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Abstract

Chapter one describes the electrophilic substitution reactioﬁs
of [1,2,3]triazolo[1l,5-a]lpyridine, and the reactions in which nitrogen
extrusion are characteristic. It also describes the attempts to
funccioﬁalise the pyridine ring. A review on the synthesis and
properties of triazolopyridine is also presented.

Chapter two describes further efforts to functionalise the
pyridine ring of the triazolopx?idiue molecules by the use of directed
lithiation reactions. Thé 7-lithiotriazolopyridine derivativevwas
found to react with a variety of electrophiles to produce 7-substituted
triazolopyridines. Bromination of these compounds provided a convenient
route to 2,6-disubstituted pyridines, and possibly bipyridyls. Intro-
duction of a second lithium directing group led to some competitive
lithiation studies. The N,N~diethylamide group was introduced to
position 3 and the methoxy group at position 5. Pertinent reviews on
directed lithiation reactions of similar heterocyclic systems and on
the synthesis of 2,6-disubstituted pyridines and biﬁyridyls are also
presented.

Chapter three describes attempts to apply directed lithiation
reactions to other fused {[1,2,3]triazole systems, namely the triazolo-
[1,5-a]pyrazine and triazolo[l,5-c]pyrimidine systems.

Chapter four discusses the spectral properties of the 3- and
7-substituted triazolopyridines. Carbon-13 resonance as#ignment studies
were undertaken on criazolopyfidine, all resonances but those due to Ci
and C6 have been assigned. The mass spectral fragmentation pattermns
of certain triazolopyridin—-7-yl methanols were invesfigated. Some
showed a new fragmentation pathway involving loss of HCN and NO, rather

than the more usual loss of nitrogen.



CHAPTER ONE

SYNTHESIS AND REACTIONS < OF [1;2,3]TRIAZOL0[1,5-a]PYRIDINE‘




(1.1) Introduction

The ([1,2,3]triazolo(l,5~a]pyridine ring system (1) has not been
extensively studied. This is in direct contrast to the ([1,2,4]tri-
azolo[4,3-a]- (2) and [1,2,4]triazolo[l,5-alpyridine (3) systems. .
These ring systems are shown along withrtheir numberingisystems in

(Scheme 1.1).
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Scheme 1,1

Review literature on the triazolopyridines (1)-(35 is scarce,
‘there has only been one review1 dealing with systems (1)-(3), up to
1961, however a much more comprehensive review covering all triazolo-

pyridines is in the press.2

(1.2) Review of [1,2,3]triazolofl,5-alpyridines

(1.2a) Synthesis of [1,2,3)triazolo{l,5-alpyridines

A, Formation of the five-membered ring by the forming of one bond

There are no syntheses in which the bond is formed between the
positions “s and 3. Cyclisation of the N-amino-pyridinium oxime
mesylates (4) by polyphosphoric acid gives good yields of 3-substituted

triazolopyridines (5).3 (Scheme 1.2)
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(1)  O0-mesitylinesulphonylhydroxylamine (MSH)

(i1) Polyphosphoric acid, 70-110°C. Scheme 1.2
The related amidoxime (6) is cyclised by acetic anhydride to give

3-acetylaminotriazolopyridine (7).4

NH, NHCOCH,

/I\ 7 =
-NOH g

SN | XN~
NH,
(6) (7

The majority of [1,2,3]triazolo[I,S-a]pyridines\have been
prepared by closure between a pyridine nitrogeh atom agd a side chain
nitrogen (bond 7a~l), making use of the observation that the equilibrium
(8)+=(1) is almo#t completely displaced to the right. The most
straightforward route involves some oxidation of the hydrazome of 2
2-pyridyl carboxaldehyde or ketone as shown in Scheme 1.3. Thus
for the production of the parent heterocycle (1), the hydrazone of
pyridine-2-carboxaldehyde is oxidised by silver oxide5 or'potassium

7,8 and manganese dioxide9 have also

ferricyanide.6 Nickel peroxide
been used to produce 3-substituted triazolopyridines (5). Some doubt
is cast on the intermediacy of the simple diazonium salt (8), since

attempts to diazotise 2-aminomethylpyridine gave only 2-hydroxy-

methylpytidine.5
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If an N—substituted hydrazone is used, the quaternary
Such

l-substituted triazolopyridinium salt (9) is produced.
oxidations have been performed with lead tetraacetatelo, N-bromo-~

succinimidéll, or electrochéﬁicallylg. A further variant on this

R R |
= | \ (0) -7 Y= __3
SN Tl N X
P
“R LS ) B ,-Rl = Me, Ph
R? « Ph, Ph

synthesis makes use of tosylhydrazomes (;0), which on treatment with

a base (aqueous a1kali13, morpholinelé,‘§9dium ethoxidels) gave the

triazolopyridines (5)and A1),
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(11) R = 2-pyridyl
It has been shown that heating or irradiating such tosylhydrazones
in basic media gives triazolopyridinesl6.
Pyridyldiazoalkane N-oxides (12) give triazolopyridines among

other products when pyrolysed, with or without copper catalysisl7.

(Scheme 1.4).
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(\/lc | \Ev
. .
N~ COR Schema 1.4
" B, Formation of the five-membered ring by forming two bonds
Regitz has shownls’19 that diazo groups can be directly introduced

at active methylene pdéitions under basic conditions using tosyl azide as
tﬁe source of the‘diazo group; Substituted 2~methy1pyr1d1nes (13) are
suff1c1ent1y actzvated to undergo such diazo group tranmsfers. Thus
have been prepared a number of 3—acy1triazolo[l,S-a]pyridines (14) and
the phosphine oxide (15). 1In most cases a sodium alkoxide has been
used as the base. In the synthesis of 3-cyanotriazolopyridine (16),

the diazo group was derived from 2~azido-3-ethylbenzthiazolium tetra-

' fluoroboratezo.
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R = pr%c0, Bu“co,
Phco, 2-furyl

R = P(0) (Ph),

R = N

(15)
(16)

The mechanism is shown in scheme 1.5

Three methods for making 4'5'6’7'tetrahydr°triazolopyridines

involve the formation of the triazole ring from tyo fragments.. The
lithium derivative of N-nitrosopiperidine (17) reacts with benzomitrile

to give the 3-phenyl derivative (18)21

, Ph

O LiNCHMe ;Q PhC=N :\]}),

pqc) Ll
a”n ’ (18)

Diazonium salts react with a-aminoacids to give mesoiomic triazole

oxides; "if pipecolic acid is used the product is 2 tetrghydrotriazolo-

‘ »23
pyridine oxide (19)22 .
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COH (19)

The minor product in the reaction between perfluoropyrideine (20) and

diazomethane is the 4,4,5,5.6,6;7!7~octaf1uorotetrahydrotriazolopyridine

(21)24.

FF » RF FF
FF FF +CH2N2‘ F FF_ . F'F /N

g F:

o\ FApnAF P AN
o FF

(20) (21)

‘3

C. By rearrangement of other heterocycles

When l=-aminoquinolizinium salts (22) are treated with nétrous
acid they undergo rearrangement, presumably via the diazonium salt to

25’26. Under

give triazolopyridines with unsaturated side chains
controlled conditions the Z alkenes (23) are formed, but these

isomerise rapidly by acid catalysis to give the E isomers (24).
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In a similar reaction the aminobenzo(blquinolizinium salts (25) give

3-(2-formylphenyl) triazolopyridines (25)27

NH»
s N HONO
N —_—
X(_ u
(25) (26) R =H, OMe

Flash vacuum pyrolysis of S-(2-pyridyl)tetrazole (27) gives triazolo=

. (3 . [3 (3 4 2
pyridine (1) in low yield, presumably via the diazoalkane



Dﬂ > Compound (1)

(27)

(1.2b) Reactions of [1,2,3]triazolo[l,5-alpyridine

Most of the reactions reported of [1,2,3]triazolo[l,5-a)pyridines

involve loss of moleculaf nitrogen. Crow and Wentrup29 report the

. pyrolysis of [1,2,3]triazolo(l,5~a]lpyridine at 500°¢C to yield aniline
{4%) and azobenzene (77%), producté which are characteristic of phenyl
nitrene. Similarly the 6-methyl derivative (28) gave m-toluidine and
3,3~dimethylazobenzene. At 800°C the reaction products were very
similar to those from the violent pyrolysis of m-tolyl azide (31).
Thus 2-pyridyl carbene (29) was thermally interconverted to phenyi-
nitrene (30)..NXThis was confirmed by the fact that the mass spectra
of phenyi azide and (1,2,3]triazolo(l,5-a]pyridine weregidenticél |

suggesting a common set of structures for CéHSN*.

()@P 0t (TN —
. F L)
HER HO AN HC S A

3
(28) ' (29) T (30)
HaC N,

((31)
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Pyrolysisydf 3-methyk{1,2,3]triazolo[1,5-a]pyridine at 800°C also
resulted in loss of nitrogen and gave a quantitative yield of
2-vinylpyridine (32), while the corresponding phenyl derivative

isomerised thermally at 500°¢C to givé carbazole'(33).

N
H

(32) (33)

Wentrup has since expanded on this work in an effort to determine the

mechanism for phenylnitreme <= pyridylcarbene interconversion 0 33,

Chapman and <:oworke1:s34"35

have devoted much effort to the study of
1-aza-1,2,4,6~cycloheptatetraene (34), which is thought to be the key

intermediate in the pyridylcarbene < phenylnitrene intercomversiom.

-

N

\\ y (34)

\.

Thermolysis of 3-phenyl(l,2,3]triazolo[1l,5-alpyridine and other
substituted phenyl derivatives (substituents include Me, MeO, Cl, NOZ'
an& cN) gavé'carbazoies in yields up to 100236.

| Wentrung has'pfes;nted evidence for the valence tautomeric
equilibria of (1) ﬁith the diazomethylpyridine (8). [1,2,3]Triazolo~-
(1,5-a)pyridine (1) decomposed in diphenyl ether solution in the
temperature range of 180-220°¢C. The raﬁe of nitrogen evolutioﬁ followed
first order kinetics. When thérdecomposition of compound (1) was
carfied out in the presence of fumaronitrile, 3-(2-pyridyl)-1,2- cyclo~-

propanedicarbonitrile (36) was isolated in 327 yield as a mixture of
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two geometric isomers. The mechanism shown is consistent with the

obsgservations. The concentration of (8) was too low for direct

| _ S H /= \

N P N\ NC . CN
— ] N+

o~ @:\{ |

Y

(1) : . (8)
CN
% | -N =
I k 2 . |
S N _ - CN
NC &y
(35) — (36)

detection, a 1,3 dipolar_cycloaddition of compound (8) to fumaronitrile
would be rapid at the reaction tempefature. The resulting l-pyrazoline
(35) decomposed under the reaction conditions yielding the observed
product (36). Since the reaction shown is faster ﬁhan the decomposition
of compoﬁnd (1) in the absence of fumaronitrile, a carbgne route can be
excluded. ‘

15 have reported the oxidative degrad-

Reimlinger and co-workers
ation of 3-phenylql,2,3]triazolo(l,5-alpyridine (5, R = Ph) to 4-phenyl=-

[1,2,3]triazole -5-carboxylic acid (37).

Ph ; ' . .
. i:;?ﬂ (C» Fﬁ(ﬁfig==i?§3h
>N . R : \1<r

(5) o (3D



The irradiatiom of [1,2,3] triazolo[l,5~a] pyridine (1) in methanol37

or acetic acid38 was found to yield 2-methylpyridine (38) and its

derivatives (39) and (46) in low yield.

ZF N _MeoH @ . ]
SN gy PeH, N “CHOCH,

(L | (38) (39)
‘ /
" o Jencnon
N (3P1§: A
(40)

. Jones and Davies39-4o

have found that some 3—(triazolopyridy1)
acraldehydes add methanol in high yield to give the corresponding
propionates when irradiated through quartz or pyrex. Irradiation of

either the E (41) or Z (42) acraldehyde gave the same product (43).

2 | | ‘ '
. R o C:C%F:iis
R R CH,
A Me OH Y ‘!
X N\l\?’ v LR NN
' (41) R! = Me,'R2 eci0 R1enm |

(42) ‘le- CHO, Rz = Me, R3'- H

Other hydroxylic solvents such as water and t-butylalcohol also added
to the acraldehydes giving the corresponding propionic acid or
t-butyl ester.

It has also been reported that the cis acraldehyde (42) undergoes

thermal rearrangement to 3-methyl-5-(2-pyridyl)pyrazole-4-carbaldehyde

(44)3 3-methyl-S-(2-pyridy1)pyrazole (45) is also produced. The trans

acraldehyde (41) gives only the pyrazole (AS)alfAZ.

12.



(42) “ | | (41)

8o°c 210°¢

(44) R = CHO

(45) R=H

In carboxylic acids, cleavage occurs om heating (70-100°¢)

yielding esters of the corresponding 2-pyridylcarbinols (46)43,

7y _Rooou >@ |
AN SN~ CHOCOR

qw . (46)

\
g

13.

Triazolopyridines with electron withdrawing groups in the 3-positiom,

for example 3-(2-picolinoyl)-[1,2,3]triazolo(l,5-a]lpyridine (47), were
found to be resistant to the attacks of carboxylic acidsaa. Bromine,
iodine or boiling aniline transformed compound (47) into (48) which

further reacted with elimipation of nitrogen to give dihaloketones

or di(2-pyridyl)acetanilide.

Ry

Pg‘c =Oy
72 é: -
4n (48)

Py = 2=-pyridyl
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Regitz has reported45 that treatment of 3-acyl=-[1,2,3]triazolo-
[1,5-a]p§ridines (49) with perchloric acid in dioxan resulted in ring |
cleavage and led to yellow-orange perchlorates of the dlazo stage (50)-
which could ot be isolated in the synthetic procedure 1nv01v1ng diazo
group transfer to the ketones (see page 4). The salts were cyclised
by loss of perchloric acid even in ethanol with regene?ation of the

triazolopyridines (49).

Wzth aqueous 511ver nxtrate (1, 2 3]trlazolo[1 S-a]pytzdlne (1)
gives a 311ver salt complex6 and w1th methyl iodide 1t gives a
methlodldes. Protonatlon w1th dzlute a¢:1dl‘3 gave a‘stable conjugate
ac1d. It cen‘be seen that protonatlon can take place on either of the

two non—br1dgehead nltrogen atoms I (1) can form two possxble cations

(51) or (52).
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-H
SN N +
l
H- I
[ (51) NllProtonafion (52) N2 Protonation
= 7
rry N-H
AN Ny
T +

I—Armare3046 has used 1:aK.a comparisons with diazaindenes to suggest that
structufe (52)'is the favoured one for the site of protonation, even
though structure (51) has a resonance form with a fully conjugated
pyridine ring.

There have only beeﬁ‘two recorded cases of a simple substitution
of the [1,2,3]triazolo[l,5-a]lpyridine ring system (1).

Heating (1) in D20 solution above 100°C caused eTchange of H3
for deuteriumza. On long exposure, a slower exchange of H7 was also
observed. The authors suggest that the exchange of the triazole ring
proton may take place via the (diazomethyl)azines, or by a carbanion
mechanism in the triazoles themselves. Exchange of the six-ring
protons probably occurs via a carbanion mechanism. Valsmeier-Haack

formylation gave the 3-formyl derivative (53) in 8% yield.26

HO

DMF 2 (53)
Compound (1) >
o POCL, X Nw\fy
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Triazoiopyridine (1) also.reacts with chlorine and bromine to give
the dihalomethylpyridines (54) and (55). Reaction with mercuric
acetate in glacial acetic acid gave the substituted mercuriacetate
(56). These reactions were carried out as undergraduate projects
at this university and they will be discussed in more detail in the

next section.

©o(1) Cl2 or Br

\N\{\P | i S~ CHX,

(i) Hg(0AC) ,~RCOH

=~
U5, l‘ HOCORIHOCOR () x-a

O (55) X = Br

\ :
(S . . v

i
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Discussion

The bulk of this chapter deals with the reactivity of the
triazolopyridine nucleus, with reactions with electrophiles and with
attempts to increase the teactivity of positions on the nucleus.
[1,2,3)Triazolo[1l,5~a]pyridine can be synthesised in many ways. The
method used in the course of thlS research 1nv01ves oxidation of the
hydrazone (or tosylhydrazone) of pyridine-2-carboxaldehyde with
potassium ferriycyanide6 (or morpholine)lé. The yields obtained
were in the region 75-807%. Galassoa?’has used the SCF-LCAO-MO method

to calculate the m electron densities of (1). These are as shown.

0-951 14105 1015
. 7
1032 - 1129

0.972'X
1403 102" 4,990

it‘cac be seec that the greatestvn electron density occure at positions
7, S and 3, so electrophlles would be expected to attack these positions.
Howevet, consxderat1on of the valence tautomers available for thls
molecule, in the attack of an electrophlle, shows that p031t10n 3

would be the preferabie side of attack, structure (57) has a fully

conjugated pytidine ring which confers greater stability.
EH-

o

+

~
N

(57

Experimental results agree with this observation. As mentioned in
the Introduction, triazolopyridine undergoes Vilsmeier-Haack formylation

to yield the 3-formyl derivativezs. -Base catalysed hydrogen-deuterium
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exchange occured on heating with D

20 at 100°C to yield the 3-deuterio

derivative (58).28_

D

‘ 100°C/D20 ' N
Compound (1)~ —% >
g Sealed tube BN
' (58)

Attempts to repeat these experiments under acid catalysis were not
successful. Deuterium chloride and deuteriosulphuric acid (02504)
were used at various temperatures (40~100°C) and reaction times
(3d mins + 4 days). The reaction was followed by n.m.r. spectroscopy.
No reduction in the size of the singlet due to H3 at 8.0 ppm was
observed, however it was moved downfield (as were all other signals)
and appeared at §9.0 ppm. Obviously either N1 or N2 of the triazole
ring was being deuterated. When dry hydrogen bromide gas was bassed
into a cooled solution of;triazoioﬁyridine, the hydrogen bromide salt
of triazolopyridine was deposited. The n.m.r. wa; identical to those
’ 1
mentioned previously. Axmaregoa6 has used pKa considet;tions to
suggest that protonation .occurs on N2. By running the spectrum in
trifluoroacetic acid (a strong protonating medium) a spectrum identical
" to those above was obtained, and by shaking the sample with sodium
bicarbonate, regeneration of t:iazolopyridine was achieved.

- Many attempts to :epeat tﬁe Vilsmeier—-Haack formylation of
triazolopyridine failed. A variety of conditions were used includiag:
kl) ' Mixing of the DMF and POCl, at room temperature and refluxing ,
48

after addition of triazolopyridine

(2) Addition of finely divided calcium carbonate after addition
| | 26

of triazolopyridiqe,niollqwed by refluxing
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‘

(3) Mixing of the DMF and POCl, at 0%c.

3
(&) By using a modified Vilsmeier reagent.

' N-formyl morpholine was prepared52 and was used in place of
dimethylformamide. Rate enhancement with unreacti#e substrates has -
“been reportedsz.' In all cases triazolopyridine was recovered.

Nitration gave 3-nitrotriazolopyridine (59). The reagent was
a mixture of fuming nitric acid with acetic anhydride and the
temperature was kept below 10°C.v' The position of the nitro-sub-
stituent was easily eetablished by the 1H n.m.r. spectrum which
showed only. four signals at §7.4 (dd, J6.5 and 7 Hz, H-6), 7.9 (dd,
J7 and 9 Hz, H-5), 8.5 (d, J9 Hz, H~4) and 8.95 p.p.m. (d, J6.5 Hz,

H-7).  These coupling constants compare well with those recorded for

the parent triazolopyridineza./-

NO;
- HNO
Compound (1) - e . - /a; -
S A RN

(59) -

Attempts to reduce the 3-nitrotriazolopyridine (59) to 3-aminotriazolo-

| pyridine (60) were unsuccessful, The most abundant product from

transfer hydrogenation was a colourless eompound of molecular weight
195 and molecular formula 012H9N3 In the lH n.m.r.’spectrum all
nine protons could be distinguished and by selective decoupling
separated into three groups. Mbst promdnent was a sxnglet (18) at
67 58 p. p.m. One series of four protons at 68, 62(HA), 7 16 (HB),
7 75 (H ), and 8.33 p.p.m. (H ) represented a sequence w1th coupllng
A,B Slﬂz’Jnc c,D
of an a—substxtuted pyrxdzne. The remalning four protons showed a

7 6 Hz, J = 8.0 Hz, character1st1c

constants J

19.
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similar sequence 69.94 (H), 6.70 (H"), 6.86 (&°), and 7.48 (&) p.p.m.,
with JE,F = 6.8 Hz, JF,G = 7,1 Hz and JG,H = 6.9 Hz. The structure
which best matched these data was that of 3-(2-pyridyl)imidazo[l,5-a]-
pyridine (61); a search of the literature revealed that this compound

49,\and that the

had been prgpared from pyridine-Z-cérboxéldehyde
mélting point and physical data agreed reasonably well with those of
. our reduction prodﬁct; Subsequent studies by Tisler and Sta;novnik4
have also led to the synthesis of compound (61). Treatment of
compound (60) with either hydrochloric acid or sodium hydrogen carbonate
gave compound (61) iq“352 yield. |

On catalftic hydrogenation the nitro-compound (59) gave some

imidazopyridine (61) and a compound identified by spectroscopy as the

tetrahydroderivative (62); by analogy with indolizine the pyridine
50

ring should be easily reduced” .
NH, NO,
7 Ny 7 = g
—xX— — N
A N XN~
\
(60) (59) !
NH,
——\., (61)
<Y |
(62)

The mechanism of formation of the imidazopyridine will be discussed
later.

Previous worker351 at this university have shown that treatment
of a solution of triazolopyridine (1) in carbon tetrachloride with

e . '3 O [
either chlorine or bromine, at a temperature of 0-5C was accompanied
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by a vigorous evolution of gas. As previously mentioned, the
products were respectively, 2-dichloromethylpyridine (54) and
2-dibromomethylpyridine (55). Reaction with mercuric acetate in
glacial acetié acid gave fhe subétituted mercuriacetates1 (56).

It was found that the diiodomethylpyridine (63) could be obtained
if a dichibfomethane solutio? of triazolopyridine (1) was treated
with a simiiar solution of iodine,zthe sharp singlet at §6.2 p.p.m.

being indicative of the diiodomethyl proton resonance.

