P
o w my— - .
- e
: o
R
T . N
i omen : e e e s 1 50t
1
- - V|IZ o~ _
= N
SO -
2 LN '

87



Spectra

. —— — M RN — s - . - - — Lo —ge—— ST B U A WS O - oo, _— J— . -
, . e Y ot 5, ;
¥ ) i A
; ’ s
, f!
: .
J— —
- l..\»
i o —’
— Rt - -
e o R ™ o™ T T il e ook, . . [T ——

* e At " *

[ s ,m N

e o

i Se . N
e e Ty ]
. B ;
S
l(]v\\..\
P ————
e ¢
IR
HN
e HOTHOTHOHN T |
. N
:
e ” - ) :
- vl e LI

88



Spectra

EESRR Y
oy S i
| T
L.\\\\
s A O cananil

89



Spectra

o —

© N N e Sy 0 e

N N A e

-
. e s e gy T o v, ¥ -
o e : .
- =g -
T -
_ ! e )
g~
v
;
3
— .
| ~
| »
'(\
-
—
. - .
o b
e N.
e - o . e
o -
7 . - - o L _
N pe— . _— - -
N
] L PRI i . H
- MF Ll . be 3 .
ok L. —- : B ; .
. i - -

90






REFERENCES

M

1.

10.

11.

12.

13.

14.

15.

16.
17.

Antonini, I.; Polucci, P.; Magnano, A.; Cacciamani, D.; Konieczny, M. T.;
Lukowicz, J. P.; Martelli, S. Bioorg. Med. Chem. 2003, 11, 399.

Sondhi, S. M.; Dinodia, M.; Kumar, A. Bioorg. Med. Chem. 2006, 14, 4657.
Panico, A.; Vicini, P.; Incert, M.; Cardile, V.; Gentile, B.; Ronsisvalle, G. 1l
Farmaco 2002, 57, 671.

Sondhi, S. M.; Jain, S.; Dinodia, M.; Shukla, R.; Raghubir, R. Bioorg. Med.
Chem. 2007, 15, 3334,

Sondhi, S. M.; Johar, M.; Singh, N.; Shukla, R.; Raghubir, R.; Dastidar, S. G.
Indian J. Chem., Sect B 2002, 41B, 2659.

Sondhi, S. M.; Bhattacharjee, G.; Jameel, R. K.; Shukla, R.; Lozach, O.; Meijer,
L. Cent. Eur. J. Chem. 2004, 2, 1.

Sondhi, S. M.; Bhattacharjee, G.; Jameel, R. K.; Kumar, A.; Bajaj, K. Indian J.
Chem., Sect A 20085, 44A, 232.

Sondhi, S. M.; Singh, N.; Lahoti, A. M.; Bajaj, K.; Kumar, A.; Lozach, O.;
Meijer, L. Bioorg. Med. Chem. 2005, 13, 4291.

Gangjee, A.; Jain, H. D.; Phan, J.; Lin, X.; Song, X.; McGuire, J. J.; Kisliuk, R. L.
J. Med. Chem. 2006, 49, 1055.

Alam, O.; Imran, M.; Khan, S. A. Indian J. Heterocycl. Chem. 2005, 14, 293.
Hazarika, J.; Kataky, J. C. S. Indian J. Chem., Sect B 2001, 40B, 255.

Buurman, E. T.; Blodgett, A. E.; Hull, K. G.; Carcanague, D. Antimicrob. Agents
Chemother. 2004, 48, 313.

Kidwai, M.; Saxena, S.; Rastogi, S.; Venkataramanan, R. Curr. Med. Chem. 2003,
2, 269.

Cunha, A. C.; Tributino, J. L. M.; Miranda, A. L. P.; Fraga, C. A. M,; Barreiro, E.
J. Il Farmaco 2002, 57, 999.

Murineddu, G.; Loriga, G.; Gavini, E.; Peana, A. T.; Mule, A. C.; Pinna, G. A.
Arch. Pharm. 2002, 334, 393.

Sridhar, S. K.; Ramesh, A. Biol. Pharm. 2001, 24, 1149.

Kalluraya, B.; Isloor, A. M.; Frank, P. V.; Jagadeesha, R. L. Indian J. Heterocycl.