I, /l
CH,Cly SN~CHI 2

v

Compound (1)

] | (63)

As can be seen triazolopyridine (1) reacts in two different ways

towards electrophiles

1) . simple substitution, as in formylation and nitration
3di) reaction in which ring opening and nitrogen extrusion were
. \
characteristic. - : : N

The mode of formation of the pyridine derivatives (54), (55), (56)
and (63), and of the imidazopyridine (61) are best discussed -

together.
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- R _-_Hi. = /E
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g 2 H
T 'Nz ~ Ny
(64) (66)

The formation of pyridine derivatives with loss of nitrogen must be
attrlbuted to the tautomerism (1).—-(64), or, more likely, to the
tautomerism (65) == (66) of the 1ntermed1ate in electrophllxc substitution.
If the electrophile E is an electron-withdrawing group, the intermediate
(66) w{il be longer-lived and deprotonation of the cyclic form competes
successfully with loss of uitrogen. If the electrophile E is only
weakly stabilising to the diazonium intermediate (66), Lucleophilic ‘
attack with loss of nitrogen is the favoured process.‘ This hypothesis
has ag a corollary the extreme fnstability of the tautomer (67) when
the hydrogen atom is replaced by an electron donor such as the amino
group. : 'Loss of nitrogen from theAtautomeric form (67) in 3-amino-
triazolopyridine gives a reactive‘intermediate (68) similar to that
propose&.in the reaction between pyridine—z;éarboxaldehyde and

ammonium chloride. The lntermedxate (68) can attack unchanged

3°aminotr1azolopyr1d1ne to produce 3{2-pyr1dyl)1m1dazopyr1d1ne (61)

as shown in Scheme 1.6.
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Attempts to establish a radical mechanism for the halogen reactions
were unsuccessful; methyl radicals failed to react with triazolo-
pyridine at ambient teﬁperatuesss.

" Chlorosulphonyl isocyanate is the most reactive isocyanate
_known. This appears due to the particularly high degree of electro-
positive polarisation as a result of the direct attachment of the
isocyanate group to the strongly electron—attradting 50201 group53.
It was thought that reaction of triazolopyridime (1) with chloro-
‘sulphonyl'isod&énate'wdﬁld give the N-chlorosulphonjlamide (69).
This compound could then be used to provi&e a whole r;nge of 3-

' substituted triazolopyridines - Scheme 1.7.

B ~ CONHSOCL
0CN-50,,01 . 2

. 2 =
Compound (1) | > ,
N
1
R"0H Hzo
\
!
1
RrCONHSOZOR
DMF R-CONH
2
R-CONHSOQ
R-CN

R = triazolopyridin-3-yl

Scheme 1.7
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Upon addition of chlorosulphonylisocyanate to triazolopyridine in
dry benzene a white precipitate formed immediately. The white
precipitate was identified,'ﬁy n.m.r. spectroscopy and microanalysis,
to be probably a 1:1 complex of triazolopyridine and chlorosulphonyl-
isocyanaté.

Iﬁ&olizine 70} reacts with dimethylacetylenedicarboxylate
 (DMAD) in tolueme solution in the presence of 5% palladium~on=charcoal

to give 1,2-dicarbomethoxycycl[3.2.2]azine (71) in good yield.54’55

In
addition to (71}, 1,2-dicarbomethoxy-3,4-dihydrocyc1[3.2.2]azine (72),

was isolated as a by-product in a 10-15% yield.

'é-—CéC—e . \
Pd/C + | .
L . & . & € [ _

o) | : - @) (72)

- - ' \

It wag thought that triazdlopyridine (1) might undergo a similar
reaction to form an azacyclazine such as (73). In another possible
mode of reaction dimetﬁylacetylenedicarboxylate acts as an electro-

pﬁile;and thus produces the vinyl substituted triazolopyridiﬁe 04,
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When triazolopyridine (1) was treated with DMAD in carbon tetrachloride
solution at room temperature, a red colour developed imhediately which
intensifigd on standing. However, continuous monitoring by thin-layer
chromatography and n.m.r. spectroscopy revealed nothing apart from the
starting maﬁerials. Evén after two years the intense red colour
remained;‘g;ﬁ on work up only starting materials were i?olated.

The reactions so far mentioned have all taken place at
position 3, i.e. on the tiiazole ring. There ha?e been no reactions
reported on the py:idine portion of the tria;olopyridine nucleus.,
In an attempt to increase ﬁhe reactivity of the_pyridine ring two
possibilitigs’were investigated:
1) Formation of a chromium—arene complex
aii) Formation of the N-oxide
In organometallic fields it has iong been known that arene reactivity
changes markedly when the arené is coordinated to the chromium

tricarbonyl unit56. The changes are summarised below.



27.

(i) steric effects of the metal-ligand system
(ii) stabilisation of side chain cationic sites
(iii)  enhanced acidity of the arene ring hydrogens
(iv)  addition of nucleophiles to the arene-r system leading

to nucleophilic aromatic substitution.
For example, indole does not react with nucleophiles by addition or
substitution, it reacts only by deprotonation. ' Indoles with a free
N-hydrogen are invariably deprotonated at nitrogen. - The reaction
of indole with chromium hexacarbonyl produces a single product (75).
In this complex there is a strong preference for substituﬁion at the
4-position (76). Minor amounts of substitution at C=7 (77) are

also detected.

p R
o = AN L O
11l
: N N
S R - H
1
\
. (76) Lan
R = TCH,CN, “C(CH,) ,CN, c(cn3)2co§13u

‘It was hoped that reaction of triazolopyridiné with chromium hexa-
carbonyl would produce a complex such as (78), which could be then
used as an electrophile and thus allow nucleophilic substitution on

the pyridine ring.

/

_ |

. Cr(COQ);
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However, refluxing triazolopyridine with chromium hexacarbonyl in
dioxan for 4 days gave none of the expected product (78), but only

a small amount of starting material with copious amounts of a pyrophofic
powder. The powder was presumably finely divided chromiuﬁ metal with
the ;riazolopyridine present in complexation.

In amfurther attempt to.increase the reactivity of the pyridine
ring of triézolopyridine attention was turned to the possible formation
of an N-oxide. The dipolar N-oxide group is both an electron donor
and an’electron acceptor. For pyridine, it has been reasoﬁed that
the N-oxide oxygen atom would release electrons to the 4 position
thereby promoting electrophilic substitution at that position.

However, electrons are pulled towardsythe positively charged nitrogen
atom, consequently they can undergo nucleophilic attack in positions
alpha and gamma to the N-oxide gréup57. ., Like pyridine, activation
would be expected ;t position 5 of the triazolopyridine molecule.
Attempts to mirror this reactivity by forming an N-oxide (79) failed.
A mixture of triazolopyridine and m-chloroperoxybenzoic acid in ether
was checked by thin-layer chromatography (T.L.C.) for 48¥hours. There
was, however, no reaction and a quantitative yield of starting

material was recovered,

"Compound (1)

X

&
/4
s

o2

79)

‘These preliminary experiments failed to achieve substitution on the
pyridine ring. = Chapter two discusses further efforts to effect such

substitution.
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Experimental

Preliminary notes

Melting points were determined on a Kofler hot-stage apparatus
and are uncorrected. Infrared absorption spectra were recorded on
a Pye~-Unicam SP2000 instrument. Solids were recorded either as
solutions (e.g. CHC13) or as nujbl mulls, and liquids as thin films.
Ultraviolet and visible absorption spectra were recorded om a Perkin
Elmer 402 spectrophotometer. Nuclear magnetic resonance spectra
were routinely measured on a Perkin-Elmer R.24 instrument at 60 mHz
and/or a Hitachi Perkin~Elmer R.24B. Carbon13 n.m.r. and proton
n.m.r. at 100 mHz were recorded on a Jeol FX100 FOuiier Transform
ingtrument. Chemical shift values are quoted in delta (§) values in
P.P.m. with respect to tetramethylsilane as intermal standard.
Micro~analyses were carried out on a Perkin-Elmer 240 carbon/hydrogen/
nitrogen analyser at the University of Keele. Exact mass measurements
were carried out by P.C.M.U., (Harwell). Mass spectra were recorded on
a'fitachi-Perkin Elmer R.M.U.~-6 instrument and a A.E.I. M§ 12 instrument.
Column chromatography was carried out using deactivated Woelm alumina,
neutral grade. The activity values quoted refer to the Brockmann °
scale. Mediumr-pressure colum chrématography was carrieq out with
Merck grade 9385 silica gel (Kieselgel 60).at a pressure of ca. 50 p.s.i.
Fractions were collected manually or using an Instrumentation
Specialities Co. automatic Fraction Collector, (Model 328). Thin
layer chromatography was carried out on 20 x 5 cm glass plaﬁes coated
with Merck Kieselgel HF254' Components were vigsualised under ultra-
violet light or developed in iodine vapour., Preparative layer

chromatography (P.L.C.) was performed on 40 x 20 cm glass plates coated

with a 1.5 mm layer of XKieselgel H€254' The separate components,

-



visualised under ultraviolet light, were scraped off the plates and

extracted three times with methanol. The methanol solution was

evaporated, taken up in dichloromethane, filtered and finally

evaporated.

Abreviations used:

dd

tr.

ex

br

sh

.singlet

multiplet
doublet

doublet of doublets

. triplet

quartet
exchangeable
broad

shoulder

30.
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Preparation of [1,2,3]triaiolo[I,S-éjﬁytidine (1)
Two methods were employed : |
(1) >Prepafed by thg method of Bo&er and Ramagesifrbm pyridine-é-
~carboxaldehyde | 7
mpt - 38-40°C
1it® mpt - 39-40°%C
(ii) Prepared fro; the ﬁosylhydr;ibﬁe of pyfidine-z-carboxaldehyde14
A solution of pyridine-z-cafbbxaldehyde (sog, 0.467 mol) in
meﬁhanol'(70 ml)-was aﬁded to a stirred solution of p-toluenesulphonyl-
hydrazide (87g, 0.467 ﬁol) in methanol‘(SOO‘ml). The solution was
cboled in an ice-bath and pink éfystals Sep#rated. The crystals were
filtered and dried in a Qacuum dessicator over calcium chloride; The
weight of tosilhydrazone obtained was 92.4g (712). The tosylhydrazone
wag dissolved in 400 ml morpholine and the mixture was heated on a water
bath for thirty minutes. - The excess morpholine was then removed under
reduced pressﬁre on a rotavapor. To the resulting orange solid was
added 200 ml of dry ether, the orange solid (morpholine sulphinate)
was filtered off, ~The filtrate was concentrated underéteduced pressure

and finally distilled (111°C, 0.45 mm) to yield 28g of triazolopyridine

(.1) * (702) .

3-Deuterio-[1,2,3}triazolo(l,5~a]lpyridine (58)

Prepared according to the method of Wenttupzs.

Preparation of hydrogen bromide salt of triazolopyridine

Through a cooled solution (0-5°C) of triazolopyridine (4g,
0.036 mol) in dichloromethane (100 ml) ' was passed dry hydrogen bromide

gas ('freeze dried'). ~As the temperature rose to 25°¢C a pink solid
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was deposited. After 1 hour the solid was filtered off under a
stream of dry nitrogen. . The HBr salt was dried in a vacuum
dessicator (wt solid = 6g, % yield 89%7). - A sample of the salt was
dissolved in water and basified with saturated sodium ﬁydrogen
carbonate solution. Extraction of the basified solution with-dichloro-
methane, followed.by'drying over magnesium sulphate, filtering and:

evaporating gave triazolopyridinme (1).

Attempts‘td preparé 3-F6rmy1—[1,2,3]triazolé[I,S-a]pyridine (53)

Three methods were employed | ‘

(1) According to Silvetétein'gg.élés‘— tfiazolopyridiné (1) recovered,
(ii) ' According to Davieé26 - triazoldpyridiné 1) recovere&;

(iii) Usiné a 'modified" Vilsmeier reagent52‘¥ triazblopyridine (1)

recovered.

Pfép;fation of ﬁ;forﬁyi ﬁdtpholiﬁe

- ’To ;wsoluﬁioé of ﬁbrﬁholine (é?g, 1 wol) in 400 ml benzéne was
added fdrﬁic acid~(46g,i1 mol)., The miiture was boiled under reflux, and
using a 'Dean and Stark' apparatus, the water produced iF'the reaction
was run off. Whén'nd'mote‘water was collected, heating ;as discontinued
and ‘the mixture was allowed to cool. The mixture was dried over magnesium
sulphate. After filtration the mixture was distilled to yield 98.3g
N—formylﬁofpholidé (732); i R :

Bpt  92%c/0.03 -

1162 Bpe 93%

Attempt to pfepare 3—Fofﬁy1-[1;2,3]triézolo[l,S-a]pyridine (53) using

a 'modified' Vilsmeier reagenmt

N—formylmorpholiné (5;3g;‘0.039 mol) was cooled to 0°¢C in an
fce~hath. To this was added phbspﬁdroué oiychloride (7;13. 0.046 mol)
with stirring. At thisutemﬁeraturé, the mixture froze. It was | M

removed from the ice and some freshly distilled (PZOS) 1,2-dichloro-
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ethane (50 ml) was added to dissolye the reagent. The mixture was

" then cooled ro O;SOC, and a solution of triazolopyridine (l)r(Sg,

0.042 mol) in 1,2-dichloroethane (50 ml) was added over a period of one ;-
hour with good stirring. Thexresulting'broﬁn solution was boiled under

- reflux for fifteen minutes and then alloweo ro eool. The mixture was
then broughﬁwto pH 5-6 using;saturaﬁed eodium earbonete. The hydrolysis
was then completed by heatrng at 30—35 C for thlrty-flve mlnutes. The

” mixture was salted out' uslng sodlum chlorlde, and thoroughly extracted
with dlchloromethane (4 x 100 ml) The organlc extracts were then
‘drled (MgSOA), filtered and evaporated to yield a brown oil (11.2g).
N.m.r. spectroscopy revealed the presence of N—formylmorphollne. The

0il was reoiseoired in‘dicnloromethane (lobvml) and shaken with water

(2 x 100 ml). The organic layer was sepereted, dried (MgSOA), filtered
and evaporated to yield 4.3g of a brown oil, later identified by n.m.r. '

spectroscopy as triazolopyridine (1).

'3—N1tro-[1 '2,3]triazolo[l,5~a pyridine (59)

Tr1azolopyr1d1ne ), (Sg, 0.042 mol), was added in small portions
to'a cooled (OfS,C)_st1rred_solut1on of fuming nrtr1c-acid (5 ml) in
aeetic anhydridei(sqrml) and stirrrng was continned for'one hour. fhe
mlxture was poured into ice-water g1v1ng a precxpxtate. Extract1on of
the prec1p1tate w1th several quantltles of borlrng benzene, followed by
concentratxon of the benzene solut1ons, gave the nltrotrxazolopyrldlne
(60) Further mater1al was obtarned from the benzene flltrate, and by
preparatlve Iayer chromatography . L c. ) from‘the benzene-xnsoluble material.

Total y1e1d . L.5-1.7g° (20-252)

M.pt. : 167-169°C (benzene)

‘Analysis: Found C, 43.8%; H, 2,4%7; N, 34.4% °

6 4N402 requxres C, 43.9%; H, 2.45%7; -N, 34.15%2
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N.M.R.j((CD3)ZSO) 8§7.4 ppm, dd, 1H, H6, J6.5 and J7 Hz
o 7.9, -dd,. 1H, H5, J7 and 9 Hz
8.5, . d,- 1H, H&4, J9 Hz
8.95, d, 14, H7, J6.5 Hz

13 1N.M.R.»((CD3)ZSO). Multiplicities in off-resonance -

. given in brackets.: .
§118.0 (d), 118.8 (d), 127.8 (d), 129.4 (é), 134.3 (d),
and 142.9 (s) ppm.
I.R. "(Nujol) V.. 1640, 1515, 1350, 1240,
1070, 830 and 772 cmw .
U.V. - (952 EtOH) Amax - o0 280 am, logloe‘ = 3,34
| 287 am, loglos ‘= 3,39
©. 335 om, logioa = 3,88
Mass spectrum, m/e . | 164 (M+), :118, 90, 78.

-

Reduction of 3—Nitro-[1,2,3]triaiolo[l,s-a]gyridine (59)

~

(a) By transfer hydrogenation

\
i
A solution of 3-nitrotriazolopyridine (59) (lg, 0.006 mol) and

cyclohexane (6 ml) in 957 ethanol (50 ml) was boiled with palladium=~
~on—-charcoal (lg, 10Z) for four hours. The cooled mixture was filtered,
the filtrate evaporated and the residue separated by P.L.C. (ethyl
-acetﬁte -~ toluene, 1:4). The band of R.E 0.346 was extracted and
identified as 3-(2-pyridyl)imidazo-(1,5-a)pyridine (61). . M.pt
119-120°¢ (from cyclohexane) (120 mg, 20%). The.IH n.m.r. data is '~

given in the discussion.
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b By catalytic hydrogenation

A solution of 3-nmitrotriazolopyridine (59) (1.37g, 0.008 mol)
in dimethoxyethane (50 ml) was hydrogenated at atmospheric temperature
and pressure over palladium—on=-charcoal cataly;t (1g) uﬁtil three
equivalents of hydrogen were absorbed. Filtration and evaporation
of the filtrate gave a mixture which was separated by P.L.C. (ethyl-
acetate — toluene, 1:4)., The band of the highest Rf (0.6) was found
to be a small quéntity of the imidazopyridine (61). The slowest band
was extracted and identified as 3-amino-4,5,6,7,tetrahydro-(1,2,3]- .
triazolo{l,5-a]lpyridine (62), (61 mg, 5%), a brown oil, which proved
to be unstable to distillation and purification by chromatography.

N.M.R. (CDC13) - §1.8 - 2.1 ppm, m, 4H, HS and H6

2.5 - 2.9, . tr, 2H, H4
3-1’ bl‘.s, ZH, NHZ, Ex D20
4.1 = 4.6, tr, 2H, H7
-1
I.R. (CDC13) Vhax 3400 em .

[——_g

Reaction of triazolopyridine (1) with halogens

(i) With chlorine -

Sea work of Jones 35.55?1

(ii) With bromine

See work of‘Jones 553_1_51
(iii) With iodine | |

A solution of triazolgpyridine (1) (4g, 0.033 mol) in dichloro-
methane (80 mL) was cooled to 0-5°¢C. To this was added d:opwise a
solﬁtion of iodine_kresublimeg) (8.5, 0.033 mol)\in dichloromethane

(100 ml). The reaction was stirred at this temperature for ome hour

and then allowed to warm to room temperature. The mixture was then

-—
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washed with saturated sodium bicarbonate and sodium thiosulphate
solution. " The orgénic extract was dried (MgSOA), filtered and
finally evaporated to yield a black oil (8.0g, 697) identified by
n.m.r. to be almost pure 2-iodomethylpyridine (63). The oil later,
solidified but attempts at further purification (by recrystallisation,
distillation and chromatography) all failed.

Mpt. 48 - 50°C (ether/ 40/60 Petether)

Analysis: Found: C, 20.89%; H, 1.46%; N, 4.06%

6 SIZN requires C, 18.497; H, 1.31%; N, 3.76%

N.M.R.(CDC13) 8.4 ppm, d, 1H. pyridine a H's

7.5, m, 2H, pyridine B H's
7.1, " m, 1H, pyridine yH's
6.2, s, 14, cH
: / , -1
I.R. (CHCls) Voax 510 cm

U.V. (952 EtOH) A 220 om (sh)
274 um log,ge 4.2
Mass spectrum, m/e, 344(75) M+, - 331(100), 319(9?);.
'305(27), ~ 293(80), 281(180), 269(100),
231(100), 219(100), ~ 205(37), 193(55), 181(100),
169(100), 162(55), 131(100),  119(100), 113(50), 100(100).

Attempted radical methylat1on of [1,2, 3]tr1azolo[1 5-alpyridine (1)

To a solut1on of trzazolopyr;dlne (1) (1g, O 0084 mol) in 30 ml
77 aqueous sulphuric acid, was added FeSO4.7HZO (4.67g, 0,0168 mol)
with good stirring. “To this solution was added t-butylhydroperoxide
(1.51g, 0.0168 mol)., The mixture was stirred for twenty minutes at
room temperature. The mixture Qas then extracted with chloroform,

the aqueous layer was basified and extracted with chloroform. Each
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organic layer was dried (Mgsoa), filtered and evaporated. Both

extracts yielded only triazolopyridine (1) (0.9g).

Reaction of triazolopyridime (1) with chlorosulphonylisocyanate

To a stirred solution of triazolopyridine (1) (5g, 0.042 mol)
in anhydrous benzene (150 ml) was added, in one portion, chlorosulphonyl-
i;qcy;n;;é‘(3{65 ml, 0.042 mpl), under a §ry ni;roggn atmosphere. Upon
addition, a white precipitate formed immediately. On warming the
mixture to 30°C this white precipitate turned orange in colour. The
mixture was heated for a further one hour at 50°C.  The mixture was
" then allowed to cool, and the orange precipitate was filtered. N.m.r.
spectroscopy on ﬁhe orange solid revealed only the presence of peaks
due to triazolopyridine (1).
~Analysis of the solid éave the following results:
.Found: C, 31.85%; H, 3.02Z; N, 18.212
Mpt. 40 - 50°C
Analysi; figures expected for a 1:1 éomplex of triazolop?ridine (L
| and chlorosulphonylisocyanate would be | }
C, 32.25%Z; H, 1.93%Z; N, 21.50%
Further purification of the solid failed, On attempted recrystall-
isation, the solid turned to an oil, which by n.m.T. spectroscopy
was shown to be‘triazolopyriding (.. On t.1,c.~plates, the solid

gave a spot with an identical Rf value to that of triazolopyridine (1).

Reaction of triazolopyridine (1) with dimethylacetylenedicarboxylate

‘To a solution of triazolopyridine (1) (2g, 0.0168 mol) in carbon
tetrachloride (50 ml) was added dimethylacetylenedicarboxylate (2.39g,
0.0168 mol).  The resulting mixture turnmed pink inbcolour, over a

period of days this colour intensified to a deep red.



38.

Repeated T.L.C. (l:1 ethylacetate — toluene) revealed the
presence of nothing but starting materials. After several months
the reaction mixtﬁre was evaporated to yield a red oil (4.5g). N.m.r.
spectroscopy revealed it to be a mixture of triazolopyridime (1) and

dimethylacetylenedicarbcxylate.

¥

Reaction of triazolopyridine (1) with chromium hexacarbonyl

Io a solution of triazolopyridine (1) (5, 0.042 mol) in
dioxan (200 ml) was added chromium hexacarbonjl (10.26g, 0.046 mol)
under a dry nitrogen 'blanket' atmosphere., The mixture was boiled
" under reflux for S days. Repeated T.L.C. (1l:1 ethyl acetate - toluene)
showed nothing but the presence of starting material. The mixture was
allowed to cool after 5 days refluxing and f£iltered to remove unreacted
chromium hexacarbonyl, The filtrate was evaporated to yield ~ 0.1g of
- a brown oil, which was identified by n.m.r. spectroscopy as triazolo=
pyridine (1). The filtered material ignited spontaneously in the
air (probably due to finely divided chromium metal). Th? remainder

i
of the starting material must be presumed to be amongst the filtered

material.

Reaction of triazolopyridine (1) with m—-chloroperoxybenzoic acid.

An attempt to synthesise the N-oxide of triazolopyridine (79).

To a solution of triazolopyridine (2g, 0.0168 mol) in
anhydrous ether (20 ml) was added one equivalent of m-chloroperoxy-
benzoic acid (2.9g, 0.0168 mﬁi). The resulting yellow solution was
stirred at 0-2°C. The reaction was followed by T.L.C. (l:1 ethyl
acetate - toluene). . After 48 hours only starting materials could be

detected. The solvent was removed under reduced pressure to yield



a yellow oil (5g). N.m.r. spectroscopy revealed only the

presence of starting materials.

PR
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DIRECTED - LITHIATIONS
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(2.1) Introduction

This chapter continges the efforts to substitute the py;idine
ring of triazolopyridine. VDirected_Iithiation rgactions were used;
there now follows a review on thercpncept of‘direc;ed lithiations.
Examples qf directedjlithiation_reactions on some ;nalogoqs
heterocyc}ic systems are included.( As will be seen Iaterlghe
synthesis of 2,é-disubstituted pyridines was possible, along with
a possible synthg;isiof bipyridyls. Previous methods of synthesis
of these two‘qlasseﬁ of compoundg are also reviewed.'

(2.2) Review of directed lithiations

Since Gilman and Morton59 first reviewgd the topic of
metalation‘réaqtions, there‘ha; been intensive exploratiohs in this
area. Research éfforts have been characterised by ﬁhe discovery of
new func;;onal groups that promote metalatioq, elaboration qf‘ﬁovel
heterocyciic and olefinic sﬁbsﬁréteé which may be metalated,
recogni;ion of new types of lithiating ageﬁts, ;nd the continuation
of efforﬁszto define aqcu;atelf the mechanigm.of metal;ﬁiqn.
Accordingly, heteroatom~facilitated lithiation has become recognised
- as an incrgasingly important”toql. There hag‘been one exce;lent
rgviewso on theJtopic of heteroatom—facilita;ed,metalatiqns and

61,62

several others covering the topic in a more limited or less

specific sense63’§a’65.
In this review, lithiation is defined aéﬂthe exchaﬁge of a

hydrogen atom attached to an spz-hybridised carbon atomJ$§ lithium

to form a covalent lithium—carbon bond.

N CRL N
. c—H » C—Li




More specifically, discussion is limited to those metalations which,
tbfough the influence 6f a hetefoatém,>are characterised by rate B
enhancement and‘régioselectivityl In fact lithiations of this
type ére)noted'for a high degree of regioselectivity, metalation
generally occurring on the spz-carbon atom closest to the heteroatom.
Based on the relative position of the heteroatom such lithiations
are convenigntly classified into two principal categories : alpha
and beta (ortho) lithiations.

Ip alpha lithiations the metalating agent deprotonates the
szfcarbon\atom alpha to the heteroatom to form a carbon=lithium

bond. ' See scheme 2,1.

v vy _ —> x/“\,u
| | X = hetefogtpm

B S o WIS
Coxw et |

Cspz

v

Scheﬁé Z.i .
S \

: SRR )
This spz-carbon atom may be part of an olefinic or heteroaromatic

T system.
.~ In beta lithiations the metalating agent is directed to
Rt e . R o
deprotonate the sp =carbon atom beta to the heteroatom—containing

substituent. See scheme 2.2.

H
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X= héteroatom
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The designation "ortho metalation" is used specifically for the beta
metalation of carbocyclic aromatic systems.  An understanding of the
mechanism can be facilitated by the recognition of the existence of

two distinct types of metalating agents.

(i)  Lithium alkyls and aryls
' These are oligomers of‘varying complexity in solution.

" See table 2.1.

Table 2.1

| Lithiating S State of - : -
Agent , Solvent aggregation Reference
n=Buli hydrocarbon hexameric | : 66
| | ether | _ ’tetramgric ”66’
| | T.H{F. ; 7’ dimerié 67
'gjguﬁi)TMEDA hydroc;rbon monomeric 68
EjBuLi‘ | ' _ hydrocarbon | tet;gmeric »,65‘7
CTEE. &iﬁéric 3.67
CGHSLi, | ether . dimeriq | . 63
T.H.F. .| dimeric ; | 70

In addition they are electron-deficient species71,and therefore
Lewis acids which can coordinate with Lewis bases such as ethers
and amine365 with consequent depolymerisation to v;rying extents.
These reagents become more basic as the aggregate size diminishes;

therefore, tetrahydrofuran is the solvent of choice for generating

reactive species.
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(ii). Lithium dialkylamides and n-butyllithium/amine complexes.

The diSCinguishing.characteristic of these reagents is the
negligible extent of Lewis—acid character relative to uncomplexed
lithium alkyls and lithium aryls. Another distinctive property of
the lithigm dialkylamides is their decreased thermodynamic basicity
relative to lithium alkyls. , Although an apparent contradiction in

72,73 that lithium dialkylamides are

terms, it has ofteg been noted
generally more effective metalating agents than the thermodynamically
more basic lithium alkyls. The phenomenon of increased kinetic -
basiéity of lithium amides may be rationalised by the availability

of a free pair of electrons, which permits the formation of a
four-ﬁembered transition state. The intermediaey of a free carbanion

is thus avoided72

. It shoﬁld be recognised that the deprotonation

of 'an unsaturated carbon acid such as benzene or ethylene is

.thermodynamically feasible with lithium alkyls. Yet these

metalations are exceedingly slow even in ethereal solvents; e.g.,

benzene shows negligible lithiation with n~butyllithium in hexane

after 3 hours at room temperaturesg. Therefore, one p&enomenon

that must be explained by any mechanism concerning heteroatom-

-facilitated lithiation is the great rate enhancement; e.g.,

anisole metalates to the extent of 30Z with n~butyllithium in

ether in 2 hours74. In addition the high degree of regioselectivity

mst be accounted fdr. T | | |
It has been assumed for many years that the.initial step

in the heteroatomfacilitated lithiation reactions is the coordinatioﬁ

of the electron-deficient metalating agent w{th the non-bonding

electrons in the substrate heteroatom (with attendant depoly-

merisation). This coordination is then followed by a protophilic
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attack of the carbanionic portion of the*lithiating agent on the
adjaeent hydrogen.atoh, leading to the metalated product75. ‘Other
factors, particularly the inductive effects of heteroatoms or
substituents can play important roles in these reactions. Hydrocarbon
acidity can become’ the sole determinant6o. It is postulated that
there are, in fact, two limiting mechanisms:

1. "coordination only" meehegism

2. "acid-base" mechaeieﬁ. A
A fulllexplanatioe”of these:toneepts (with particdlar,reference to
beta lithiations) is best preseeted through illustration. The
. best example of a "ecoordination only" mechanism is the ortho
lithiation of N,N—dialkylbenzylamines76. Despite the fact that the
benzyllc methylene group has an 1nduct1ve effect on the ortho
‘ posxtlon whlch actually decreases 1ts acxdxty, 11th1at10n occurs
exc1u31ve1y at posxtlon 2. Thus it has been assumed that the 1n1t1al
step in thls reaction is the coordlnatlon of the metalat1ng agentA
(w1th the lone palr of the ba31c nltrogen atom. VThe nearest ava1lab1e

\

proton, in the ortho p051t10n, then suffers a protophxlzc attack,

leadlng to the 1nternally chelated and 1solab1e organo lithium

spec1es. See scheme 2 3.

NCHy), (CHs)Z

o
L

-Ll

Scheme 2.3
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Most mechanistic studies of the ortho lithiation have been carried

out with alkylaryl ethers, where a combination of the two mechanistic

determinants, i.e., coordinative and inductive effects, is operative.

For anisole the whole process is generally and simplistically pictured

as in scheme 2.477.

OCHj, HCO “a OCH,

v &

Scheme-Z.A“

In the intermediate coordinated species the carbon-lithium boﬁd of

the metalating agent and the cafboﬁ-hydrogen bond of the substrate

are polarised to a greater extent, thus éllowing the proton easily to be
removed by indﬁction. The second step, namely the actual deprotonation
‘is rate determlnlng. ’ o | \

| An 1mportant example is the llthlatlon cf Bfmethoxy-N N=-
-dimetpy}benzylamlne7o. The ac1d1ty of the hydrogen atoq at
position 3 should bebdis;iﬁctly higher than at position 2 because
of the induc?i&e effect of\the methqul group. \Never;heless,'
metalatioh with‘a iithiafing agent of high Lewis~acid character
(n~BuLi) occu}s e#clusively at position 2 as a result of the higher
coordinative capacity of the basic nitrogen ("coordination only"
mechaﬁi:@). Aif;fﬁéti;éif;‘ﬁi;ﬁ tﬁévmbnoﬁeriérﬁfﬁuLilﬁéfraﬁethyiQ;
-gthylgnediaminé(TyEpA) cémplex whose Levisjacid character has been

considerably diminished via coordination (vide supra), the most
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acidic proton at position 3 is removed selectively ("acid-base"
mechanism).

Each individual group (containing one or more heteroatoms)
has its own distinct beta—directipg abilit}.‘ The establishment of
a“rénking sysfém is of cﬁnsiderable ﬁfaétical interesﬁyfor n-systéﬁs

bearing more tham one directing group. Various research groups have

_addressed themselves to this problem59’61’7o. Their results permit
the following generalisations:
(L Under kinetic lithiating conditioms, the strongest beta

directing groups combine both an electron—wi;hdrawing
effect and the properties of a good ligand.

(2) Among the groups in which the directing heterocatom is
sepérated from'theAn-sys;emwby a saturated carbon atom,
thus providing no’electron—withdrawing effect,ha basic
nitrogen atom is the most powerful director.

(3) In the presence of non-Lewis-acid metalating agents, the

rank order of the directing groups is determined largely

[ . \
by their inductive or acidifying effect. 3

Thus the following order of beta-directing potential can be
egtablished:"
SOZNRlRi’ Soz-ary1>2-oxazolines>CONHR, CSNHR>CH2N(CH3)2>
CR(O-)CHZN(CH3)2>OCH3>O-ary1>NH-ary1>S—ary1>NR-ary1>

N(CH3)2>CR1R20.

A}

Examples of heteroatom=-facilitated lithiations amongst heterocyclés.

An interesting observation with the phenothiazines is that
_ N-unsubstituted derivatives are lithiated more readily and regio=

Selectively than are the N-alkylated homologues. Lithiation of
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N-methylphenothiazine (80) leads to a mixture of products (81) and .

(82)78:79
| , ;; CZ}ia
(80) - (81) (147) - (82) (162)

indicating the approximate equivalence of sulphur and nitrogen as
ortho—difecting groups. However, phénothiazine itself is lithiated

exclusively ortho to nitrogen to give compound (84),

@:5@ dneBuri oS |

- —_— —

N A N (Ph) ,CO
H

B.....Li

(83)

1

(84) (7oh) " H : !

- If it is indeed the relative unavailability of the nitrogen lone

pair for'chelaéion with the ;ithiatihg agent that makesathé‘tertiary
nitrogen of N-methylphenothiazine a poorer ortho-direction, one
rationale is the following:

' As the formal negative charge of the monoanion generated by
N-deprotonation of phenothiazine is delocalised over the entire
n-syéﬁem (83), the hon—bénding pair of electrons of the nitrogen
atom; now cdplanar with the tricyclic s&stem, become available
for chelation with the lithiaﬁing agént.

The azomethine linkage has long been recognised as an
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excellent ligandso. This property, combined with a strong electron-
withdrawing effect, makes this functionality one of the most powerful
beta directors known to date. 4,4-dimethyl-2-oxazolines apd
1,3-oxazines cénstitute syﬁthetically useful directing groups that
contain this commoﬁ structural elemént. The ortho lithiation of
2—aryio§azéiines proceed readily even at low témperatures. The

ortho metalated species react with numerous e1ectrophi1e581-83.
For the para-methoxylderivative (85) lithiation occurs regio=-

selectively in the position ortho to the oxazoline ring, as the

aldehyde (86) is the only product isolated84.

Me O™~ CHO oy
(36 B . / o
In fact, the di:ecting capacity of the oxazoiine ;ing is so high
that it can com;ete successfully with the alpha meéalacion of
the thiophen nucleus, one of the qore readily lithiated substrates
knownas.

Although pyridines ggnerally are susceptible to nucleo-
philic attack by the metalating agent on the azomethine linkage,
some can serve as powerful ortho-directing groups.  Metalation of
the aryl pyridine (87) followed by deuteration indicates that the
kinetic product (88) arises from an ortho lithiation and slowly

equilibrates to the thermodynamic product (89)86’87.
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(89)

‘When viewed in the light ofithe,rather facilé deprotonation of
picolinesss;:the ;uccessful ortho lithiation of compound (88) clearly
underlines the marked directing ability of the pyridine nucleus.

In 2-(2'-thienyl)quinoline the ortho-directing ability of the
quinoline nitrogen leads to predominant metalation in the 3-position-
of the thiophen nucleus and only a small amount of alpha lithiationm, -

as reflected by the isolation of the silanes (90) and (91)89.‘

n-BuLi

SiCl

(CH3)3

(91) (87)

Z-Arylimidazolines are metalated in their ortho position in
a manner reminiscent of the 2-aryloxazolines. Thus lithiation of
2-pheny1imidazoliné followed by reaction with chhlofobenzaldehyde

produces the alcohol (92)90.



50.

NN N

1. ZEfBuLi pd

%

- 2. 2fC1C6H CHO

¢ “CH(CH)CgH, Cl-p
Turnihgvour éttéﬂfioh to oxygen as theﬁdftho di;écting hete;o-
atom, cyclic alkyl.aryl ethers such as compound (93) can be metalated
as expected in the position ortho to the oxygen function to give

upon carbonation the acid (94) in respectable yieldgl.

" Hod O

(93) 2 (94) (762)
Compet{tive experiments show that the ethers have a greater ortho~-
dirécting'éffect than either sulphides or aminessg; This.diffe;ential
directing ability is best docuﬁentedﬂby the lithiation of phenoxathiine,
in which’moﬂometalation occurs ex;lusively adjacent to oxygen. Even

dimetalation, using excess n-butyllithium, takes place prfdominantly

in the two positions ortho to oxygen and only to a smaller extent

at position 1 92’93.
S n-BuLi @os
—
o ‘ |
Li
;’iﬁii o | (35% as acid)

S - S
*
@o@ -
¥ Li 4

(357 as diacid) (82 as diacid)

LI
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Likewise, N-ethylphenoxazine is metalated adjacent to oxygen

exclﬁsively to give the acid (95)94.

CoHs -~ | CaHs

N 1. n-Buli N
—ie
; 2. CO2 o
O o~
o) s ©9H

.The ability of thg thioether to faeilitate ortho lithiation is
interﬁediate between that of ethers and anilines. Blatche; énd
Middlemiss95 have used the thioether group to direct lithiation to
position 5 on the imidazo(l,5-a]pyridine ring system, thus allowing

substitution on the pyridine ring.

/ - N 1. _f_l_‘BULi 7 - Raney Ni / Y N

N N\// 2. E NS N\// N
SEt | SEt ‘
(96) (97) | (98)

The thiqether (96) rea;ﬁs with butyl lithium and an elec?rophile

to produce the S5-substituted imidazo[l,5~a]pyridine (97). f
Treatment with Raney Nickel removes the thioether function,(legving
the S-substituted compound (98).

The presence of both‘a beta~ and an alpha- dirgcting group
within’the same mblecule provides‘for\some interesting possibilities.
Whereas it is a;cepte@ that alpha metalations generally prq;eed
with greater_facil%;y than beta metalations,‘specific cases have
been studied_in which both rea;tiqns can successfully compete.

In fact, a judicious choicé of conditions can allow either one of

the two processes to become dominant.
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There are two potential sites for lithiation in 2-(2'~thienyl)-
pyridine: the 3 position (invoking ;hg beta~=directing effect of the
pyridine nitrogen) and the 5 position (alpha lithiation). By the
appropriate combination of solvent, temperature, and metalating agent,
either of these two positions can be lithiated predominantly, as

documented by.the formation of the silanes (101) and (102) 8

(CH3)3SiC1

{102)

It appeérs that thé beta metalation is kinetically contrdlied

' Eécause thé species (99) slowly eéﬁilibrates to the thermodynamically
more’stable compound (100) under the reaction condicions.E Evidently
under kinetic conditions, n-butyllithium (tetrameric in ether)
preferentlally coordlnates with the pyridine nltrogen' abstraction
of the nearest proton then leads to (99). By contrast, in
tecrahydrofuran, n—butylllth1um (a solvated dimeric species) acts
more as a base than as a Lewis acid, thus abstracting the most
acidic proton in the alpha ﬁoéiﬁion of the fﬁiopﬁen nucleus.\ The
fact théévlithium diisopropylamide in ether producgs essentially

the same result is consistent with this rationale, as it display;,
unlike tetrameric n-butyllithium, only negligiblé Lewis—-acid

character. See table 2.2.



: « I Yields
RLi "Solvent Temperature
‘ ' Og . - (101) - (102)
n-BuLi THF 0 4 '93
LDA ether 0 1 74
n-Buli |  ether 0 62 13
~ Table 2.2,

i

(2.3) Synthesis of unsymmetrical 2,6-disubstituted pyridines.

The synthesis of these compounds, particularly those containing

such functional groups as alcohols, aldehydes and carboxylic acid
derivéﬁi?es, is ektf;mely difficﬁlt. Examples of such synthgses L
- are fére in the literature, while, those that do éxiéc, start‘from '
a suitably substitﬁted symmetrical pyridine. ”
Ox1dat1ve ammonolysxs, using a vanadium-silver catalyst, of
6-d1methy1pyr1d1ne gzves 2—cyano-6-methy1pyr1d1ne (103).

2 6—d1cyanopyr1d1ne (104) is al £ formed96 ‘ o \

— 1+ ]
o (0 (108

Treatment of 2 6-d1cyanopyr1d1ne w1th sulphuric acid followed by

-

hydrogenation over a palladlum—cha:coal catalyst gives

6-aminomethyl~2-pyridine methanol (105) amongst other productsg7.

Pk . ! -



54,

- 7
o Tl el
~N “CHNH
HNHC™SN “CHOH HNHC™SN “CHNH,
(105)
HOHC:L/j HOH

The same compound (105) can be obtained by treatment of the N-oxide
(106) with acetic anhydride, this gives the acetate (107) which -
upon treatment with 57 HCl in methanol followed by hydrogeﬁation

gives compound (105) as the hydrochloride saitgs.

-~ Ae 0 " HC1/MeOH
l ~ l 57 pd/C —* Compound
HC \N+ CN Ac OHZC N“CN " (105). HCl

{ , 2
O-'

(106) . (10D

Oxidation of 2,6-dimethylpyridine with sodium dichromate
gives the dicarboxylic acid (108), chromium trioxide selectively
i
oxldlses only one mechyl group to give the monocarboxy11c acid

(109)

- | Na,Cr,0 -~ '
ele | T J:j,\jﬂ L 61X

S - ~

| CH HQLC N CC%H -

3 N7~ |
Cro, (108)
HC COH 602
(109)

Metalation of 2,6-dimethylpyridine with potassium amide in liquid

ammonia gives the potassium salt (110); on treatment with diethyl-

carbonate the acetate (111) is obtainedloo.
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- KiH, = (Et0) ,CO =
HCSN-THy @ HE™NS 'CH_ cap ks, depe

(1) " in 1liq. Ve,
(ii) NH, C1

In a classic Chichibabin reaction, 2-phenylpyridine reacts

with sodamide to yield 2-amino-6-phenylpyridine (112) in 872 yield
Treatment of compound (112) with aqueous HBr gives the bromopyridine
(113) which on treatment with potassium ferricyanide followed-by

HC1 gives the carboxylic acid derivative (114)101

~ NalNH, =z 487 HBr a
L, — Il —— ||
N h H2N \N Ph Br-~SN - Ph

(112) ! (113)

2, O )
NC Ph HOC Ph

(114)
The N-oxide (115) reacts with HCl in ethanol to give the ester (116).
On heating with acetic anhydride the ester gives two products, (117)

and (118), which both can be hydrolysed to give the unsymmetrically

- disubstituted pyridines (119) and (120)102



VZ | HCL/EtoOH (& | |
ny ~
H3C ‘}l+ COzH_: H3C I\lj'l- COZEt

- N

AcO HCSN-COEt Et
. l(11_7) (lla)lu+
HOHZC S\ OzH ‘ Et SN COZH
(119) (120)

(2.4) Synthesis of 2,2'-bipyridyls.

Bipyridyls, like the alkylpyridines have been obtained by
pyrolytic reactiohé; but these are of little practical value. There

are four main methods employed for the synthesis of bipyridyls.

(a) From alkali metals or amides and pyridinés.

The reaction of pyridine with sodium amide or sodium in
1

liquid ammonia results in the formationm of 2,2'~ and 4,6'Jbipyridines
as well as the expected 2-aminopyridine. The relative amounts

of the‘bipyridines which are formed vary according to conditions:
their formation is favoured by hydrocarbon solvents when sodium |

103 PR oae .
. The reaction of sodium,air and an excess of

amide is used
pyridine gave a mixture of 2,2'-, 2,3'-, and 4,4'-bipyridines.
2,2'-bipyridine (121) has been obtained in 43% yield from pyridine-
~l-oxide by treatment with ammonium chlbride and sodium in liquid

ammonia. A small amount of pyridine was obtained as a by-productIOA.

56.
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-~ ANHACI e ~

< | A |

Na in liq. NH > N
pJ q

N*% 3 N
‘\é)_ (121)

(b) The Ullmann Reaction

The Ullmann reaction of halo derivatives with copper
powder is useful for the preparation of symmetrical bipyridines.

2-bromopyridine gives compound (121) in 60% yield,105

but the yields
are much lower with substituted Z-bromopyridine3106. As might be
expected, 2,5-dibromopyridine reacts at the 2 postition to give

5,5'=dibromo=2,2'-bipyridine (122)106.

Bryz~ |
~
N
(122)
Ferric bromide and bromine have also been used to form bipyridines ‘
' 107

' from 2-bromopyridines in the presence of sunlight™ ',

\
(c) Thermal and catalytic dehydrogemation }

i

Pyridine when heated undergoes dehydrogenation to form bipyridines;
the 2,2'~isomer was obtained in a quartz tube with a host of impuritieleS;
. . qs . . ., 109 . .. 110 .
Heating pyridine with ferric chloride™ ~, iodine™ ", or a nickel

alumina catalyst111 gave 2,2'-bipyridine.

(d) Decarboxylation reactions

Phenanthrolines on oxidation yield bipyridine carboxylic
acids which can be decarboxylated to give bipyridines. Salts of
pyridine carboxylic acids decompose on heating té yield bipyridines;
for example, 2,2'-bipyridine (121) was obtained from copper

nicotinate (123)113.



//

(123)

- +
C02 Cu

-

compound (121)

58.



PART A

SYNTHESIS OF 7-SUBSTITUTED(1, 2, 3] TRIAZOLO

[1,5~a]PYRIDINES.
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Discussion

Our goal in the research described in this chapter was the
use of directed lithiation to functionalise the pyridine riqg of
the trlazolopyrldlne (1) ring system. if we examine compound (1)
we see that on each non—br1dged n1trogen atom there lS a lone pair
of electrons. - It was thought that the directing ab111ty of the
lone pair of'electrqns on the\peiifntrogen atom (Nl)lcould’be'used

to direct lithiation to position 7 on the triazolopyridine (1) ring.

It was thought that a lithiating agent would first coordinate with
the lone paxr and then, the nearest proton, H7, in the per1
posltlon, would suffer deprotonat1on (protophlllc attack), leadlng
to an organollth1um spec1es. Th1s organollthlum spec1es could then
react*thh a varlety of electrophlles to produce 7-subst1tuted “
tr1azolopyr1d1nes. |

| Our first task was\to find the best 11th1at1ng agent,
temperature and reaction time to give an optlmup yield of the
organollthlum specxes. Triazolopyridine (1) was treated with a
variety of 11th1at1ng agents, varying both temperature and

reactlon time. The organolithium species (124) obtained was then

quenched with‘Dzo to give 7—depteriotriazolopyridine (125).