References

Chem. 2004, 13, 245.

18.

19.
20.

21.
22.

23.

24.

25.

26.

27.

28.

29,

30.

31

Journal of Molecular Structure, 218 (1990) 165-167 Elsevier Science Publishers
B.V., Amsterdam - Printed in The Netherlands

Perreux, L.; Loupy, A. Tetrahedron 2001, 57, 9199.

Sienkiewich, P.; Bielawski, K.; Bielawska, A.; Palka, J. Environ. Toxicol.
Pharmacol. 2005, 20, 118.

Bielawska, A.; Bielawski, K.; Muszynska, A. Il Farmaco 2004, 59, 111.

Sielecki, T. M.; Liu, J.; Mousa, S. A.; Racanelli, A. L.: Hausner, E. A.; Wexler,
R. R.; Olson, R. E. Bioorg. Med. Chem. Lett. 2001, 11, 2201.

Stephens, C. E.; Tanious, E.; Kim, S.; Wilson, D. W.; Schell, W. A.; Perfect, J.
R.; Franzblau, S. G.; Boykin, D. W. J. Med. Chem. 2001, 44, 1741.

Liebeschuetz, J. W.; Jones, S. D.; Morgan, P. J.; Marray, C. W.; Rimmer, A. D.;
Roscoe, J. M. E.; Waszkowycz, B.; Welsch, P. M.; Wylie, W. A.; Young, S. C.;
Martin, H.; Mahler, J.; Brady, L.; Wilkinson, K. J. Med. Chem. 2002, 45, 1221.
Collins, J. L.; Shearer, B. G.; Oplinger, J. A.; Lee, S.; Garvey, E. P.; Salter, M,;
Dufry, C.; Burnette, T. C.; Furtine, E. S. J. Med. Chem. 1998, 41, 2858.
Liebeschuetz, J. W.; Jones, S. D.; Morgan, P. J; Marray, C. W.; Rimmer, A. D,;
Roscoe, J. M. E.; Waszkowycz, B.; Welsch, P. M.; Wylie, W. A_; Youhg, S.C.;
Martin, H.; Mahler, J.; Brady, L.; Wilkinson, K. J. Med. Chem. 2002, 45, 1221.
Murineddu, G.; Loriga, G.; Gavini, E.; Peana, A. T.; Mule, A. C.; Pinna, G. A.
Arch. Pharm. 2002, 334, 393

Bedi, P. M. S.; Mahajan, M. P.; Kapoor, V. K. Bioorg. Chem. Lett. 2004, 14,
3821.

Nakamura, H.; Sasaki, Y.; Uno, M.; Yoshikawa, Asano, T. T.; Ban, H. S.:
Fukazawa, H.; Shibuyac, M.; Ueharab, Y. Bioorg. Med. Chem.2006, 16, 5127.
Cushion, M. T.; Walzer, P. D.; Collins, M. S.; Rebholz, S.; Eynde, J. J. V.;
Mayence, A.; Huang, T. L. Am. Soci. Microbiolgy, 2004, 48, 4209

. Bielawska, A.; Bielawski, K.; Muszynsk, A.; IL Farmaco, 2004, 59, 111.
32.

Gouzya, M. F.; Sperlinga, C.; Salchert, K.; Pompe, T.; Streller, U.; Uhlmann, P.;
Rauwolf, C.; Simon, F.; Bohme, F.; Voit, B.; Werner, C. Biomaterial 2004, 25,
3493.

92



References

33. Billack, B.; Heck, D. E.; Porterfield, D. M.; Malchow, R. P.; Smith, P. J. S.;
Gardner, C. R.; Laskin, D. L.; Laskin, J. D. Biochemical Pharmacology 2001, 61,
1581.