-

e

1 (125)

'The extent of lithiation was measured by n.m.r. spectroscopy.

ThlS technlque was also used to verlfy the p051t10n of lithiation.

On quenching with D20 the s1gnal due to H7 (at §8.7 ppm) was much

less 1ntense, so 1nd1cat1ng that deuterium had replaced the

hydrogen atom at p031t10n 7.

It is believed that the 11thlatioﬁ

is dlrected by the perrﬂnzrogen atom (N1), because deuterium

'exchange normally occurs first at p031t10n 3, under base cataly3132

Our results are summarlsed in Cable 2. 3

\Solvent

Liﬁhiiﬁing Tempgrature Reaction time | Z Lithiation
agent . C. hrs

n-BuLi Ether -10 3 | 50
" " =40 6 70
" " -50 2 66
" n -70 0.5 50

n-BuLi THF -40 6 50
" " =40 .24 50

n-BuLi/TMEDA | THE | = =40 6 10
" _om =40 '24 20

L.D.A. Ether =40 © 5-6 85
" THF -60 6 60

S

Table 2.3

60.
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Table 2.3 shows that the best results were obtained using
the lithium diisopropylamide/ether lithiating system. This system
has negligible Lewis~acid character, acting more as a base than as-
a Lewis—-acid. Thus, it removes the most acidic #roton, H7. This
is an example of the 'acid-base' mechanism‘previ&usly mentioned, -

The ErsuLi/ether system, however, has high Lewis-acid
character. It is expected to coordina;e preferentially Qith the
nitrogen atom (N1) lone pair and then abstract the nearest proton
H7, thus exemplifying the 'coordination only' mechanism. The
fact that the LDA/ether systems give the highest percentage of
lithiation suggests that the acidity of the proton at position 7
is the determining factor in»this lithiation. An apparent
contradiction of this hypothesis is the fact thatlboth the
EréuLi/TMEDA and n-BuLi/THF systems, which both have negligible
Lewis=~acid character, give lower percentage lithiation than the
E}BuLi/ether system.

Throughoﬁt the research described in.éhis the§is, most of
the‘lithiation was &onewith the li;hium diisopropylamide/etyer
system, the reaction temperature and time being -40°C and 6 éours.
respectively., Under these conditions, the 7—lithiotriazoiopyridine
(124) was treated with vatiou§ aldehydes and kegpnes chosen to

provide a full range of reactivities.

rlcor? “ TN
1 N ’
R—C-0OH
|
Fz?

(126) a-h

Compound (124) -
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The results are summarised in table 2.4. The spectral feactures

of these compounds will be discussed in chapter 4.

Compound (126) gl g? 7 Yield | M.pt. °C
. a H n~C_H ‘ 30 unstable
7713 ,
brown oil
b 1 Ph ' 30 123.5 - 124.5
¢ " 4-4eOC H, 69 171 - 172
d H 4-¥0,C H, 20 180 - 182
e Me 4-pyridyl 40 125 - 126
£ CH., CH, CH,,CH, CH, 25 100
g Ph  Ph 52 186.5 - 187.5
h Me CH = CH2 38 unstable oil

Table 2.4 .

The reaction of 7-lithiotriazolopyridine (124) with methyl vinyl

ketone (an a,B-unsaturated ketone) produces the expected 1,2

addition product (126 h)114

M.V.K. “Z Y=\
Compound (124) 4 N “63,

Fié: OH

(126h)

\

\
1

It is known that lithium dialkyl copper reagents add to a,B8-

-unsaturated aldehydes and ketones to give conjugate addition

products (1,4 addition)l}3s116,




‘o‘ o R
1] ‘ | (]
-C=C-C-~-R'" + RZCuLl -_— - C-C=C-R
! | L]
_ R H 0o -
. I
H -C-C=-C=R
- R

It was thought that the 1,4 addition product (128) could be
obtained by converting the lithio species (124) into the
bis(triazolopyridin~7-yl) copper reagent (127) and then by

subsequent reaction with M.V.K, '

Cu reagent
Compound (124) 3 Culi VK-
. ) -

(127)
N
NS DJ-pq E
CP'!ZCHZCOC:H3
(128)

Two copper reagents were employed to effect this conversion.

(i) Use of cuprous halides. RZ'CuLi reagents can be prepared

by mixing 2 moles of the alkyl lithium reagent with 1 mole of

cuprous halide. The cuprous halide has to be very pure117, or

better‘still,:freéhly preparedlla. However, upon addition of M.V.K.

and after work=-up, ohly the 1,2 addition product was isolated in

37% yield.

63.



(ii) Use of a dimethyl sulphide -cuprous bromide complex

to prepare the lithium diarylcupratellg. The complex is easily

synthesised using equimolar proportions of dimethyl sulphide and
cuprous bfomide. The complex was then recry;tallised.from hexane,
However, when this complex was used no reaction at all was
observed with M.V.K, and triazolopyridine (1) was recovered,
From table 2,4 it can be ;een that the yields for some
of the triazolopyridin=7-yl methanols (126) are low, It was
thought that conversion of the lithium species (124) into a
Grignard reagent (129)'wou1d improve the yields. The reaction
with M.V.K. was used in this investigation. The lithium species
(124) was therefore treated‘with anhydrous magnesium bromide
to givé the Grignard reagent (129). Reaction with methyl vinyl
ketone then gave the expected 1,2 addition product (126 h), but
in.a yield (35%7) little different from that obtained from the

lithium derivative,

\

. ‘ }
e, N\ vk PN
Compound (124) =————> /2 /R
| NN XN\

(129) (126h)

Grignard reagents may react with a,B-unsaturated ketones to give

both 1,4 and 1,2 addition products: the product isroften controlled

by steric factors. Thus, compound (130) with phenylmagnesium

bromide gives 1007 1,4 addition, while compound (131) gives 100%

1,2 addition}2C,

-
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Ph ‘ Ph

| o ]
Ph-CH=C=-C=Ph + PhMgBr —p 100Z Ph = CH - CHC - Ph
. i o i

0 | Ph O
(130)
Ph
_ {
Ph-C=CH~-C-Ph + PhMgBr —> 100%Z Ph - C =CH - C -~ Ph
i . I I
Ph 0 - ~ Ph oH
(131)

In general, substitution at the carbonyl group increases 1,4
addition, while substitution at the double bond increases 1,2
addition.

In the preparation of the 7-lithio derivative (124), the

blanket gas used was nitrogen (dried by passing through sulphuric

acid). However, even commercially available 'oxygen free' nitrogen

contains 10 ppm of oxygen. Most organometallic compounds react

with oxygen to give either hydroperoxides or alcoh018121.

+ R=0-0=H

\

RLi + 0 =—— R=~0-0-~-1i

2

RL +

H
2R - 0-Li —> 2ROH

| i

It is because of the possibility of these reactions that oxygen
must be excluded when organolithium reagents are desired for other
purposes. So it was decided to use 'oxygen-free' nitrogen or an
argon atmosphere in the lithiation reactions.,

The synthesis of the iriazolopyridin-7-yl methanols (126 a)

and (126 b) was repeated using 'oxygen free' nitrogen. The
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previous yields were each 30Z, while the yields increased to 55
and 537 respectively when the 'oxygen-free' nitrogen was used.
Attempts to bring about reactions of the 7-lithiotriazaolo-
-pyridine (124) with electrophiles other than aldehydes or ketones
mét with mixed success. The reactions are illustrated iﬁ scheme
2.5. No alkylafion was achieved with either methyl iodide or
" benzyl bromide. Surprisingly, no‘reaction was observe& between
acetaldehyde and 7-lithiotriazolopyfidine (124). However, this
reaction wés performed using n-BuLi as the metalating agent and
~not lithium diisopropylamide. Attempts to produce the
7-triazolopyridine carboxylic acid (132) failed. The re;ction
was performed by adding the oréanolithium reagent to solid COZ’

The product expected was the salt of the carboxylic acid (133).

co 2 Y
Compound (124) —————n /7
. NS Pd-pd
C=
l__o..i. (133)
O Li ‘,
It is also possible to bubble carbon dioxide through the solution
of the organolithium reagent. However, the latter procedure
usually gives lower yields, since the salt can react with
additional molecules of the organolithium species to give a ketone

and a tertiary alcohollzo.
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]!
0

R R'

§ H,0 o

R=C-~-R' R=-C - R
| |
oLi “ OH

Addition of bromine to the ethereal solution of
r7—1ithiotfiazolopyridine (124) gave as the only identified
material, after warming to room temperature, 6-bromo=-2-dibromo-

. -methylpyfidiﬁé (134). It appears that‘ring opening is suﬁficiently
rapid, even at low temperatures, to compete with the electrophilic
attack on the Z-position, and this can be confirmed by treatment
of triazolopyridine itself with bromine at =40°C. Thus some
7-bromotriazolopyridine (133) is formed, but it reacts with more
bromine to give 6—bromo—Z—dibromometh&lpyridine (134). Attempts
to prepare 7-Bromoctiazolopyridine (135).by reaction of (12?)

Qich 1,2-dibromoethane failed. Only starting material was

recovered,

Br Br
_/

Compound (124) X

VAY

v

(135)

Reaction of the organolithium compound (124) with

benzonitrile was expeéted.to‘give';he ketimine (136) which would
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be hydrolysed to ketome (137) during work up. However, only
starting materials were recovered.

Reaction with cyanogen bromide also failed to produce the
7-cyano derivative (138); only starting materials were recovered.

With ethyl chloroformate the lithium derivative gave a
colourless powder of molecula# weight 264 with a strong carbonyl
absorption at 1635 cm ! in the infra-red. The structure of the
compound was established as bis-triazolopyridin-7-yl ketone
(139). No ester (140) was isolated. The mechanism is probably

as follows. -

2 . “ Y M compound (124)
» // D e

\N\/ S NN IF¢

(124) L\ | ‘ COZEt N
Cbg-OB | (140)

Z2 AW | 72 AN
G T,
EtO C=O C=0Q = (139
2 pJ——Pd
- AN
/,N'\\LN L N
N ~. .

The’yield of the ketone obtained was 19%. In an attempt to
improve this yield thé reaction was repeated using one half of
aﬁ equi#alent’of‘etﬁyi chloroformate. Howe?er, no significant
increasé:ih yield was observed. Attempts to decarbonylate the
ketone (139) in the hope of obtaxnlng bxs-trlazolopyr1d1n-7-y1
(141) 1led to extensive decomposxtlon. This was not unexpected.
e g N )

(141)
~ N~‘<{
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Although aldehydéé undergo relatively easy decarbonylation under

125

a variety of reaction conditions ", decarbonylation of ketones

has been achieved primarily via.photolytic126 or drastic pyrolytic

126,127 conditions. Newkom.e128 has developed a method for

(>500°C)
decarbonylating ketones under mild conditions. Substituted
di(Zprridyl)ketones (142) undergo decarbonylation upon mild

treatment with base to give the corresponding bipyridyls (143)

NaH =~ ;/’
< L I
N

(142) | (143)

Another surprising result.was obtained from the reaction
of 7-lithiotriazolopyridine (124) with dimethylformamide.x The
éroduct was the triazolopyridin~7-yl methanol (144) (Vﬁak 3420 em
(OH), §5.19 ppm, 2H, CH,) rather than the aldehyde (145). There
are two possibie explanétions for the formation of the methanol
(144) ‘ |

| (1) The Cannizzaro reactionlzg. If any aldehyde (145)
was formed it could possibly undergo the Cannizzaro reaction in
the presence of the baée; Ejbutyliithium. It is thought that
one molecule of aldehyde oxidises another to the acid and is

itself reduced to the primary alcohol (144),

1
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Z Y=\ poBuli (27 Ny B 2\ E
X N‘!<l/ BN N;‘(f NN N‘l(l/
CHO ~ CHOH olely
(145) (144) (146)

The other product of the rgaction would be the carboxylic acid (146).
However, né acid was isolated possibly because of the work up and
purification procedure. The reaction mixture was subjected to
medium pressure chromatography using a 50:50 mixture ofAethyl
acetate / toluene as eluant. This solvent system would not eluﬁe
the carboxylic acid (146) from the silica.

(ii) Another possibility is the common side reaction which

120’130. In the

occurs during Grignard addition, reduction
reduction,rthe carbonyl compound is reduéed to an alcohol by the
Grignard reageﬁt, which itself undorgoes elimination to give an
olgfin. However, this t}pe of side reaction occurs mostiy with
hindered ketones and bulky Grignard reagents. Since we have
neither a hindered aldehyde or bulky Grignard (organolithium)
agent it seems ﬁ?obable that the first explanation is the more
likely. , o |

. The route to the triazolopyfidin-7-y14methanols (126)
could be used‘té prepare unsymmetrically substituted pyridine=-2-
-carboxaldehfdes._ For example, compounds (126¢c and g) were treated
with bromine in dichloromethane aﬁ 0-10°¢ and the dibrpmomethyl-

-pyridines (l47c¢ and g), thus obtained in excellent yields,bwere

treated with aqueous silver nitrate in alcohol to give the
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6-substituted-pyridine~2~carboxaldehydes (148c and &)

2N 0 Br, Z A&N%/Hzi ~ |
/7 ~ " ~
N~ 1 ] H
Ll N W
l HO - HO
CH _
(126) (147) (148)
C; R =H, R® = 4 - MeOC H,
1 _ .2

g; R =R° =Ph

There is no reason why the excellent &ields obtained for the alcohols
(126c and g) cannot be repeated for the other alcohols previously
obtained. This method is an excellent route to unsymmetrical
2,6-disubstituted pyridines. No easy method exists for the
synthesis of such compounds (see review on synthesis of 2,6~
disubstituted pyridines).

The ketone (139) also reacts with bromine to give tﬁe

previously prepared131 symmetrical dibromide (149).

ZN=
NS \,<{ Br, pZ Z ]
f%/N BrzHC \N >N CHBr2
_ L o

(139) (149)

. e g . . 131
This method greatly simplifies the previous lengthy synthesis ~ .

Decarbonylation of the dibromide (149) could giverthe bipyridyl (150).
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PART B

SYNTHESIS AND LITHIATION OF 7—METHYL-[1,2,3]‘

TRIAZOLO(1,5-a]PYRIDINE.
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7-methyltriazolo(l,5-a)pyridine (153) was synthesised by
oxidation of the hydrazone (151) of 6-methyl pyridine-2-carboxaldehyde,

or by treatment of the tosylhydrazone (152) with morpholine.

AN CH=NAR A\

(i) /
> /
N or (ii) XN~
Hs | CHs
(151), R = H (153) (i) Fe(cm 7,08
(152), R = SOZC6H4MefE (ii) or morpholine

Experiments with lithium deuteroxide resulted in no
deuterium exchange. The reaction was followed by n.m.r.
spectroscopy. No change was observed in the spectrum of (153), the
‘singlet at §2.88 p.p.m. due to the methyl group showing no change
after 20, 40 and 80 minutes. On treatment with sodamide followed'
by addition of benzylbromide, no alkylation was observed. Both
these experiments showed that the methyl group in compound (153)
had little if any activity of the type exhibited by 2-methyipyridine120.
However, lithiation (again presumably directed by the peri-nitrogen
atom, N1) with lithium diisopropylamide at -40°C for six hours,
and treatment of the 7-lithiomethyl intermediate (154) with
anisaldehyde gave the secondary alcohol (155) (M+ 269, Voax 3400 c:tn‘-1
(OH), 63.51 ppm, 2H, CHZ) in 57% yield. The alcohol (155) reacted
with bromine to give the dibromomethylpyridine (156) (87Z), and

this in turn, treated with alcoholic silver nitrate, gave the

pyridine~2-carboxaldehyde (157) (68%).



LDA 2¢Meoc H, CHO
Compound (153) — - - Pd-&?
CHCH(OH
. (155) ,
Ar = p-te0C,H, |
B, A ]CHBrz' R R ICHO
x> N EtOH - x> N

HZCH(OH)A’r I HZCH(OH)Ar

(156) ' asn

Anisaldehyde was the only co-reactant tried bgt there is no reason
why the 7—lithioﬁethy1 derivative (154) should not react with

other aldehydes and ketones in a manner similar to 7-lithiotriazolo-
-pyridine (124). .

. The above reaction was carried out using 'oxygen-fiee{
nitrogen. In earlier attempts 'oxygen—-free' cylinder nitrogen
‘was‘used. None of the expeeted alcohol (155) was obtained, instead
triazolopyridin~7-yl methanol (144) (35%) was isolated, together
with very. small ammeunts of 1, Z-bis(triazolopyridin—7-y1)ethane
(158) (63 9 ppm, s, 4H, CH CHZ).. Both these products are .
character1st1c of the reaction of the 7—11th10methy1 der1vat1ve
(154) thh oxygen. The product1on of tr1azolopyr1d1n-7—y1 methanol
(144) is from.a direct reactlon between oxygen and the 7—11th10-

: ~methy1 derxvatlve (154) The formatxon of the ethane brldged

Compound (158) is via a coupllng reactlon usxng oxygen as the
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oxidising agent. It has been reported that lithium dialkyl copper

reagents can be oxidised to symmetrical dimers by 02 at -78%C in

T.H.F.132. Alkyl and aryl lithium compounds can be dimerised by

‘transition metal halideslsB.

’ - 02 - - N = -
< AN T A N 4N
CHZLI leHz | CHZOH
(154) T (40

Z2
(158

Attempts to improve the yields of both compounds (144) and (158)
Vmet with mixed success., There was little improvement in yield
(35Z) of compound (156) when dry air was bubbled into the reaction
'mixture containing the lithium derivative (154). Iodine has

previously been used to couple aryllithium compoundsl34.

76.

However, upon adding half an equivalent of.iodine, only cdmpound~(144)

. \
was produced, The initial product in this reaction was théught to

be 7-iodomethyltriazolopyridine (159) which on work up was

hydrolysed to compound (144)

. . -
N N N
N I, N N
o — // //
CHLi HI
2 (154) - 2 (159) - 2 (144)

None of the couﬁled product (158) was isolated. This proved to be

a very good synthesis of the alcohol (144) (50%); even greater

yields could probably be obtained by using one equivalent of iodine,

A common feature in all the reactions of (154) with anis-
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~aldehyde was the isolation, after work up, of p-methoxybenzyl
alcohol. If this was a result of a Cannizzaro reaction on
p-methoxybenzaldehyde, the other product, p-methoxybenzoic acid

was never isolated.



PART C

COMPETITIVE LITHIATION. INTRODUCTION

OF THE ORTHO DIRECTING TERTIARY AMIDE

MOIETY AT POSITION 3.
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Recent work has suggested that the tertiary carboxamide
group can function as an effective ortho directorlBs_lAl. Beak142
and Meyers and Lutomski143 have communicated observations which
suggest that with organolithium/tetramethylenediamine (TMEDA) bases
the tertiary c;rboxamide is generally more effective as a director
of ortho lithiation than any of the noncarboxamide directing groups

144 has carried out intramolecular

previously studied, Beak
competitions between the tertiary amide group and previoﬁsly known
directing groups by investigation of the position of lithiation of
the substituted N,N-diethylbenzamides (160, a-m) with sec-Buli/ -
TMEDA. The extent and site of metalation was evaluated by treatment
of solutions of lithiated amide with deuteriomethanol, followed by

mass spectrometric and n.m.r. determination of the amount and

location of deuterium in products (161, a-m).

CO N(Ct | CON(E ON(Et),
sec, BuL1 OD
TMEDA

(160) Z
(161)
2 given below
3, 2=C1; b, mwCl; ¢, pCl; d, o=O0CH;; e, m-OCH,; £, P-OCH,;
g m-CHy; h, p-CHy; 1, p=SO,N(Et),; j, p-SO,NHCH,; k, P-CHN(CH,) o5
. | |
c/ \
1, p 2 /CHZ ; m, R—COZH
N-C(CH.) )

© The results show that the tertiary amide group is the most

effective in directing ortho lithiation. It even competes
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successfully with the diethylsulfonamide group which wa; previously
thought to be the best of all ortho directorsso. The only group
which was found to be competitive with the tertiary amide in
directing ortho lithiation, under the conditions specified, was‘

. the secondary amide.

Triazoiopyridine provides the possibility of utilising the
extraordinary directing ability of the tertiary amide group to
synthesise 2,3-disubstituted pyridines. If the tertiary amide
group could be'introducgd into position 3 of triazolopyridine and
there the molecule then lithiated, there ;rises two directing groups in the
molecule. fhe peri nitrogen atom N1 directs lithiation to
position 7, whilst the tertiary amide gfoup mfght posSibly direct

lithiation to position 4.

4 T
[.l"“b'a \‘
135-144 the tertiary amide would

On the strength of pfevious work
be expected to compete successfully wiﬁh the peri-nitrogen atom N1,
In this case a 4-substituted triazolopyridine would be the product
after lithiation and reaction with a co-reactant, Scheme 2,6

shows the possible réute to 2,3-disubscituted pyridines.

Lithiation of the amide (162) fo}lowed by reacﬁion with an
electrophile would give the 3,4—disubs£ituted triazolopyridine
(163). Hydrolysis of the amide function would give the acid (164)
which could be decarboxylated to give the 4-substituted triazolo~

-pyridine (165). Bromination would give the 2,3 disubstituted
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pyridine (166) and reaction with aqueous silver nitrate in ethanol
would convert the dibromomethyl function to the aldehyde function

as in compound (167).

The first task was the synthesis of the amide (162). The

routes tried were as follows:

(i) via 3-formyltriazolopyridine (53)

CHO ' COZH
T O O —
AN~ @ AN an AN i

) (53) (168)
(EXIN (i) POCL,/ONF
CocCl o
(ii) KMnO
/ - N 4
PEN— e
~ N\[(f (71.11) socly
(169) | (162, R = Er) (iV) HNEt,

It was thought that the formyl compound (53) could be oxiéised to
the acid (168) using‘potassium permanganatelas. Reaction of the
acid;with thionyl chlotide.followed by diethylamine wopld give
‘the amide (162). . However as has previously been mentioned,
VilsmeierHaack formylation of triazolopyridine (1) failed to
give any of the 3~formy1 compound (53). This method was thus

abandoned.

(ii) From suitably substituted pyridylglyoxylic acid

derivatives.
If a suitably substituted pyridylglyox&lic acid derivative

Could be prepared which already contained a synthon for the



tertiary amide, the normal triazolopyridine synthesis, could be
followed, i.e. hydrazone formation and then cyclisation, to yield
the required 3-substituted triazolopyridine. It was decided to
attempt the synthesis of é—cyanotrfazolopyridine (173) starting
from pyridine-2-aldehyde. 3-Cyanotriazolopyridine has been

20

synthesised before® wusing the rather inaccessible 2-cyanomethyl-

-pyridine146. The route attempted is shown in scheme 2.7.

N
CN O

CN
’ y N o N
- | A S /7
N~C=NNHTos | N~n
CN | |
) o (173) \
' Tos = Tosyl '

Scheme 2.7

The cyanhydrin (170) was prepared from pyridine-Z-carboxaldehyde147.

Pyridoin was a by-product. Oxidation with dimethylsulphoxide/-

148 gave the cyanoketone (171).

trifluoroacetic anhydride
However attempts to prepare the tosylhydrazonme (172), using a
v;riety of conditions, failed.  The reason for this lack of
reaction was not immediately obvious. = The cyano group was coverted
to a methyl ester group (174) by bubbling hydrogen chloride into a
methanolic solution of the cyanoketone149:< However attempts to

form the tosylhydrazome (175] under a variety

-
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of conditions failed, this method was thus abandoned. See scheme

2.8.

7~ I HC1/MeOH

SN C~CN

(171)

e l V; '

S~ ~C=NNHTos
C OZCH3

Tos = Tosyl. (175) Scheme 2.8

(iii) Direct diazo group transfer.
| 18,19

As ﬁfeviouély.mentioned, Regitz has shéwn that diazo
groups can be introduced to suitably aétive methyléne compounds
using a base and tosylazide. By using a suitably substituled
methylene compound, the synthon for the amide group could be
introduced directly into position 3. Ethyl 2-pyridyl acetate-

+ (176) was synchésisedlso and treated with tosylazide and sodium
ethoxide in ethanol. This gave a compound of mass 191 m/e with a
strong carbonyl absorption at 1650 cmflr(characteristic of an
ester carbonyls. In the n.m.r. spectrum, the typical pattern
expected for a triazolopyridine was observed. AllltheseASpectral

features lead to the conclusion that the compound was 3-ethoxy— -

carbonyltriazolopyridine (177).

83.



. , COZEt
~ I _ 1. NaOEt — —~\N
() zi > | /7
\N HZCOZEt 2. Tosylazide ‘\ ; N\N
(176) (177)

Attempts to synthesise the methyl ester .led to some

interesting results. Methyl 2-pyridyl acetate (178) was

synthesisedlso and treated with tosylazide and sodium ethoxide in

ethanol. Instead of the methyl ester (179), the ethyl ester (177)

was produced presumébly by a process of transesterificationlSI.

OCH
= Nz. 3
‘/
2 | N~ a9
- |
N“CHLOLH, OEt
' . - = p& \
(178) N ‘|<l/ (177)

When potassium methoxide in methanol or sodium methoxide in
methanol were used as the base, the salt (180) was isolated. The
structure was §onfirmed by synthesis. The acetate (178):was
treated with methyl toluene~4-sulphonate in benzene solution and

boiled under reflux to give the same salt (180);

P

| | ;
D
N CHCOCH, H,F—@S O,

The formation of this salt can be explained as shown in scheme

2.9.
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A

s 0,
N-N=N N=N=N
G H, H,
- *+ -
_— +. N=N=N

0=520 o _» OCH, OCH,
QLN =N
(181)

[:,ﬁ\tD | — (180)
N CHCOCH

SOLH,
(178)

Scheme 2.9 %
Methoxide ion acting as a nucleophile, displaces the azide ion
from tosylazide giving methyl toluene-4=sulphonate (181). - This is
a methylating agent which readily methylates the acetate (178) to
give the salt (180). The fact that ethoxide ion does not displace
the azide ion could be due to steric factors. Another product
isolated in varying amounts in these reactions was ethyl toluene=-

~4=-sulphonate (182). The formation of this compound can be

postulated as shown,
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C)gCH3 -0=50
Base
—_—
(,18 1) H3 ' H3 (183)

Q‘CHz-/.\’ CHy =t
0=S:-0 0=5-0
Qo —
CH3 CH.3
SOaEt | SO3
H3 H3
(182) ’ '

Reaction of methyl toluene-4=-sulphonate with base (methoxide ion)

gives the aniom (183).. This attacks unchanged methyl toluene-4-

-sulphonate to give ethyl toluene-4-sulphonate (182). The same

compound, along with some of the salt (180), was obtained when

}

lithium diisopropylamide was used as the base. The source of the

methoxide could be methyl-2-pyridyl acetate (178).

(178) -

OCH,
_
@C 2 e 8-
HEC CH, CHC+
CH,
2N | [N; 3
0=5°0 : B
4w '
X\~ CHCON
CH 2 3

w
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_Attempts to use diazo group transfer as a possible synthetic
route to the parent triazolopyridine (1) failed. Reaction of
Z-methylpyridine (184) with either phenyllithium or lithium
diisopropylamide, followed by tosylazide failed to give any

triazolopyridine (1).-

PARReH

~
]
N

The immediate reason for this behaviour is not obvious. The key
step in the reaction mechanism (see scheme 1.5) may be the transfer

of the hydrogen atom to the leaving group i.e.-

7 RCR
~ — >
Y N=N-WR

The électron withdrawing power of the ketone present way be
necessary to enhance the acidity ofAthe h&drogen atom. This
eghancement is not present in thé 2-me£hy1pyridine case. Instead
of driving the reaction to’completion,yghé equilibrium is shifted

back to the starting material i.e.

~

. y
* NEN-NR < |
\T“ (:fi£p¢:ﬁ$‘QfF2

 The ethyl ester (177) was easily hydrolysed to the carboxylic

acid (168). The n.m.r. spectrum showed a broad singlet at

38.4 ppm which was exchangeable with DZO’ the infra red spectrum



also had a strong carbonyl absorptlon at 1680 cm 1. Attempts to
form the amide (162) by heatlng the ester (177) with diethylamine
in a sealed'tube at 160°C for 7 hours failed. A small amount of
starting material was récoveréd along with some black tar.
Howeverifreatmeﬁt of the acid with thisnyl chloride in benzene

gave tﬁe s¢id chlofide (lsé)i(vmax i%és cﬁ-l (6=6))’ih 83% iield;
Treatment of a benzene solution of the‘acid chloride (169) with
diethylamine gave sﬁe sequired teftiaé& amide ih qﬁaﬁ;itatise yieid.
The carbdxylic»acid (168) was easily decarboxylated to give

triazolopyridine as shown in scheme 2,10.

COEt CO H

“ -~ N . NaOH ~ co, ~ Y~ N
Cam (168) ‘f‘ih N (1)

$0C1

7\ —&—
: ] \
, ZQZ o

//  (162)
~N

Scheme 2,10

The results of the lithiation of the tertiary am1de (162)

- are summarxsed in table 2. 5. Anxsaldehyde was used as co-reactant

fy

:,1n all cases,



CON(EY),

i 2 N 1. Base
/7 : >
> -pjl e 2. Anisaldehyde
(162)
Reaction
Base ' time Products
1 equiv, LDA 6 hrs anisaldehyde, Ejﬁethoxy
S ' . benzylalcohol, starting
amide
2 equiv. LDA 6 hrs p-methoxybenzylalcohol
starting amide, lithiated
- product
2 equiv, BuLi 6 hrs anisaldehyde, p-me thoxy
' benzylalcohol, starting
amide, lithiated product
Table 2.5

\
Covt s e s |
In all cases lithiation occurred at position 7 thus forming the

compound (185).

CON(EY),
i N

\ N\,({

H-—OH

(185)

OCHs
Initial experiments, involving quenching with DZO’ showed that on

f

using 2 equivalents of base the dianion (186) was formed.
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= CON(E),
/ / N - )
VZ4
X-N~N (186)

The rate of formation of the anion at position 7 was much greater
than the rate of formation of the anion at position 4. It was
thought that the more slowly formed anion (at position 4) would
have the gfeater reactivity and thus react witﬁ anisaldehyde but
the results show that reaction only occurred at position 7.  Such
a rationale has as an analogy the ambident nucleophilic behaviour
of ethyl acetoacetate (187). When treated with 2 moles of base

it forms a dicarbanion (188) which cén be ‘alkylated as shown.

CH, - C - CH,COEt 2258, (H,L -C - CH - CO,Et .B3se
37T SRS0EE 37 2
O (187 - 0
) \
|
_ _ 1. RX
Ci, - C = TH = CO,Ec ——+ CH, - C - CH,CO,Et
I 2. 8% I
0 R .0
(188)

As can be seen the most acidic hydrogen is removed first, however
reaction with RX occurs with the more slowly formed anion. Attack
~is always by the more basic carbonlsz. However the reason why no
lithiation is observed at position 4 is probably due to a certain
amount of steric hindrance and the concept of dipole stabilised
cérbanionSISB. A general representation of a dipole stabilised

carbanion is provided by (189) in scheme 2.1l where Y represents

nitrogen, oxygen or sulphur and Z is a group capable of inducing
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a formal positive charge on Y

H- M
| 5 | -+ - -
mC=¥=2 |- C-Y-2 > =C-Y=Zer-C=Y=2Z
! .
Scheme 2.11. . . (189) (190) . . +BH

If (190) is a significant{contributor to the hybrid, dipole
stabilisation is an important factor in the stability of (189)
and, presuﬁably, in the transition state leading to (189).
Specific éxampiés of such reactions for nitroéen,‘oxygen and
sulphur are prov1ded by the metalatlons of N N-dxmethyl—z 4,6~
-tr11sopropylbenzam1de (191), methyl 2,4,6- tr1lsopropy1benzoate
(192), and meéhyl 2,4,6-triisopropylthiobénzogte‘(193), to give

the intermédiate (194) (Y = NCH3, 0, S) which can be subsequently

trapped by'elecErophilic reagentslSA’lss.
ﬁ - ' O-eco.Li
Ar - C\Y/CH3 — Ar\(lz\ (!H -
N2 _—
(191), ¥ = NCH, T aesy )
(192), Y=0 = - 0 g
(193), Y =5 o Ar - g\Y/lCHZ

The metalation of (193) is particularly pertlnent, since it has
been shown that (194) (Y = S) can be formed by proton transfer
from (193) to 11th10methy1 methylsulph1d3156, a result which

. indicates that the carbonyl group does provide thermodynamic
stabilisation for the formal meth&l carbanion adjacent to the
heteroatom.

With reference to polyazaindenes, base-catalysed hydrogen-

deuterium exchange of the protons a to nitrogen in imidazo(l,2-a]-
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-pyridine (195) has been observed to occur preferentially at the
3—position157., Paudler and Shin158 have shown that compound (195)
can be metalated at the same position and that substitution occurs
as expected on reaction with cyclohexanone in yields of 15-30%7.

Dipolar stabilisation is illustrated as a factor comtributing to

the stability of the intermediate (196).

NN ~N
(195) (196) * oL
Z Nz
S N '
- - JOH

Returning to the amide (162) the preferential substitution at
i
position 7 can be viewed as promoted by dipolar stabilisation of

intermediate (197).

N(Et),

| T N
Y

ZN~
Lit

(162) (197)
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An example of a dipole stabilised carbanion for an amide group is
provided by the lithiation of the 3-amidodihydropyridine (198)159.
This can be lithiated at the 2-position and methylated to give

compound (199).

A 4

t
CH3 (199)

The synthesis of S-methoxytriazolo[1,5—a]pyridi;e (203)
was achieved by treatment of 4-methoxypyridine-2-carboxaldehyde '
(201) with p-toluenesulphonylhydrazide. The resulting bydrazome
(202) was cyclised by morpholine to give the compound (%03). The

carboxaldehyde was synthesised by a known procedure164 starting from

4-methoxy-2-methylpyridine-l-oxide (200).
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(202) (203)

Again there are two directing groupé in comﬁoundA(203).:

(:fi;i: 7 N
)
AN
~_

The methoxy group is capable of directing lithiation to either
positiéns 4 or 6, while‘the peri-niérogen atom N1 can%direct
lithiation to position 7. Co-workefs at this University have -
Iithiéted cbmpound'(203)'u§ing'two moles of lithium diisoﬁfopy1f 
~amide. Agéin litbiéti;n occurred at posiﬁion 7, since reaqtion
of the lithium derivative (204) with anisaldehyde gave the
triazolopyfidin—7-yl methanol (205). Other products were present

in small amounts, but their structure has yet to be elucidated.
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p LDA P anisaldehyde
7 —_— >
(203) LI 204)
3

Me

The reaction of compound (203).with bromine has also been
investigated by co-workers at this University. Bromination of
S-methoxytriazolo(1l,5-alpyridine (203) with bromine at 0-5°C gave
a mixture of 2-dibromomethy1—4-methoxyfyridine (206) and 3~-bromo-
-5-methoxytriazolo[I,S-a]pyridine (207) in a ratio  of

approximately 1:4,

Br ) OCHs
CHOy =\ Br2 CHOyz = N 7
PPN RN - (O]
(203) (207) - (206)

The formation of the bromo compound (207) can be explained as
follows: The cyclic form (208) in the electrophilic substitution
mechanism is stabilised by the methoxyl group to give resomance

structures such as (209).
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Experimental

Preliminary experiments on lithiation of ([1,2,3]triazolo[l,5-alpyridine
‘During the course of this research all the materials were purified

as follows:- |

Tetraméthylethylenediamine and diisopropylamine were distilled from

potassium hydroxide. Tetrahydrofuran was purified by refluxing with

and then distilling from sodium-benzophenone ketyl. Diethyl ether was

dried by digtillation from’sodium wire. All coreactants were distilled

prior to use. ‘The n~butyllithium was obtained as a 1.6M solution in

hexane from Aldrich Chemical Co. Limited. The molarity of the n-butyl-

lithium was constantly checked ﬁsing two meﬁhods:

@) N.M.R. determination16°

-

(ii) Using 2,5-dimethoxybenzyl alcohol, a self indicating standard.161

The latter method was found to be the most reliable. All experiments
were carried out under "oxygen free" nit;roggnu2 or argon. Experiments
to determine the most #uitable lithiating agent were carried out as -
follows:~ - ; )
A soluﬁion of triazolopyridine (usually lg, 0.0084 mof) in the solvent
of choice (eithér T.H.F. or diethyl ether) was cooled to various
temperatures (bf using a refrigeration apparatus or immersing the flask
in a mixtu;e of dichloromethane and liquid nitrogen). This was added
to an equimolar quantity of the lithiating agent of choicé at the same
femperature. The reacﬁion was monitored by withdr;;ing approximately
100 mgrand quenchiﬁg this immediatelj Qith DZO' - The solution was
immediately extracted with dry dichloromethane, the e#tract dried over
magnesium sulphate, filtered and finally evaporated. The residue was

dissolved in deuteriochloroform and the n.m.r. spectrum obtained.

Percentage lithiation could be calculated from integral values.
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Experimental. Part A

General procedure for lithiation of triazolo[l,5-alpyridine

Reaction with aldehydes and ketones

A solution of n~butyllithium (amount (ml), molarity) in hexane,
was added to an equimolar amount of diisopropylamine at -40°C. an
equimolar solution of triazola([l,5-a]pyridine in etherrwas added with
stirring, which was continued at -40°C for six hours, during which a
deep red colour developed. Addition of an equimolar amount of the
carbonyl coreactant caused a colour change to yellow; the mixture was
allowed to come go room temperature and stirred overnight, then hydro-
lysed by a sélution of ammonium chloride in ammonia (specific gravity
0.80). See table 2.6 for details of amounts used. The purification

procedures for each compound will then be discussed.

1-(Triazolopyridin=7-yl)octan~l-ol (126a)

After hydrolysis the aqueous layer was extracted with dichloro-
methane (4 x 200 ml)., The organic extract was dri?d over magnesium
sulphate, filtered and evaporated to yield 3.8g of ; brown oil. Thé
0il was absorbed onto alumina (16g, IV) and chromatographed on a colum
of alumina (120g, IV).V Elution with petroleum ether (b.p. 60—80°C)
gave octaldehyder(0.4g) and with benzene-petroleum ether (L:1) gave
tria;olopyridine (0.3g). Elution with dichloromethane-benzene (1:4)
gave the octanol (126a) as an unstable light browm oil (3OZ)f When
thié reaction was carried out using an argon 'blanket', the octanol
wag obtained in 557 yield (2.3g).

B.pt. Unstable to distillation

Analysis: Accurate mass determination. .
C,4Hy N40 Tequires M = 247, 16845

found M = 247, 1687



N.M.R. (CDC13)

§8.00 ppm, - 1H, H3
7.60, dd, 1H, H4'.J4’5 = 9 Hz
. ) : J4,6 = ] Hz
7.20 dd, 18, ) B5 ‘J5,4 = 9 Hz
J5,6 = 7 Hz
© 6.95 dd, 14, H6 J = 7 Hz
. 6,5
5.35 tr, 1H, CH
- 4.00 br.s, 14, OH, Ex D,0

- 0.75-2.3, m, 15, octyl protons

I.R. (CHCL,)

U.V. (957 EtOH)

Mass spectrum,

v, 3390 (br, OH), 2930, 2850,
1790, 1640, 1310, 925 cm

Aﬁax 282 mm (sh) |

m/e, 247(54) M', 219(6), 149(100), 148(33),

144(15), 134(34), 130(23), 123(12), 121(60),

120(43), .119(7), 118(17), 106(30), 93(50),

92(67), 91(32), 78(41), 77(18), 70(81),

69(22), 66Q12), 65(51)} 57(31).

a-(Triazolopyridin-7-yl)benzyl Alcohol (126b)

100.

- After hydrolysis the aqueous layer was extracted with dichloro-

methane (4 x 200 ml).

sulphate, filtered and evaporated to yield 3.8g of a light brown oil.

The organic extract was dried over magnesium

Using medium pressure chromatography with ethylacetate-petroleum ether

(b.pt. 60-80°C) (3:1) as eluant, the following were eluted;

Fractions (40 ml) 5-6, benzoin(benzoylphenylcarﬁinol)(O.Zg),'

Fractions 6-9,

Fractions 10-11,

benzaldehyde (0.2g)
the benzyl alcohol (126b) (l.1g) 30

triazolopyridine (0.2g)
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When this reaction was repeated using an argon blanket or 'oxygen-free'
nitrogen, the benzylalcohol was obtained in 53%7 yield tZ.Og).
The alcohol (126b) was a pale yellow oil, but trituration with
petroleum ether (b.pt. 40460°C) gave a yellow powder.

M.pt. 123.5-124.5°C (cyclohexane)

Analysis: - Found: C, 69.59%7; H, 4.99%; N, 18.98%

C, JH;,N;0 requires: C, 69.32%; H, 4.92%; N, 18.66%
IH N.M.R. (CDC13) §8.07 ppm, s, 1H, H3
7.69 dd, 1H, H4, J, . = 8.8 Hz,
4,5  °
J4,6 = 1,1 Hz.
7.36-7.62, m, SH, benzene protons
7.30, dd, 1H, HS5, J_ , = 6.8 Hz,
v 5,6
I 4 = 8.8 Hz,
6072 dd, IH’ H6, J = 608 HZ,
6,5
J6,4 = 1 Hz,
6.50 d, 18, CH, Jg oy = 4.5 Hz
4.70 d, 18, \OH, Ju o = 4.5 Hz

13C N.M.R. (CDC13) Multiplicities in off-resonance shown in parenthesis.

§133.69 ppm (s), 125.57(d), 125.23(d), 116.47(d), 112.75(d)} =-triazolo-
pyridine carbon atoms, 139.92 (s, benzene quaternary), 138.36 (s, quater-
nary carbon), 128;22(d), 128.12(d), 126.88(d)-benzene carbon atoms,
71.01(d, CHCOH7).
I.R. (CHC13) Vpax .3650. 3590, 3440 (br, OH), 1635
(benzene ring) cm.-1
U.v. (952 EtOH) A . 281 nm (sh).
Mass spectrum, m/e, 225(100) M+, 197(34), 196(94), 180(52),
179(13), 178(11), 169(42), 168(100),
167(63), 141(36), 128(13), 117(17), 115(23),
107(100y, 105(81), 92(52), 91(44), 79(100),

77(100), 65(38), 64(34), 57(33), 51(42).
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a=(Triazolopyridin=7-yl)~4-methoxybenzyl alcohol (126¢)

Immediately after hydrolysis, a yellow solid was deposited.
This was filtered and dried in a vacuum dessicator and shown to be
almost pure alcohol (126¢) (2.65g, 69%).

M.pt. 171-172°C (benzene)

Analysis: Found, C, 65.77%; H, 5.04%; N, 16.75%

Ci4H13N302 requires: C, 65.76; H, 5.13%; N, 16.46%

lg N.M.R. (cocl,) 68.12 ppm, s, 18, H3

7.70 dd, 1H, H4, J, _ = 8.8 Hz,

4,5
J4,6 = 1.1 Hz
' 7.24 dd, 1H, H5, J. , = 6.9 Hz

. 5’6
J5’4 = 8.8 Hz
6.73 dd, 1H, H6, J, . = 7.0 Hz

6,5

J6,4 = 1,1 Hz
7.48, 6.93, 2 doublets, AA'BB' system of

benzene ring

6.30 d, 1H, CH, JCH—OH = 4.4 Hz
449 d, 1H, OH, Jyu = 4.6 Hz
* 3082 8, 3H, 0CH3

13C n.m.r. (CDC13) - multiplicities in off-resonance shown in parenthesis

§133.74 ppm (s), 125.6(d), 125.23(d), 116.475(d), 113.71(d) ~ triazolo-
pyridine carbon atoms, 159.23 (s, quaternary C-OMe), 139.963(s), 130.90(s),
128.20(d), 112.732(d) - (benzene carbon atoms), 71.05 (d, CH(OH)),

55.15 (q, OCH,) . |

I.R. (CHC13) Vhax 3580, 3445 (br, OH), 2925, 2840 (OCH3)’
2450, 1610 (benzene ring), 1585, 1300, 1110,

1070, 830 (para-disubstituted benzene) cm.{

U.V. (95% EtOH) Amax 278 nm (sh)
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Mass spectrum, m/e, 255(100) M*, 227(14), 226(18), 212(21),
199(20), 198(89), 184(21), 183(23), 166(20),
134(27), 120(25), 118(18), 94(16), 91(20), °
78(59), 77(39), 65(14).

a-(Triazolopyridin=7-yl)=4-nitrobenzyl alcohol (126d)

After hydrolysis the équeous layer was extracted with dichloro-
methane (4 x 200 ml). The organic extract was dried over magnesium
sulphate, filteredkand evaporated to yield 2.6g of a brown oil.
Trituration of this oil with chloroform gave 0.9g (20%) of the alcohol
(126d) as a yellow powder. Examination of the residue by N.M.R.
épéctroscop§ revealed the presence of only starting materials.

M.pt. 180-182°C (benzene)

Analysis: Found: C, 57.92%; H, 3.52; N, 20.75;

C, 3l N405 Tequires: C, 57.77%; H, 3.73%; N, 20.75%

Ly N.MLR. (CDCl,)  §8.26 ppm, s, 1H, H3

3

8.2 dd, 1H, H4, J4’5 = 9 Hz
7.90 dd, 1H, H6, J = 8 Hz
6,5 .
J6,4 = 2 Hz
7.48 dd, 1H, HS

7.79-7.49, 2 doublets, AA'BB' system of
' benzene ring

6.90 s, 1§, O, Ex. DO
6.61 s, 1H, CH :

13C‘n.m.r. (D6-DMSO) ~ multiplicities in off-resonance shown in parenthesis.
8§133.54(s), 125.71(4), 123.237(d), 116.96(d), 112.00(d) =-triazolopyridine

carbon'atgms, 148.18 (s, quaternary, gfnoz). 139.77(s), 68.47 (d, CH(OH)).