34. Garcia, M. B.; Romina, A.; Torres.; Liliana, R.; Orelli. Tetrahedron Lett. 2006,
47, 4857.

35. Nastruzzi, C.; Gambari, R. J. Controlled Release 1994, 29, 53.

36. Song,L.; Servajean, V.; Thierry, J. Tetrahedron 2006, 62, 3509

37. Harrak, Y.;Rosell,G.; Daidone, G.; Plescia, S.; Schillaci, D.; Pujol, M. D.
Bioorg. Med. Chem. 2007, 15, 4876

38. Hill, M.R.; Holland, S. J.; Pearson, S. L.; Yeates, K. T.PCT Int. Appl. WO
2004048344 Chem. Abstr. 2004, 141, 38626.

39. Echevarria, A.; Santos, L. H.; Miller, J.; Mahmood, N. Bioorg. Med. Chem. Lett.
1996, 6, 1901.

40. Kiselyov, A. S. Tetrahedron Lett. 2005, 46, 1663.

41. Bellur, E.; Langer, P. Tetrahedron, 2006, 62, 5426.

42. Panico, A.; Vicini, P.; Incerti, M.; Cardile, V.; Gentile, B.; Ronsisvalle, G. IL
Farmaco 2002, 57, 671.

43. Szczepankiewicz, B. G.; Rohde, J. J.; Kurukulasuria, R. Org. Lett. 2005, 7, 1833.

44. Lawson, E. C.; Kinney, W. A.; Luci, D. K.; Yabut, ‘S. C.; Wisnoski, D.;
Maryanoff, B. E. Tetrahedron Lett. 2002, 43, 1951.

45. Liu, C.; Lin, J.; Leftheris, K. Tetrahedron Lett. 2007, 48, 435.

46. Katz, R. B.; Mitchell, M. B.; Sammes, P. G. Tetrahedron 1989, 45, 1801.

47. Beccali, E. M.; Contini, A.; Trimarco, P. Tetrahedron 2005, 61, 4957.

48. Einsiedel, J.; Hu"bner, H.; Gmeiner, P. Bioorg. Med. Chem. Lett. 2003, 13, 851

49. Fujioka, H.; Murai, K.; Ohba, Y.; Hiramatsu, A.; Kita, Y. Tetrakedron Lett. 2005,
46, 2197.

50. (a) Partridge, M. W.; Smith, A. J. Chem. Soc., Perkin Trans. 11973, 453. (b) Hill,
A.J.; Johnston, J. V. J. Am. Chem. Soc. 1954, 76, 920. (c) Tsatsas, G.; Delaby, R.;
Quevauviller, A.; Damiens, R.; Blanpin, O. Ann. Pharm. Fr. 1956, 14, 607.

51. Weintraub, L.; Oles, S.R.; Kalish, N. J. Org. Chem. 1968, 33, 1679.

52. Kakimoto, M.; Ogata, S.; Mochizuki, A.; Imai, Y. Chem. Lett. 1984, 821.

93



References

5

w

54.
55.
56.
57.
58.
59.
60.

61.

62.
63.
64.
65.

66

67.
68.
69.
70.
71.
72.
73.

74.
75.

- (a) Pinner, A. Die Iminodther und ihre Derivate, Verlag, R. Oppenheim: Berlin,
1892. (b) Roger, R.; Neilson, D. G. Chem. Rev. 1961, 61, 179.

Schaefer, F. C.; Peters, G. A. J. Org. Chem. 1961, 26, 412.

Grivas, J. C.; Taurins, A. Can. J. Chem. 1961, 39, 761.

Oxley, P.; Partridge, M. W.; Short, W. F. J. Chem. Soc. 1947, 1110.

Garigipati, R. S. Tetrahedron Lett. 1990, 31, 1969.

Moss, R. A.; Ma, W.; Merrer, D. C.; Xue, S. Tetrahedron Lett. 1995, 36, 8761.
Rousselet, G.; Capdevielle, P.; Maumy, M. Tetrahedron Lett. 1993, 34, 6395.
Forsberg, J. H.; Spaziano, V. T.; Balasubramanian, T. M.; Liu, G. K.; Kinsley, S.
A.; Duckworth, C. A.; Poteruca, J. J.; Brown, P. S.; Miller, J.-L. J. Org. Chem.
1987, 52, 1017.

Judkins, B. D.; Allen, D. G.; Cook, T. A.; Evans, B.; Sardharwala, T. E. Synth.
Commun.1996, 26, 4351.

Dondoni, A.; Barbaro, G. J. Chem. Soc. 1975, 761.