I.R. (CHC1 v

3)

U.V. (952 EtOH) A
max

Mass spectrum, m/e,

1=-(4-pyridyl)=-1l=-(triazo

104.

-1
nax 3300 (br, OH), 1520 (NO2 stretch), 1350 cm

275 nm (log,ye 4.08) |
270(100) M*, 241(27), 240(21), 239(17),

224(47), 212(94), 196(38), 195(100), 193(21),
179(34), 168(857, 167(100), 166(100), 153(21),
©152(40), 149(19), 141(38), 140(47), 139(64),
- 120(38), 115(66), 106(42), 105(55), 94(42),
92(100), 91(64), 89(32), 79(21), 77(100),

- 76(64), - 75(42), 66(38), 65(100), 63(100),

57(21). -

lopyridin=7=-yl)ethanol (126e)

After hydrolysis
methane (4 x 200 ml).

sulphate,

the aqueous layer was extracted with dichloro-

.The organic extract was dried over magnesium

filtered and evaporated.to yield 3.8g of a brown oil.:

Using medium pressure chromatography with ethyl acetate as eluant, the

following were eluted;
Fractions (40 ml
Fractions 17-36,

Fractions 55-72,

\
!

) 10-16, triazolopyridine (0.6g)
4=-acetylpyridine (0.6g)

alcohol (126e) (1.6g)

The alcohol was aobtained as a tan solid (40%).

M.pt‘

Analysis:

Found:

125-126°C (cyclohexane) -

C, 65.45%; H, 5.22%; N, 23.22%

C13H12Na0 requires: C, 64.98%7; H, 5.03%; N, .23.32%.

lg N.M.R. (CDCL

3

§8.08 ppm, s, 1H, H3
7.80 dd, 1H, H4,: 34;5 = 8,8 Hz
J4,6 = 1,3 Hz
7.39 dd, 1H, HS, J = 8,7 Hz

5,4
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7.30 ppm, m, 4H, pyridine ring protons

7.16 dd, 1H, Hé, J6 s = 6.96 Hz
J6,4 = 1,4 Hz

6.30 br.s, 1H, OH, Ex. DZO

2.03 s, 3H, CH3

130 n.m.r, (CDC13) - multiplicities in off resonance shown in parenthesis.

§134.13(s), 125.64(d), 125.30(d), 117.49(d), 112.80(d) - triazolopyridine
carbon atoms, 153.51(s), 149.47(d, pyri&ine o carbon atoms), 140.13(s),
119.611 (d.-pyridine 8 carbon atoms), 74.91 (s, C(OH)M ), 28.21 (q, Cﬁ3).
I.R. (CHClj) v_ _ 3430 (br, OH), 2900, 1600, 1415, 1370,
1325, 1260, 1225, 1215, 1135, 115,
1070, 1040, 1000, 965, 825 cm :
U.V. (95% EtOH) A___ 274 am (sh)
Mass spectrum, m/e, 240(29) M*, 201(25), 200(100), 197(24),
174(100), 173(18), 172(67), 169(25), 157(69),
131(29), 129(67), 128(51), 127(24), 115(24),

92(12), 78(13), {77(29), 63(24), 56(16)

1-(Triazolopyrdiin-7-yl)cyclohexanol (126f)

After hydrolysis the aqueous layer was extracted with dichloro-
methane (4 x 200 ml). The organic extract was dried over magnesium
sulphate, filtered and evaporated to yield 2.6g of a light brown oil.
This oil was evaporated onto alumina (l2g, IV), and chromatographed on
a column of alumina (85g, IV). Elution with benzene-petroieum ether
(b.pt. 60-80°C)(1f3) gave cyclohexanone (0.3g). Elution with benzene-
~petroleum ether (1:1) gave triazolopyridine (0.5g) and the required

alcohol (126f)'(0.9g,'251) as.a pale yellow powder.
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M.pt. 100%¢C . (petroleum ether (b.pt. 60-80°C))

Analysis: Found: C, 66.477%Z; H, 7.05Z; N, 19.63Z%.

CIZHSNSO requires: C, 66.347; H, 6.967; N, 19.347,
'E N.MR. (CDCL,)  68.09 ppm, s, 1H, H3
7.68  dd, 1H, H4, J, . = 8.8 Hz
. 4,5

| J4,6 = 1.3 Hz
7.29 . dd, 14, ES, J, = 7.0 Hz
Ig , = 8.7 Hz
6.96 4d, 1H, H6, J, o= 7.0Hz
J6,4 = 1,3 Hz

5.33 br.s, 1H, OH, D20 EX.

1.63-2.47, m, 10H, cyclohexane protons
13C N.M.R. (CDCl3) - multiplicities in off resonance sh;wn in parenthesis.
§134.44 ppm (8), 125.73(d), 125.09(d), 116,.20(d), 110.ld(d) -triazolo-
pyridine carbon atoms, 144.06(s), 34.64(tr), 25.74(tr), 21.27(tr),.

72.47 (q, C(OH)).

I.R. (CHCl,)  v__ 3470 (br, OH), 2940, 2860, 2460, 1925,
1635, 1390, 1350, 1320, 1135, 1090, 975 cm |
U.V. (95T EtOH) A 285 mm (log)se 3.62)

Mass spectrum, m/e, 219(81), 190(38), 175(19), 173(24), 162(24),
161(17), 148(10), 146(52), 145(15), 144(76),
143(74), 142(93), 133(33), 132(31), 119(22),
118(26), 91(52), 81(34), 79(21), 78(22),
65(26), 63(34), 55(22).
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Diphenyl(triazolopyridin=7-yl)methanol (126g)

Immediately after hydrolysis the alcohol (126g) was deposited
as a yellow solid (2.65g, 52%).
' M.pt. 186.5-187.5°C (cyclohexane)
Analysis: Found: C, 75.642; H, 4.83%Z; N, 13.93Z.

019H15N30 requires: C, 75.73%; H, 5.02%Z; N, 13.95Z%.

' N.MR. (CDCL)  68.07 ppm, s, 1H, H3
7.73 dd, 1H, H4, J = 8.6 Hz, .
4,5
J4,6 = 1.0 Hz
7.30 m, 10H, benzene ring protons
6.77 br.s, 1H, OH, D,0 Ex.
6.32 dd, 1H, H6, J = 6.95 Hz
6,5
J6,4 = 1.2 Hz

L3¢ N..R. (CDC13) - multiplicities in off resonance shown in parenthesis.
8134 .44 ppm (s), 125.28(d), 125.01(d), 116.98(d), 116.19(d) = triazolo-
vpyridine carbon atoms, 141.4;(3), 142.59(s), 127.94(d), 127.75(4), 127.12
(d) - benzene carbon atoms, 81.19 (s, EﬁOH)kPh)z).

I.R. (CHCl Voax 3430 (br, OH) 1635, 1600, 1445, 1375, 1315,

1110, 1020, 970, 910, 875 em I

3)

U.V. (95% EtOH) A___ 283 nm (sh)
Mass spectrum, m/e, 218(100), 191(44), 171(17), 161(24), 157(24),
155(19), 148(22), 147(85), 144(68), 135(44),
134(93), 133(29), 130(51), 129(95), 122(41),
120(93), 119(97), 118(24), 117(27), 108(56),
106(37); 105(97), 94(24), 91(90), 84(32),
76(34), 71(19), 69(37), 65(88), 57(49),

55(63), 44(983).



2-(Triazolopyridin=7-yl)but=3-en-2-0l (126h)

108.

After hydrolysis the aqueous layer was extracted with dichloro-

methane (4 x 200 ml). The organic extract was dried over magnesium

sulphate, filtered and evaporated to yield 2.6g of a light brown oil.

Using medium'pressure chromatography, with ethyl acetate-petroleum

ether (b.pt. 60-80°C) (3:1) as eluant, the following were eluted:

Fractions (40 ml) 11-12, alcohol (126h) (1l.2g, 38%2)

Fractions 15-24, . triazolopyridine (0.4g)

Further purification of the alcohol was achieved by P.L.C. (multiple

elution) using ethylacetate~toluene (1:9) as solvent.

B.pt. - unstable to distillation

Analysis: Found: C, 63.252;. H, 5.98%; N, 21.31%.

CloﬂllNBO requires: C, 63.47%;

1y n.M.R. 88.11 ppm, s, 1H,
7.73 ad, 1H,

7.31 ad) 1m,

7.07 dd, 1H,

6.16-6.44, q, LH,

5c2 -So46’ tr, ZH'

JaB

Inc

Iac
- | ‘ 5.9 br.s, IH,’
1.9 s, 3,

H, 5.86Z; N, 22.21%.

‘H3

B4, JA,S = 8.7 Hz
'J4,6 = 1.3 Hz

HS, J5,6 = 6.9 Hz
J5’4 = 8.0 Hz

H6, J6,S = 6.9 Hz
J6,4 = 1.2 Hz

alkene proton

alkene protons

= 0,85 Hz
= 10.62 Hz
= 16,70 Hz
OH? Ex,DZO‘

CHq
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13C N.M.R. (CDC13) - multiplicities in off-resonance shown in parenthesis.

§134.27 ppm (s), 125.54(d), 125.21(d), 116.50(d), 111.83(d) - triazolo-
pyridine carbqn atoms, 141.34(d), 114.58(tr), 73.99(s, C(OH)), 25.75
| (9, CH3) .

I.R. (CHCl,)

3 Vnax 3420 (br, OH), 1660, 1320, 1220, 1040,

980, 930 em b
U.V. (952 EEOW) A, 283 om (logoe 3. 77

M*, 188(100), 172(100), 162(83),

Mass spectrum, m/e, 189(48) M
161(100), 160(100), 147(39), 146(100), 143(50),
L6203, 13662, 137(39), 132(67), 130(33),
128(35), 121(100), 119(100), 118(100), 117(100),
(115(56), 106(92), 104(S6), 95(23),  92(100),
89(64), 88(100), 84(100), 79(81), 78(83),

69(42), 65(100), 63(100), 55(100).

Attempts to produce the 1,4 addition product (128) with methyl vinyl

ketone. Conversion of lithio species to the copper reagent (127)

(1)  Using cuprous halldes

A solution of nrbutylllthlum (13. 0 ml of 1. 3M, 0.0168 mol) in
hexane, was added to diisopropylamine (2.35 ml, 0.0168 mol) at -40°C.
A solution of triazoloﬁyridine (1) in ether (80 ml) was added with
stirring, which was con;inued at f40°c for“6 hours, during which time
a deep red colour developed. To this solution v;s added freshly
prepared cuprous iodidelqo (1.6g, Q. 0084 mol). There w#s no immediate
¢colour change, stlrrlng was contxnued at -40°C for a further one hour.
Methyl vinyl ketone (1.36 ml, 0.0168 mol) was added, the solution turned

.¥ellow in colour immediately. The mixture was allowed to come to room

temperature and stirred ovefnight, then hydrolysed by a solution of
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aumonium chloride in.aumouia (specific gravity 0.880). After hydrolysis
the aqueous layer was extracted with dichloromethane (4 x 200 ml). The
organic extract was dried over‘maguesium sulphate, filtered and evaporated
to yield 2.0g of a'light brown oil. .Further extraction of the adueous
layerruith a contiuuous extraction apparatus gave no further material.

The brown 011 was evaporated onto alumlna (103, 1V), and chromato-
graphed on a colunuxof alumlna (60g, IV). Elution w1th benzene-petroleum
ether (1:3) gave tr1azolopyr1d1ne (0.2g) and the 1,2 addition product

(126h) (1.0g, 31%). " Continued elution using dichloromethane as eluant

gave no further material.

(ii) Using dimethylsulphide-cuprous bromide complex

Preparation of DMS-CuBr complex

?repared by the method of House119
M.pt. 122-130%
0.119

Lit. m.pt. 124~ 129
The 7-11th10tr1a~olopyr1d1ne species (124) was prepared as prevxously
descrxbed using the same quantltles. To thls was added the dlmethyl-
sulphlde—cuprous bromlde complex (1. 7g, 0.0084 mol) 1n a mixture of ether
(10 ml) and dlmethylsulphlde (10 ml). A yellow colour developed
immediately. The solution was stirred for a further one hour at -40°C,
Methyl vinyl ketone (1 36 ml, '0.0168 mol) was added. l The mixture was
allowed to come to room temperature and stlrred overnzght, then
hydrolysed (ammoulum chlorrde/ammonla 0.880). Extractlon w1th
dlchloromethane (4 x 200 ml), drying over magnesxum sulphate followed
by letratlon and evaporatron yielded a brown oil (2 33) Thls was

evaporated onto alumlua (lOg, Iv) and,chromatographed on'a column of

alumina (60g, IV). Elution with benzene=-petroleum ether (b.pt. 60~80°C)
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(1:3) gave only triazolopyridine (1.8g). No further material was

eluted from the column even using dichloromethane as eluant.

Conversion of the lithio species (124) to the Grignard reagent (129)

Preparation of magnesium bromide

An ethereal solution of 1,2-dibromoethane (3.8g, 0.02 mol) was
added dropwise to magnesium turnings (1.22g, excess). The resulting
éolution was filtered under a dry nitrogen atmosphere,

This solution was then added dropwise to an ethereal solution (80 ml)
of 7-lithiofriazolopyridine (0.0168 mol, prepared as previously
describéd). No change in the colour of the red solution was observed.
The resulting solution was stirred at -40°C for a further two hours,
Methyl vinyl ketone (1.36 ml, 0.0168 mol) was added. The mixture was
allowed to come to room tempeéature and stirred overnight. The normal
work=up procedure gave a brown oil (3g). .

- Medium pressure chromatography with ethylacetate-petroleum
ether (b.pt. 60~80°C) (3:1) as eluant gave the alcohol (126h) (1.13,_
36%) and triazolopyridine (0.4g8). No further material was obtained

from the columm using éthylacetate as eluant., As can be seen, there

is no significant increase in the yield of the alcohol (126h) produced.

Attempted alkylation of 7-lithiotriazolopyridine (124)

With methyliodide

The 7-lithio species (124) was prepared as previously described
using 2g of triazolopyridine (0.0168 mol). After addition of the
co-~reactant (0.0168 mol) and work up (as previously described), n.m.r.

spectroscopy indicated only the presence of starting materials.
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With benzyl bromide

The 7-lithio species (124) was prepared as previously described
using 2g of triazolopyridine (0.0168 mol). Addition of the co-reactant
(0.0168 mol) and work up as previously described gave a brown oily mass:
(4.8g) which later solidified. N.m.r. revealed the presence of
starting materials. Peaks due to diisopropylamine were also present.
This indicated the possibility of salt formation between benzylbromide
and diisopropylamine.

A sample of the solid was shaken with water and extracted with
dichloromethane (2 x 50 ml). The organic extract was dried over
magnesium sulphate, filtered and evaporated. N.m.r. spectroscopy -
revealed the presenc;‘of triazolopyridine and benzylbromide. N.m.r.
spectroscopy on the aqueous extract (in DZO) gave peaks due to both
diisopropylamine and benzylbromide. - Thé peaks are probably due to
the formation of the salt RIR2R3N'Br~ where R! = H, R2 = isoﬁropyl and

R3 = benzyl.

.

Reactions of 7-lithiotriazolopyridine (124)

Reaction with solid carbon dioxide

The 7-lithio species (124) was prepéted as previéusly'described
using 2g of triazolopyridine (0.0168 mol).After six hours the reaction
mixture was poured onto a tenfold excess of solid carbon dioxide in a
dry nitrogen bag. The colour changed immediately from red to yellow.
The mixtpre was allowed to come to room temperaturé and stirring was
continued overnight. The mixture was then hydrolysed with dilute
sulphuric acid. The aqueous layer was extracted with dichloromethane
(4 x 100 ml). The organic extract was dried over magnesium sulphate,
filtered and evaporated to yield 1.6g of a yellow oil, which was

identified by n.m.r. spectroscopy as triazolopyridine.
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Reaction with bromine

The 7-lithio species (124) was prepared as éreviously described
- using 2g of triazolopyridine (0.0168 mol), To this was added bromine
(2.68g, 0.0168 mol).  The colour changed immediately from red to bright
yellow.. After hydrolysis the normal work-up procedure was followed and
evaporation yielded 4.4g of a violet solid.  Extraction of thi§ solid
with benzene gave the bromopyridine (134) (l.lg, 20Z) as an off-white
powder, ‘

M.pt. - 131-133°C  (cyclohexane)

Analysis: | Found: C, 21.767%; H, 1.08%; N, 4,287.

-C_H,Br N requires: C, 21.85%; H, 1.22%; N, 4.25%Z.

64 "3
1

-"H N.M.R. (CDC1 . §7.2-7.85 ppm, m, 3H, pyridine ring protons

3)
' 6.55 - . s, 1H, CH.
I.R. (CHCLq) v 1585, 1565, 1200, 1150, 1120, 1080,
max
985, 8001:1:1‘-1
A
277 mm‘(logloa 3.83)

Mass spectrum, m/e, = . .. - 253(100), 251(110)(M*-Br)
250(100), 249(100), 233(52), 232(29),
217(¢92), 216(85), 215(92), 214(83),

189(62), 187(79), 186(100), 170(100),
off-arz), 168(100), 159(44), 158(62),
157¢48),  156(42), L49(44), ~ 144(100),

130(42), 119(71), - 109(62),. 97(100),
89(81), = 88(87), 87(39),  85(100), ..
78(100), 75(100), 69(100), 67(66), .

65(62).
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Reaction with 1,2~dibromoethane

The 7-lithio species (124) was prepared as previously
described using 2 g of triazolbpyridine (0.0168 mol). To this'was
added 1,2-dibromoethane (fréshly distilled and dried over calcium
chloride) (1.4S‘m1, 0.0168 mol). Normal work-up procedure yielded
_ a pale brown oil (2.2 g). WN.m.r. spéctroscopy revealed ohly the

presence of triazolopyridine.

With benzonitrile -

The 7-lithi6 species (124) was prepared as previously
described using 3 g of .triazolopyridine (0.0252 mol). To this was
added benzonitrile (2.57 ml, 0.0252 mol). Normal work-up procedure
yielded a semi-solid orange oil (4.4 g). This was evaporated onto
alumina (17 g, IV), and chromatographed bn.a célumn of alumina
(135 g, IV). Elution with benzene-petroleum ether (b.pt 60-80°C)
(1:5) gave benzonitrile (0.4 g), Benzene¥petroleum ether (3:2)

\

gave triazolopyridine (0.6 g). Further elution with diculoromethane=

benzene mixtures gave unidentifiable oils (1.2 g).

With cyanogen bromide

The 7-lithio species (124) was prepared as previously
described using 2 g of triazolopyridine (0.0168 mbl). Addition
of an ethereal solution (10 ml) of cyanogen bromide (1.78 g,
0.0168 mol) produced an immediate colouf change from red to bright
yellow. Normal work-up procedure yielded a br?ﬁn sémi-sélid (3.1 g).

N.m.r. spectroscopy revealed only the presence of triazolopyridine.
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With ethyl chloroformate

The 7-lithio species (124) was prepared as previously
described using 2 g of triazolopyridine (0.0168 mol). After the
addition of ethyl chloroformate (1.6 ml, 0.0168 mol), normal
work-up procedure yielded a yellow oil (3.3 g). Trituration of
this oil with diethylether gave a yellow sélid (0.86 g, 19%) which
was later identified as the ketonme (139).

Mpt. indistinct, > 290°C.

Analysis: Found: C, 59.02%Z; H, 2.88%; N, 32.27%

C13H8N60 measures: C, 59.097; H, 3.05%Z; N, 31.81%

"4 N.M.R. (D -DMSO)

§8.32 ppg, dd, 1H, H4, JA,S = 9,4 Hz, J4,6 = 1,4 Hz,

. 8.29, s, 1H? H3

7.87, dd4, 1H, H6, J = 7,0 Hz, = 1.3 Hz.

6,4
= 6,9 Hz, J

6,5

7.62, dd, 1H, H5, J = 8.6 Hz,

5,6 5,4
130 N.M.R, (De-DMSO) - multiplicities in off-resonance
shown in patenthesis.
133,47 ppm (s), 126.49(d), 125.27 (d), 122.812 (d),
119.89 (d)-triazolopyridine carbon atoms, 179.41(s).

I.R. (Nujol mull) Vhax 1665(C=0), 1620, 1325, 1090,

885 cm L.
- U.V. (95% EtOH) Aax 238 nm (logloe 4.31)
276 nm (loglos 3.99)
366 om (log;,c 3.70)
Mass spectrum, m/e, 264(6) M', 263(25), 236(21)(-28),

209(14), 181(18), 179(35), 159(3D),
154(16), 153(16), 149(21), 147(21),
132(37),  130(67), 121(27), 120(25),
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106(46), 104(27), 103(21), 100(8),
93(18), 91(18), 82(42), 80(42),
78(29),- 64(21), 63(42), 57(21).
Medium pressure chromatography on the residue (2.4 g), witg
ethylacetate-petroleum ether (b.pt. 60-80°C)(4:1), gave ethylchloro-
formate (1.3 g) and triazolopyridine (0.4 g). Further elution with
ethyl acétate gave no further material,
This experiment was repeated using half of one equivalent of
ethyl chloroformate (0.8 ml, 0.0084 mol) but failed to increase the

yield of the ketone (139).

Attempted decarbonylation of the ketone (129)

The ketone (0.05 g) was placed in a small sample tube. This
was immersed in a beaker containing transparent silicone o0il which
was heated gradually. At 190°C evolution of a gas was observed,

Attempted extraction of the residue failed, extensive decomposition
i

had occurred. ' S

With Dimethylformamide

To the lithium reagent from triazolopyridine (3g, 0.025 mol)

wa§ added dry dimethylformamide (1.9 ml, 0.025 mol). The colour

of the mixture changed immediately frem red to bright yellow. After
stirring overnight, the mixture was hydrqused with 2N hydrochloric
acid. The resulting deep red solution was stirred for one hour.
This was then extracted with dichloromethane (4 x 200 ml). The -
organic extract was dried over magnesium sulphate, filtered and
evaporated to yield a brown oil (1.5g). Using medium pressure

chromatography, with benzene-petroleum ether (b.pt. 60-80°C) (1:1)
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as eluent, 7-hydroxymethyltriazolopyridine (144) (l.lg, 30%Z) was
eluted,

M. pt.  127-129°C (benzene)

Analysis: Found: C, 56.25%; H, 4.627; N, 28.59%.

C7H7N30 requires: C, 56,37%Z; H, 4.737%;

N, 28.183.
1}1 N.M.R. (coc13)
§8.15 ppm, s, 1H,  H3

7.87, dd4, 1H, H4, J = 8,74z, J, _ = 1 Hz

4,5 4,6

7.44, dd, 1H, HS5, J = 8.6 He, = 8.5 Hz

5,6 Is 4

7.23, dd, 1H, H6, J = 6,7 Hz, = 1,3 Hz

6,5 6,4

5.19, br.s., 2H, cH,.
'13C N.M.R. (D6-acetone) - multiplicities in off-resonance
shown in parenthesis
§134.46 ppm (s), 126.05 (d), 125.60 (d), 116.52 (d),
111.59 (d) = triazolopyridine carbon atoms, |
139.56 (s), 5;.25 (tr, CHZ)'
LR, (CHCl) v __ 3420(br, OH), 1930, 1710, 1645 cm '
U.V. (95% EtOH) Amax 282 nm (logloe 3.91). .
Mass spectrum, m/e, 149(84)M°, 121(18), 120(18), 94(20),
93(100), - 92(60), - 90(12), 76(20),
66(100), 65(84), 64(76), 63(56),
52(24).
The aqueous layer was evaporated to yield l.7g of a light
tan oil. This was redissolved in water and continuously extracted

with chloroform for several days, however nothing could be

extracted from the aqueous layer.
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3300(br, OH), 1735, 1705, 1655,

1595, 1150, 900 cm L.

<

I.R. (CHC13) nax
U.V. (957 EtOH) Am 229 nm (logloe 4,04)
. 278 om (logloe 3.96)
303 nm (sh).
Mass spectrum, m/e, 378(41),  376(88), 374(57), 304(31),
302(55), 300(22), 246(48), 236(83), .
210(24), 209(22), 168(22), 135(100),
134(100), 120(100), 108(74), 100(64),
93(53), 91(93), 90(34), . 89(86),
81(83), 80(38),  79(%0), 78(38),
76(100), 64(40), 63(69), 62(71),
56(24).

Diphenyl=(6=-dibromomethylpyridin=2=-yl)methanol (147g)

0btaine4 frpm the alcohol (126g) (4g) in 76% yield (4.3g)
as a light brown oil. Tritufation}with petroleum ether (b.pt.
40-60°C) gave a tan powder. .
M.pt. 118-120°C (absolute ethanol)
Analysis: Found: C, 52.98%;  H, 3.48%7; N, 3.33%
C19H153r2N0 requires: C, 52,687 H, 3.49%;
N, 3.23%.
' N.M.R. (CDCL,)
§7.73 ppm, m, 2H, pyridine 8 protons
7.28, br.s., lO0H, benzene protons
7.04, q, 1H, pyridine y proton
6,64, s, 1H, CH

5.87, br.s., 1H, OH. Ex.DZO
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I.R. (CHCL,) v .. 3660, 3600, 3400 (br, OH), 1585, 1570
cm- 1

U.V. (957 EtOH) Amax 274 nm (loglos 4,03).

Mass spectrum, m/e, 418(45), 417(100), 415(100), &13(100),
356(67), 354(100), 353(l00), 352(100),
351(100), 350(100), 334(50), 332(50),
276(100), 274(100), 272(100), 270(100),
255(67), 206(50), 201(50), 194(50),
183(78), 182(100), 180(67), 168(100),
167(100), 165(100), 151(67), 142(67),
138(48), 127(83), 114(92), 106(100),
97(53), 93(37),  91(100), 89(35),
81(100), 77(100), 69(90), 67(67),

65(77),‘ 63(100), 57(100).

General procedure for conversion of dibromomethylpyridines into

\
pyridine2-carboxaldehydes. !

The dibromomethylpyridine (ca. 1.2g in 25 ml of ethanol) was
mixed with silver nitrate (2.1 mol equiv.) in hot water’(m 7 ml).
The mixture was boiled for 15 minutes, then cooled, and coﬁcentrated
hydrochloric acid (7 ml) added. The silver salts were removed by
filtration, the filtrate was evaporated under reduced pressure,
and the residue was treated‘with saturated aqueous sodium hydrogen
carbonate. Extraction with dichloromethane (4 x 50 ml), followed
by drying with magnesium sulphate, filtering and evaporation gave

the virtually pure pyridine-2-carboxaldehyde.
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General procedure for reactions between triazolopyridines and

bromine '

" The triazolopyridine was dissolved in dichlorometh;ne (2g
in ca., 25 ml) and cooled to 0-5°C, and bromine (1 mol. equiv.) in
dichloromethane was added dropwise. Vigorous gas evolution
occurred and stirring was continued after addition was complete
(1 hr.). The solution was shaken with aqueous sodium hydrogen
carbonate, then water, separated, and dried over magnesium sulphate.
Filtration and evaporation gave the substantially pure dibromo-

-methylpyridine,

(6=dibromomethylpyridin=2-yl)=(p~methoxyphenyl)methanol (147c)

Obtained from the alcohol (126c¢) (2g) in 98%7 yield (3.0g)
as a brown oil, Further purification was achieved using P.L.C.
. Multiple elution with ethylacetate~toluene (1{20) as eluent gave
an analytically pure sample,

\
Analysis: Found: C, 43.61%; H, 3.51%Z; N, 3.55%

14713
N, 3.62%

C, H; ;B2 N0, requires: C, 43.44%; H, 3.38%; .
'H MR, (CDCL,)

§8.19-7.90 ppm, m, -2H, pyridine B protons

7.1, m, 1H, pyridine y proton.

6.94-7.37, 4H, AA'BB' system, benzene protons.

6.20, s, 1H, CHBr,
5.60, s, 1H, CHOH
3.76? s, 34, CH3
4.7, s, 1H, OH, Ex.DZO.



121.

a=(6-formylpyridin-2-yl)-4-methoxybenzyl alcohol (148c)

Obtained from the dibromomethyl compound (147¢)(1.22g) in

78% yield (0.6g). The carboxaldehyde was an oil, characterised as

its 2,a—dinitrophenylhydrazone.162

M.pt. 189-92°¢ (absolute ethanol)
Analysis: Found: C, 56.54%7; H, 3.87Z; N, 16.49%
C20H17N506 fequlres: C, 56.73%; H, 4.052;,

N, 16.54Z. .

Ly NaMR, (ch13) -

\
A

§9.90 ppm, s, 1H, CHO

7.80, m, 2H, pyridine B protons

7.50, m, 1H, pyridine y proton

6.80-7.30, AA'BB' system benzene ring protons
5.75, s, 1H, CH.

4.75, br.s., 1H, OH, DZO.Ex.

. 3,70, s, 3H, CH3~'
\ .

) v_i. 3400(br, OH), 3170, 2820, 1710(CHO),

1600, 1455, 1380, 1175, 990 cm I.

I.R. (CHC1

U.V. (952 EFOH) A ., 230 mm (sh)
272 nm (log, ¢ 3.82)

Mass spectrum, m/e, 214(12), 201(29), 187(17), 186(10),
180(17), = 142(25), . 137(79), 136(100),
135(100), 131(21), = 119(14), = 110(39),
107(100), 106(31), 105(31), . 92(39),
88(100), 86(100), 84(100), 79(100),
78(90), . 77(98), 65(29), 64(25),

55(23).



Diphenyl=-(6-formylpyridin-2-yl)methanol (148¢)

Obtained from the dibromomethyl compound (147g)(38) in
quantitative yield (2.2g). The carboxaldehyde was a bréwn oil
characterised as its 2,A-dinitrophenylhydrazonelsz.

M.pt. 197-199°%¢ (absolute ethanol)

Analysis: Found: C, 64.07%; H, 3.97%; N, 14.88%7

C,sH gN.O, Tequires: C, 63.96%; H, 4.08%;

N, 14.92Z.-

1y N.MLR. (coct,)

69,90 ppm, ‘s, 1H, CHO
7.30-7.80, m, 3H, pyridine protons
7.28, s, 10H, benzene protons

5.90’ br.s.’ IH, OH, D OQExO

2

I.R. (CHC13) nax

1490, 1250, 1040, 1000, 970 cm

U.V. (952 EtOH)‘ {max 265 nm (loglos 3.86)
! 270 nm (sh)

Mass spectrum, m/e, 289(9)M°, 273(15), 212(40), 184(34),
183(89), 182(100), 181(77), 155(36),
154(28), 152(40), 150(36), 132(11),
130(17), 128(19), 108(100), 107(32),
106(100), 105(100), 96(41), 95(21),
94(43), .91(26), 88(100), 86(100),
85(100), 84(100), 82(68), 78(87),

76(52), 69(100), 68(21), 67(51),

65(32), 55(s7).

1
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v 3400 (br, OH), 3060, 2830, 1710, 1590,



Big=2=(6=dibromomethylpyridvl)ketone (149)

‘The ketone (139) (0.25g, 0.00094 mol) was dissolved in
dichloromethane (15 ml) and cooled to 0°C, and bromine (0.15 g,
0.00094 mol) in dichloromethane (10 ml) was added dropwise.

Stirring was continued until addition was complete (1 hr.). The

%

solution was then shaken with aqueous sodium hydrogen carbonate,

then water, separated, and then dried over magnesium sulphate.
Filtration and evaporation gave the substantially pure bis=

dibromomethylpyridyl ketone (149) in 407 yield (0.2g) as a red

- oil. Previously prépare¢$in 5% yield by Newkomelll.

5

—_

123.



Exgerimental. Part B.

7-methyltriazolo(l,5-alpvridine(153)

Two methods of preparation were used:

(1) via the hydrazone.

A mixture of 6-methyl-2-pyridine-2-carboxaldehyde *(20.0g,
0.165 mol) and hydrazine hydrate (32 ml) were heated together on
a water bath at 90-100°C for 90 minutes. The solution was then
allowed to cool and 30% sodium hydroxide solution (32 ml) was
added with stirring. The mixture was extracted with dichloro-
-methane (4 x 300 ml), the organic extract d;ied over potassium
hydroxide, filtered an&}évaporated to yield the hydrazone (151)
(24.4g ~ 1002) ;-

M.pt. 80-82°¢ (benzene-petroleum ether (b.pt. 60-80°C)

(1:1))
Analysis: Found: C, 63.10Z; H, 6.49%; ‘N, 30.31%

C7I-19N3 requires:  C, 62,20%7; H, 6.71Z%;

Y < . N, 31,09%.
This compound has been previously prepared163. No melting point
reported.,

The hydrazone (151) (20g), potassium ferricyanide (107.3g)
and sodium hydrogen carbonate (27.4g) in water (800 ml) were
heated on a water bath at 90-100°C for 30 minutes. 'Theré was a
great deal of efffervescence and a black oil separated out., The
mixture was allowed to cool and 307 sodium hydroxide was added
(70 ml). The mixture was 'sal;ed out' using sodium chloride and
thoroughly extracted with dichloromethane (6 x 500 ml). - The
organic extract was dried over magnesium sulphate, filtered and

evaporated to yield the crude triazolopyridine (193) (12.2g, 627).

)

124,
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Distillation gave pure 7-methyltriazolopyridine (153), b.pt. 94°¢
at 0.05 mm, (9g, 46%Z).

M.pt. . 40~42°¢

Analysis: Found: C, 63.05%Z; H, 5.157; N, 31.29%7-

C7H7N3 requires: -~ C, 63.14%; - H,  5.36%; .

: N, 31.56%
1H N.M-R. (CDCI3)
§8.10 ppm, s, 1H, H3

7.63, dd, 1H, H4,  J = 9Hz

4’5

~7.20, dd, 1H, H5, J = 7Hz, J = 9Hz

5,6 5,4

é.88, '8, - 3H, CH3 :

130 N.M.R. (CDC13) - multiplicities in off-resonance shown
. in parenthesis
§133.54 ppm(s), 125.67(d), 124.98(d), 115.01(d),
113,84(d) - triazolopyridine carbon atoms,
©135.24(s), 17.33(q, CHy) - |
I.R. (CHCLy) .- vmé;f 3380, 1920, 1640, 1550, 1525,
1425, - 1325, 1210, 1180, - 1150
970 cm !
U,V. (95% EtOHj Xmax 281 om (logloe 3.88)
Mass spectrum, m/e, 133(l00)M", 123(49), 122(81), - 118(33), -
106(25), 105(100), 104(100), 103(23),
94(58),  93(94), 92(56), | 91(39),
©.90(25),  79(100), 78(100), . 77(100),
76(42), © 66(52), = 65(100), . 64(66),

63(100), - 62(44), 61(21), .- 52(100).
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(ii) via the tosylhydrazone (152)

To a methanplic ;olﬁtion (10 mi) of 6-methy1-2-p§ridine-2-
~carboxaldehyde (5g, 0.0412 mol)vwas added p-toluenesulphonylhydrazide
(7.7g, 0.04127m01) in ggthanol (50 ml). The mixture was warmed
gegtly_and ;hen gooled in an ice-bath. The tosylhydrazone separated
‘as pink crystals. They were filtered and washed with cold methanol,
and finally dried in a vacuum dessicator (over PZOS)' The yield A
obtained was 827 (9.8g). | 4

M.pt. 84-8§°C (pet;oleum ether (b,pt. 40-60°C) -

dichloromethane (4:1)).

Analysis: Found: C, 57.35%Z; H, 5.167; N, 14,1772

~
s

C;4H15N3OZS requi;es: c, 58.12%; H, 5.232;
7 N, 14.532

The tosylhydrazone (7g)»was dissolved in morpholine (40 ml)

and heated on a water bath at 90-100°C for 60 minu;es. The

excess morpholine was then removed under reduced pressure, The

resulting’yellow‘solid was‘treated with dietﬁylether (290 ml).,

The morpholine sulphinate érecipitate was filtered off and the

filtrate evaporated to yield 7-methyltriazolopyridine (153)

(2.3g, 71%).

Preliminary experiments on the lithiation of 7-methyltriazolo-

pyridine (153)

Reaction with lithium deuteroxide

To a solution of 7-methyltriazolopyridine (153) (0.2g) in
Dzo, in an n.m.r. tube, was added a small piece of lithium metal,
The n.m.r., spectrum was checked regularly to see if there was any

change in the spectrum.
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Reaction of 7-methyltriazolopyridine (153) with sodamide

Sodium metal (0.17g, 0.0074 mol) was dissolved in dry
liquid ammonia (20 ml, dried by passing through a potassium
hydroxide drying tower). To this solution was added a small
amount of Iron(III) nitrate. 9H20 as a catalyst. The colour of
the solution changed from the characteristic deep blue colour of
sodium dissoived in liquid ammonia to the grey colour of sodamide.
The ammonia condenser was removed and dry ‘oxygen—-free' nitrogen
was passed into the’flask, excess liquid ammonia was allowed to
boil off. To the sodamide was added dry diethylether (30 ml). To
this ethereal solution of sodamide was added 7-methyltriazolopyridine
(1g, 6;0074 mol) in diethylether (20 ml). No change in colour was
observed, The mixture was then boiled under reflux for one hour.
With stirring, freshly distilled benzyl chiorige (0.86 ml, 0.0074 mol)
was added. The mixture was stirred for a further hour., Hydrolysis
with ammonium chloride in ammonia (specific gravity 0.880),
followed by extractioﬁ with dichloromethane (2 x 400 ml), drying
" the orgénic extract over magnesium sulphate, filtering and
evapor;ﬁion gave a crude product (2.0g). This was shown by n.m.r.
spectroscopy to contain only starting materials (i.e. 7-methy1t
-triazolopyridine (153) and benzyl chloride).

-

Lithiation of 7-methyltriazolopyridine (153)

(1) Using 'oxygen-free'nitrogen as blanket gas

Preparation of l-(p-methoxyphenyl)=-2-(triazolopyridin-7-y1l)ethanol (155)

A solution of 7-methyltriazolopyridine (153) (2g, 0.015 mol)



in dry ether (60 ml) was added at -40°C to a mixture of n-butyl-
lithium (10.5 ml, 1.43M in hexane) and diisopropylamine (2.1 ml,
0.015 mol). After 6 hours at -40°C an intense red colour had
developed, changing instantly to‘yeliowfwhen anisaldehyde (1.83 ml,
0.015 mol) was added. The mixture was st1rred overnlght at room
temperature, hydrolysed with ammoni um ehlorlde in ammonia (spec1f1c
gravity 0.880) and separated Extractlon of the aqueous layer with
dxchloromethane (4 x 200 ml) followed by drylng over magnesium
sulphate, fllterlng and evaporatlon gave a crude product (4. lg)
Medium pressure chromatography (elutlon w1th ethyl acetate— \

. =petroleum ether (b.pt. 60-80° C)(2 3)) gave anxsaldehyde (0. 2g),

128.

p-methoxybenzyl alcohol (0.1g) and 7-methy1trlazolopyr1d1ne (O.Zg);

- > .
- R . y
4 . 1 . . CENL

Elution with an increased proportion of ethylacetate gave the
* methoxyphenylethanol (155) (2.33, 572).‘ | -
M.pt. 117-118% (benzene).

Analysis: Found: C, 67.02%; H, 5.577; N, 15.88%

c15 15 3 2

requlres. C,'66.902; H, 5.61%;
| N, 15.612 -
1y N.M.R. (cnc1 )

88, 13 ppm, s, 1H, H3
. - 1Hz

7.74, dd, 1§, BH4, - 8, SHz,

4 5 4 6

7 6.8-7.4; ;m, 76H, HS, Hﬁ benzene ring protons

'5.35, m, 1§, CH :

376, s, M, CH,

3.51, m, 28, C,

13C N.M.R. (ﬁ -DMéO) - multi#lieitiee\in eff~reseeance shown
in parenthes1s | |

§133.64 ppm(s), 125 32(d), 125. 08(d), 115 26(d),
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113.24(d)_— triazolopyridine carbon atoms,
158.32(s, Cc-OMe), 136.59(;), 136.20(s),
. 126f57(d), 115.14(d) - benzene carbon atoms,

69.03 (d, CH(OH)), 54.98 (q, OCH,), 41.26(zr)

1.R._(¢Hg13) Voax 3400 (br, OH), 2840, 1645, 1615,
1590, 1555, 1470, 1445, 1330, 1305,
1250, 1175, 1105, 1040, 970 cm
U.V. (95% EtOH) A__ 281 mm (log, e 3.94)

Mass spectrum, m/e, 269(11)M’, 183(13), 182(19), 181(11),

L 137(s), 135(87), 133(100), 109(43),

| 10701, 106(11), 105(71), 104(52),

N 94(43), 931D,  92(19), 9L(1D),

79(26),  78(63), 77078), es17),

6701,  66(11), 652,  66(17),
ssfzi); 53(11), 52(17), 51(32).

Treatment of compound (155) w1th bromlne. Preparation of

2—(6—d1bromomethzlpyr1d1n—2-y1)-1-(p—methoxypheny1)ethanol (156)

To a cooled (0~5°C) d1chloromethane solut1on (20 ml) of the ‘
alcohol (155) (lg, 0.0037 mol) was added bromlne (0. 6g, 0 0037 mol)
in dichloromethane with st1rr1ng. St1rr1ng was contlnued for one ;
hour. The mixture was then shaken w1th aqueous sodium hydrogen
carbonate, then water, and then thoroughly extracted w1th
dichloromethane (2 x 200 ml). The organlc extract was drzed
over magnesium sulphate, flltered and evaporated to yleld the
almost pure d1bromomethy1 compound (156) (1 3g, 87%). ’Ah
analyt1cally pure sample was obta1ned by P L.C. Mu1t1p1e.e1ut10n N
W1th ehtyl acetate-toluene (1: 20) gave the pure dxbromomethyl

compound (156).
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B.pt. "~ Undetermined
Analysis: Found: C, 44.62%; H, 3.647; N, 3.49%

CsH; BT, N0, requires: C, 44.,927; H, 3.77%;

N, 3.497
'w wamr. (oDCLy)
§6.8-7.8 ppm, m, 7H, pyridine and benzene
ring protons,
6.7, s,  1lH, Cgprzr
5.2, tr, 1H, CH(OH)
3.8, s, 3H, CH3

3.2, d, 2H, CHZ

3400 (br, OH), 3000, 2950, 1615,

I.R. (liquid film) vmgx

1595, 1520, 1460, 1300, 1250, 1175,

1030 cm !

U.V. (952 EtOH) xma£ 225 nm (logloe 4.40)
272 mm (logloe 3.98)

Mass spectrum, m/e, 266(89), 264(100), 262(100), 251(19),
241(85)M-Br,,, 222(59), 223(53),

213(64), 211(57), 208(57), 200(85),
192(42), 191(47), ' 186(100), -185(100),

184(100), 180(57), 149(100), 138(60),
137(100), 135(100), 119(42), 108(100),

107(68), 92(100), 91(100)

2-(6—formy1pyridin-2-y1)-1-(p—methoxypheny1)ethanolV(157)

The dibromomethylpyridine (156) (1.15g, 0.0028 mol) in ethanol"
(25 ml) was mixed with silver nitrate (1.22g, 0.0058 mol) in hot

water (7 ml). The mixture was boiled for 15 minutes then cooled,



concentrated hydrochloric acid (8 ml) added. The silver salts- were

removed by filtration, the filtrate was evaporated under reduced

pressure, and the residue treated with saturated aqueous sodium

hydrogen carbonate. Extraction with dichloromethane (2 x 200 ml),

drying of the organic extracts over magnesium sulphate, filtering

and evaporation gave virtually pure product (157) (0.5g, 68%).

M.pt.

Analysis:

1

I.R. (CHCl

103-108%2(absolute ethanol)

Found: C, 70.10Z; H, 5.60%7; N, 5.22Z

C15H15N03 requires: C, 70.02Z; H, 5.88%Z;
N, S5.44%

H N.M.R. (CDCIB)

§10.1 ppm, s, -1H, CHO
7.1-7.9, m, 7H,  pyridine and benzene ring

protous.

6.9, tr, 1H, CH(OH)

3.8, m, SH’ OCH3 a-nd CHZ
B Vpax 3400 (br, OB, 1710 (CHO), 1610,
1580 cm

U.V. (95% EtOH) A 225 nm (logloe 4.32)

325 om (logloe 4.38)

Mass spectrum, m/e, 257(1)M', 240(30), 239(100), (M'-CO),

238(100), 225(90), 224(26), 211(38),
209(36), -~ 207(34), 196(40), 195(90),
167(80),  152(30), 151(18), 149(52),
137(34), 135(100), 107(54),  79(22),

78(30), 77(50).
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(ii)

Using nitrogen with traces of oxygen present.

The experiment was performed using exactly the same

quantities as previously.

Medium pressure chromatography (elution with ethylacetate-

132.

Work up gave a crude product (4.4g).

-petroleum ether (b.pt. 60-80°¢C) (2:3)) gave anisaldehyde (0.8g),

p-methoxybenzylalcohol (0.2g), and 7-methyltriazolopyridine (0.3g).

Elution with ethylacetate-petroleum ether (3:1) gave 7-hydroxy-

- =methyltriazolopyridine (144) (0.8g, 35%Z) and a small amount of

1,2-bis(triazolopyridin=7-yl)ethane (158) (0.lg, 27).

M.pt.

211-212% (benzene)

Analysis: Found: C, 62.95%;

014H12N6 requires: C,

1

H N.M.R. (CDC13)

§8.1 ppm,

| 7.6,

" 7.1"

6.7,

dd,

H, 4.407;

63.62%;

N, 31.80%

N, 32.007%

H, 4.58%;

3.9, s,

.I.R..(CHC13) Voax

U.v. (?52 EtOH) Amax

s, 1H, H3

]'H’ H4! J4’5 - 9HZ’ Jl},é =
14, HS

1H, . H6, Jg. 5 = THzZ, Jg 0=
4H, CH2

1935, 1645, 1560, 1330, 1150,
970 cm-1 «

280 nm-(logloe 4,25).