Baati, R.; Gouverneur, V.; Mioskowski, C. Synlett 1999, 927.

Schnur, R. C. J. Org. Chem. 1979, 44, 3726.

Lange, U. E. W,; Schifer, B.; Bauclke, D.; Buschmann, E.; Mack, H. Tetrahedron
Lett. 1999, 40, 7067. .

. Nii, Y.; Okano, K.; Kobayashi, S.; Ohno, M. Tetrahedron Lett. 1979, 27, 2517.
Dauwe, C.; Buddrus, J. Synthesis 1995, 171.

Hoeve, W.; Wynberg, H. Synth. Commun. 1994, 24, 2215.

Blériot, Y.; Genre-Grandpierre, A.; Tellier, C. Tetrahedron Lett. 1994, 35, 1867.
Moreaux, V.; Warren, H.; Williams, J. M. Tetrahedron Lett. 1997, 38, 4655.
Tong, M. K.; Papandreou, G.; Ganem, B. J. Am. Chem. Soc. 1990, 112, 6137.
Mellar, J. M.; Rataj, H.; Tetrahedron Lett. 1996, 37, 2619.

Convery, M. A.; Davis, A. P.; Dunne, C. J.; Mackinnon, J. W. Tetrahedron Lett.
1995, 36, 4279.

Chellucci, G. Synthesis 1991, 474.

Gielen, H.; Alija, C. A.; Hendrix, M.; Niewohner, U.; Schauss, D. Tetrahedron
Lett. 2002, 43, 419.

94



References

76.

77.
78.
79.

80.
81.

82.

83.
84.
85.

86.
87.
88.
89.

(a) Papoutsakis, D.; Kirby, J. P.; Jackson, J. E.; Nocera, D. G. J. Eur. Chem.
1999, 5, 1474. (b) Basso, A.; Pegg, N.; Evans, B.; Bradley, M. J. Eur. Org. Chem.
2000, 3887.

Somak, L. Carbohydrate Reasearch 1996, 286, 167.

Charette, A. B.; Grenon, M. Tetrahedron Lett. 2000, 41, 1677.

Bolton, R. E.; Coote, S. J.; Finch, H.; Lowdon, A.; Pegg, N.; Vinader, M. V.
Tetrahedron Lett. 1995, 36, 4471.

Xu, F.; Sun, J.; Shen, Q. Tetrahedron Lett. 2002, 43, 1867.

(a) Orelli, L. R.; Niemevz, F.; Garci’a, M. B.; Perillo, I. A. J. Heterocycl. Chem.
1999, 36, 105; (b) Orelli, L. R.; Garci’a, M. B.; Niemevz, F.; Perillo, 1. A.
Heterocycles 2000, 53, 2437.

(a) Kappe, C. O.; Dallinger, D. Nat. Rev. Drug Discovery 2006, 5, 55; (b) Shipe,
W. D.; Wolkenberg, S. E.; Lindsley, C. W. Drug Discovery Today Technol. 2005,
2, 155; (c) Leadbeater, N. E. Chem. Commun. 2005, 2881; (d) Kappe, C. O.
Angew. Chem. Int. Ed. 2004, 43, 6250; () Lidstro m, P.; Tierney, J.; Wathey, B.;
Westman, J. Tetrahedron 2001, 57, 9225.

Katritzky, A. R.; Cai, C.; Singh, S. K. JOC Article 2006, 71, 3075.

Wu, Y. M.; Zhang, M.; Li, Y.Q. J. Fluorine Chem. 2006, 127, 1168.

Anbazhagan, M.; Boykin, D. W.; Stephen, C. E. Tetrahedron Lett. 2002, 43,
9089.

Saluste, C. G.; Whitby, R. J.; Furber, M. Tetrahedron Lett. 2001, 42, 6191.
Tommasi, R. A.; Macchia, W. M.; Parker, D. T. Tetrahedron Lett. 1998, 39, 5947.
Fuks, R. Tetrahedron 1973, 29, 2147. _
Iwanowicz, E. J.; Lau, W. F; Lin, J.; Roberts, D. G. M.; Seller, S. M. Bioorg.
Med. Chem. Lett. 1996, 1339.

95



	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	References