Mass spectrum, m/e, 264(39)M, 235(27), 234(61),

208(100),
193(24),
180(48),

168(24),

~ 207(45),

179(30),
156(36),

206(36),
191(15),

178(15),

154(61),

1Hz
1Hz

1105,

209(24),
205(30),
181(24),
169(24),
149(18),



141(24), 133(30), 132(24), 130(24),
117(30), 104(42), 103(30), 95(24),
93(30), 91(27), 79(33), '78(66),
77(73), 65(45), 64(30), 63(51),
51(78).

Y

Attempts to improve yields of compounds (144) and (158)

Compound (144)

From 7-methyltriazolopyridine (153) (2g, 0.015 mol),
7-1ithiomethyltriazolopyr@dine (154) was synthesised as previously
described. Dry air (dried by passing through concentrated sulphuric
acid) was bubbled into the solution. However after work-up there
was no significant increase in the yield of 7-hydroxymethy1triazolq-

~pyridine obtained (35%).

Compound (158) \

A solution of 7-methyltriazolopyridine (153) (2g, 0.015 mol)
in ether (60 ml) was added at -40°C to a mixture of n-butyllithium
(11 ml, 1.4 M) and diisopropylamine (2.1 ml, 0.015 mol). After 6
hours the characteristic red colour had developed. Iodine (1.91g,
0.0075 mol) was added. The colour went bright yellow immediately.
The sqlution was stirred for a further hour at -40°C, The mixture
was then allowed to come to room temperaﬁure and stirred overnight.
It was then boiled under reflux for 30 minutes and hydrolysed
with ammonium chloride in ammonia (specific gravity 0.880). The
solution was extracted with dichloromethane (2 x 200 ml) and the

extract washed with sodium thiosulphéte solution, The organic

133.
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extract was then dried over magnesium sulphate, filtered and
evaporated to yield a crude product (1.2g) which was shown by

n.m.r. spectroscopy to contain 7-hydroxymethyltriazolopyridine (144)

(502) .



Experimental, Part C,

Preparation of the cyanhydrin of pyridin-2-aldehyde (170)

M.pt. 83.85°C (benzene)

147

lit. m.pt. '/ 88-98°.

-

Oxidation of the cyanhydrin (170).

A mixture of dimethYlsuiphoxide (1.17g, 0.6149 ﬁol) and
dichloromethane (10 ml) were cooled to -BOOC. To this was added
trifluoroacetic anhydride (2.33g, 0.011 mol) in dichlorombthané
(7 ml) over a period of ten minutes. buring the addition a white
precipitate formed. The cyanhydriﬁ (1.0g, 0.0074 mol) in (20 ml)
was then added over a périod of ten minutes. The cdntents of the
flask were maintained at =50°C for a further thirty miputes.
Triethylamine (4 ml) was then ‘added over,a ten minute period. After
addition, the mixturé was allowed to coﬁe to rooﬁ teﬁperature.’ All
the solvents were removed under reduce& pressure to yield the

Lot 134,

: \ - -
¢yanoketone (171) (0.7g, 71%); Voax (CHCI3) 1740.:@
68.7 ppm (1H, d, pyridine a-proton) and 67.5-8.2 ppm (3H, m,

pyridine B8 and y protons).

Attempted formation of the t&ﬂylhydrazone (172)

The cyanoketone (171) (0.7g, 0.0053 mol) was dissolved in
mefhanol (10 m1). To this was added a methgnolic solution (20 ml)
of 27toluenesulphonylhydrazide'(6.983, 0;0053 mol). The mixture
was warted gently but ho solid was deposited on cooling. The
solution was boiled under reflu# for one hour. T.L.C. (é??yi

acetate as eluent) showed only the presence of starting materials,

135.
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Synthesis of the methyl ester (174) via the Pinner Synthesis

The cyanoketone (171) (0'88’_9'0061 mol) was dissolved in
methanol (50 ml) to which a small amount of water (0.1 ml) had
been  added. Hydrogen chloride gas was passed_in;o the methanolic
solution, When the solution was warm, the flow of gas was diminished
and the mixture was boiled under reflux for eight hours. The.
methanol was removed under reduced pressure and the residue was
neutralised Vith gsaturated aqueous sodium hydrogen carbonate,
Extraction with dichloromethane (3 x 100 ml), separation, drying
over magnesium sulphate. Filtration and evaporation gave the .
methyl ester (174) (0.3g, 30%Z). Continuous extraction of the

aqueous layer with chloroform gave no further material.

Attempted formation of the tcsylhydrazonme (175)

The ester (174) (0.3g, 0,0018 moli was dissolved in methanol
(4 ml)., To this was added a methanolic solution (5 ml) of
BTCOluenesulphOﬁylhydragide (0.36g, 0.0018 mol). The mixture
was warmed gentfy but no solid was deposited on cooling. The
solution was boiled under reflux for one hour.. T.L.C. (ethyl
acetate~toluene (1:1)’ as elqant) showed only the presence of

starting materials.

Preparation of ethyl-2-pyridyl acetate

Prepared by the method of Woodward and Kornfield. -

B.pt. - '120+60°C/60 mm

Lit. B.pt. >0 135-137°C/28 mn
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Preparation of 3-ethoxycarbonyltriazolopyridine (177)

Sodium (5.6g, 0.24 mol) was dissolved in absolute ethanol
(350 ml) under a dry nitrogen atmosphere. To this was added
dropwise ethyl=2-pyridylacetate (40g, 0.24 mol) in absolute
ethanol (100 ml). The solution was kept at a temperature of
15-20°C. Tosylazide (52.5g, 0.26 mol) was added droﬁwiée. The
mixture was stirred for 30 miﬁuﬁéé. After iS minutés a creamy
white precipitate formed. Aféef 30 minutés,water (20 ml) was
.added and the precipitate dissolved, upon addition of a further
amount of water (80 ml), an oii‘séparated out, The mixture Qas
extracted with dichloromethane (4 x 100 ml). The organic extracﬁs
were dried over magnesium sulphate, filtered and evaporated to
yield the product (177) (21.5g, 46%) as a yellow solid.

M.pt. | 110-1110C (absolute ethanol) o

Analysis: Found: C, $6:13%2; H, 4.477; N, 22,242

'C§H9N302'requires: C, 56.54%; H, 4.75%;

\ .

Iy N.M.R. (CDC1,)

N, 21.98%
88.84 ppm, dd, 1H, H7

8.27, dd, 1H, H4

7.57-7.18, m, 2H, HS5 and H6
4.52, q, 24, énz

1.49, ¢tr, 3H, CH3

13C N.M.R. (CDC13) - mﬁltiplicitieé in off-resonance shown
in parenthesis.
§134.711 ppm (s), 125.70 (d), 129.02 (d), 118.98 (d),

116.25 (d) .- triazolopyridine carbon atoms,

160.97 (s), 60.96 (tr), 14.43 (q).



I.R. (CHCL,) v 1730, 1710, 1650 (esterc = 0),
1530, 1070 cm *
U.V. (95% EtOH) A 245 mm (log,ge-3.75)
286 nm (logloe 4.17)

300 nm (sh)
Mass'spectrum, m/e, 191(4)Mf, 186(100), 165(44), 155091),

149(52), 135(76), 123(37), 122(41),
121(30), 119(22), 111(41), 109(4D),
107(100), 95(48),  94(52), 93(57),
92(65),  91(100), 8L(46), 79(52),
78(59),  69(50),  67(44), 65(100),

63(37), 57(80).

Attempts to prepare 3-methoxycarbonyltriazolopyridine (179).

(i) using sodium ethoxide in ethanol as base.

\

Preparation of methyl-2-pyridylacetate

B.pt. 130-150°C/40 ‘mm

Lit. B.pt.15

% 122-125%/21 m
Sodium (0.76g, 0.033 mol) was dissolved in absolute
ethanol (45 ml) undgr a dry nitrogen atmosphere, To this was
added dropwise methfl-z—pyridyl acetate (5g, 0.033 mol) in-
absolute ethanol (10 ml). The solution was kept at a temperature
of 15-20°¢C. Tosylazidg (7.2g, 6.036 mol) was added éropwise.
The mixture was stirred for 30 minutes. As before, a creamy
white precipitate formed which dissolved upon addition of water

(20 ml). Upon addition of more water (80 ml), an oil separated

out. The mixture was extracted with dichloromethane (2 x 100 ml).

138.
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The organic extracts were dried over magnesium sulphate, filtered
and evaporated to yield 3-ethoxycarbonyltriazolopyridine (179)
(1.6g). Continuous extraction of the aqueous-layers gave no more

product, only p-toluenesulphonamide was isolated.

(ii) Using potassium methoxide in methanol as base.

Potassium (1l.3g, 0.0033 mol) was dissolyed ig absolute
methanol (30 ml) under a dry nitrogen atmosphere. To this was
added methyl-2-pyridyl acetate (5g, 0.033 mol) in-methanol (15 ml).
The solution was kept at a temperature.of 15-20°c. Tosylazide
(7.2g, 0.036 mol) was added dropwise. Before addition was complete
a creamy white precipitate formed which dissolved upon addition of
water (20 ml). Upon addition of more water (80 ml), an oil
separated out. The mixture was extracted with dichloromethang
(2 x 100 m1). The organic extracts were hried over magnesium
sulphate, filtered and evaporated to yield a crude product (9.1g).
Trituration of tyis semi-solid with petroleum ether (b.pt. 40—60°C)
gave the salt (150) (2.6g, 24%) as pure qtystals.

M.pt. 141-142°C (absolute ethanol)

Analysis: Found: C, 57.15%; H, 5.73%; N, 4.22%

c, H, ,NO_S: C, 57.02%; H, 5.68%Z; N, 4,15%

1671975
' N.M.RS (CD,0D)
§9.1 ppm, dd, 11, pyfich'.ne‘a-proton
8.0-8.5, m,,‘Qﬂ, pyri&nejs and y protons.
 7.1=7.5, AA'BB' benzene ring protons

4,6, s, 2H, CHZ

4‘3' S, ‘ 3H, ﬁ‘_c}'l3

3.7, s, 3H, COCH

2
2.3, s, 34, CH3

3
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Mass spectrum gave molecular ion at 337 m.u.

- Examination of the oil, left after trituration, by n.m.r.
spectroscopy showed the prescence of very small amounts of the
sait (180) and large amounts of ethyl toluene-4-sulphonate (5.1g).
Acidification of the aqueous layer with 2N hydrochloric acid,
followed by extraction with dichloromethane (2 x 100 ml) drying
over magnesium sﬁlphaté, filtration and evaporation gave some

p-toluenesulphonamide (0.3g).

Independent synthesis of salt (180)

The methyl ester (2g, 0.013 mol) was dissolQed in anhydrous
benzene (15 ml). This solution was added dropwise to methyl
tolueneld-sulphonate (2.46g, 0.013 mol) in anhydrous benzene .

(20 ml). The mixture was boiled under reflux for two hours and
then allowéd to cool overnight. Pink crystals were deposited
which were shown by n.m.r.’speCtroscopy and melting point

determination to 'be exactly the same as the salt (180). The yield

of crystals obtained was 90% (4.0g), m.pt. 139-141%.

(iii) Using lithium diisopropylamide as the base.

To a'stirréd solution of diisbpropylamine (4.6 ml), 0.045 mol)
and Ejbutyllithium (23 m1° of 1.4M in hexane) in ether (40 ml) was
added the methyl ester (5g, 0.033 mol) in ether (80 mls). The
temperature of the mixtu?e was kept at -40°¢C. Upon addition of
the ester the solution went a deep crimson in colour. Stirring
was continued for 4 hours. Tosylazide (6.5g, 0.033 mol) was added
slowly, with stirring. The red colour changed to yellow. The

mixture was allowed to come to room temperature and stirred overnight.
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The mixture was hydrolysed with ammonium chloride in ammonia
(specific gravity 0.880) and extracted with dichloromethane

(4 x 100 ml), The organic extracts were dried over magnesium
sulphate, filtered and evaporated to yield a crude product (6.1g).
This was evaporated onto alumina (25g, IV) and chromatographed on a
columm of alumina (150g, IV). Elution with petroleum ether (b.pt.
60-80°C) gave ethyl toluene-4-sulphonate (1.5g) and benzene-
petroluem ether (b.pt. 6078O°C) (2:3) gave the methyl ester (178)
starting material (0.5g). The remainder of the weight was due to
the salt (180), but this was not eluted from the colummn even

with methanol.

Attempts to synthesise triazolopyridine ( 1 ) by diazo group transfer

'

(i) Using lithium diisopropylamide as base

To a solution of diisopropylamine (7.5 ml, 0.053 mol) and
n-butyllithium (3% ml, 1.39 M in hexane) in ether (20 ml), at a
temperature of -40°C, was add;d 2-methy1p§ridiue (5g, 0.053 mol)'
with stirriné. A deep orange colour developed. Tosylazide (10.5g,
0.053 mol) was added with stirring after 1 hour .the colour
changed to brown., The mixture was allowed to come to room
temperature and stirred overnmight. Hydrolysis with ammonium
chloride in ammonia (specific gravity 0.880), followed by
extraction with dichloromethane (4 x 200 ml), drying over
magnesium sulphate, filtering and evaporation gave a brown oil

(6g). N.m.r. spectroscopy showed only the presence of 2-methyl

pyridine,



(ii) Using phenyllithium as base ‘
A picolyllithium solution Qas prepared (0.1 mol)m150 and
cooled to below 30°C. Tosylazide (19.7 é, 0.1 mol) was added
slowly with stirring. There was considerable,frothing,‘the
ether solvent boiled away, more ether was added. The mixture
was stirred for 30 minutes and then hydrolysed with ammonium
chloride in ammonia (specific gravity 0.880). Extraction with
dichloromethane (5 x 200 m), drying over magnesium sulphate

followed by filtration and é&aporation gave a brown oil (10g)

identified by n.m.r. spectroscopy as 2-methylpyridine.

3-Triazolo([l,5=alpyridinecarboxylic acid (168) .

142.

The ester (177) (2.14g, 0.0l1 mol) was dissolved in ethanol.

(40 ml) and 2N sodium hydroxide (6 ml) was added. The mixture was

heated at 50°C for 1 hour. A white solid was deposited. The
mixture was then acidified with 2N hydrochloric acid, the gPlid
dissolved. Th? mixture was'ex;racted with dichloromethane
(3 x 100 ml) and the organic extracts dried over magnesium .
sulphate, filtered and evaporated to yield thé relatiyelf pure
acid (168) (1.7g, 93%) as a white powder. |

M.pt. 153-155°C (absolute ethanol)

Analysis: Found: C, 51.18%; H, 2.96%Z; N, 25.35%

C.H.N.O, requires: C, 51.54%; H, 3.09%;

77532
N, 25.76%

1y noMLR. (D-DMS0)

9.2 ppm, dd, 1H, H7
8.0, dd, 1H,  H4
7.0-7.7, m, 2H, H5, Hé

8.4, br.s, 1H, OH, Ex.DZO
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I.R. (Nujol Mull) v___- 1680, 1635, 1470 cm

U.V. (95Z7 EtOH) A

143,

C N.M.R. (D6-DMSO) -.multipliciégs in off-resonance shown
in parenthesis.
5161.82 ppm(s), 134.23(s), 128.90(s),
129.87(d), 126.37(d), 118.30(d),

116.69(s)

1
max

Dax 237 am (loglos 3.78)

286 nm (loglos 4,07)

300 nm (sh)

Mass spectrum, m/e, 163(13)M", 149(52), 119(100),

111(37), 108(67), 107(85), 97(43),
o 95(49), - 93(52), 92(65), 91(100),
| 90(100), 81(49), 79(100), 78(100),

77(63), 76(49), 69(59), 67(80),

65(100), 64(100), 63(100); 57(78).

3-triazolo[1,5:alpyridine carbonyl chloride (169). .

The acid (168) (2g, 0.0123 mol) was suspended in anhydrous
benzene (200 ml). To this was added thionylcﬂloride (0.9 ml, -
0.0123 mol) with a few drops of dry pyridine. The mixture was
boiled under reflux for 3 hours. The solvent and excess thionyl
chloride were then removed under reduced p?essure to yiéld a
yellow solid (2.3g) (100%Z) identified bf n.m.r, spectroscopy and
i.r. (1735, C=0) as the acid chloride (169). Further

characterisation was not undertaken.



‘N,N-Diethyltriazolo[l,S5-a)pyridine=-3-carboxamide (162)

(a) wvia the ester (179)

The ester (179) (0.5g) wasrdissolved in diethylamine (20 ml).
This was placed in a Carius tube and sealed. The tube was heated
at 160°C for 7 hours. The tube was then opened and the excess
diethylamine evaporated to yield a black oil (0.5g). The n.m.r;
spectrum of the oil revealed only traces qf the starting ester

(179).

(b) via the acid chloride (169). .

The acid chloride (169) (2g, 0.01l mol) was dissolved in.
anhydrous benzene (190 ml). This was addedrslowly to a cooled
solution of diethylamine (4 ml, excess) in benzene (20 ml) over
a period of two hours with vigorous sti;ring. Thg mixture was
stirred overnight and then shaken with water (2 x 40 ml). The
organic layer Yas‘separgted and the aqueous layer eg;:acted with
dichloromethane (3 x 100 ml). The combined organic extracts were
dried over magnesium sulphaté, filte:ed and evaporated to yield a
brown oil (2.3g, 95%7) later identified as the required_tertiary
amide (162).

M.pt. 31-34°%

B.pt. 200°C/0.2 mm |

Anﬁlysis: Found: €, 60.347; H, 6.60%Z; N, 25.36%

| C11H14N40 requires: C, 60.35%; H, 6.477%;
N, 25.67%

144,



Ly NoMLR, (coet,)

L3 n.mar. (cnc13)

I.R. (CHCI3) v

U.V. (95% EtOH) A

Mass'spéctrum, m/e, 218(l00)M’, 190(37),

§8.70 ppm, dd, 1H, H7?

8.45, dd, 1H, H4&

6.90-7.50, 2H, -HS5 and H6

m,
3.90, br.q, §H, CH,
1.30, tr, 6i, CH, '
- multiplicities in off-resonance shown
in parenthesis

§160.83 ppm (s), 135.67 (s), 133.09 (s),
127.26 (d), 124.86 (d), 120.58 (d),

115.98 (d), 42.18 (tr), 13.82 (q)

145.

o 3500, 1640 (C=0), 1530,
1390, 1380, 1160, 1070 cm -
max 245 nm (logloe 3.89)
277 nm (sh)
287‘nm (logloe 4.10)
305 nm (sh)
175(100), 162(100),
161(100), 147(100), 133(72), 132(22),
131(17),  121(37), 120(100), 119(100),
| 108(44), 107(100), 105(100), 100(28),
193(65),  92(100), 91(100), 90(100),
80(37),  79(100), 78(100), 71(100),
65(83),  63(100), "56(100)
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Lithiation of the amide (162),

Preparation of 7-(a—~hydroxy-p-methoxytolyl)=N,N=-dimethyltriazolo=

{1,5-alpyridine=3-carboxamide (185)

using 2 equivalents of lithium diisopropylamide

To a solution of diisopropylamine (2.56 ml, 0.018 mol) and
Erbutyllithium (14 ml, 1.3M inihexane) in ether (50 ml) at -40°%¢
was added the amide (162) (Zé, 0.0097 mql) dropwise. The mixture
was stirred for 6 hr; at =40°C. The co-reactant, Eranisaldehyde
(1.13 ml, 0.0097 mol) was added and the solution changed colour
from red to yellow immediately. The mixture was allowed to come
to room temperature and stirred overnight. The mixture was
hydrolysed with ammonium chloride in ammonia (specific gravity
0.880). The mixture was then extracted with dichloromethane
(4 x 100 mi). The organic extractswere'dried’over‘magnesium
sulphate, filtered and evaporated to yield a brown oil (4.5g).
This was evapor%ted onto alumina (20g, IV) and chromatographed on
a columm of alumina (135g, IV). Elution with benzene gave the
starting amide (162) (0.2g) and some p-methoxybenzylalcohol (0.1g). .
Elution with benzene-dichloromethane (1:3) gave the disubstituted
triazolopyridine (185) (1.0g, 31%Z).

M.pt. 148-149°C (benzene) -

~_Analysis: Found: C, 63.78Z; H, 6.17%; N, 15.92%
C19H22N403 requires:“c, 64:%3%;‘ H, 6.26%;
N, 15.81%

1
H N.M.R. (CDCl,) &§8.2 ppm, dd, 1H, H4

6.90-7.50, m, 2H, H5 and H6
6.80~-7.20, AA'BB' system of benzene

ring protons
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6.50, br.s, 1H, CH

5.00, br,s; 1H, OH, D,0.Ex.

2
3.90, br.q, 4 H, 'caz
'3.70, s, 3H, OCH,
1.30, tr, 6H, CH3
I.R. (CHCly) v __ 3400 (br, OH), 1630 (C=0), 1540, 1390,

1100, 1040, 850 cm 1

U.v. (9SZ'EtOH) A ax :' 245 nm (sh)
» 280 nm (sh)
290 om (logioe 4.08)
310 nm (loglos 4,08)
Mass spectrum, m/e, 253(100), 241(35), 240(100), 237(37), -
236(38),  221(39), 214(76), 213(100),
206(26), 196(100), 195(22), 186(37);
185(96), ~181(26), 136(33), 134(315.
120(37), = 119(28), -118(43), 117(33),
! 108(19), 105(47).. 93(46), 90(41),
78(33),  77(48),  67(48) .
Using only one equivalent of lithium diisopropylamine (half
the quantities previously used) a brown oil (4.1g) was obtained.
This was evapofated onto alumina (20g, IV) and chromatographed on a
column of alumina (120g, IV). Elution with benzene-petroleum ether
(b.bt. 60—80°C) gave anisaldehyde (0.8g), benzene-petroleum ether
(b.pt. 60-80°C) (3:2) gave thé'starting amide (0.2g) and benzene
eluted Ermethokybenzyi alcohol (O}Zg), No further material was

eluted from the columm.



Synthesis of 4-methoxy-pyridine=2-carboxaldehyde (201)

Prepared by the method of Furukawa164

B.pt. 100-120°¢/0.02 mm

Lit. B.pt. ®* 125-130°¢/25 mm

Preparation of the hydrazone (202)

The aldehyde (2.93g, 0.0214 mol) (201) was dissolved in
methanol (20 ml). To this solution was added p-toluenesulphonyl-
~hydrazide (3.96g, 0.0214 mol) in methanol (30 ml). The mixture
was warmed gently and then cooled in ice. The hydrazone separated
as pink crystals, These were filtered and washed with a small
"amount of cold methanol, and finally dried in a dessicator. The
yield of the hydrazone was 357 (2.3g).

M.pt. 96-98°C (methanol) .

Analysis: Found: C, 54.8%; H, 4.7%; N, 13.92

C S requires: C, 55.1%; H, 4.9%7;

148155393
\ , N, 13.87

Cyclisation of the hydrazone (202)

The hydrazone (2.1g, 0.0068 mol) was dissolved in morpholine

(15 ml) and heated on a water bafh at QO-IOOOC for 1 hr. TheA
excess morpholine was then removed under reduced pressure and the
residue treated with ether. The morpholine sulphinate precipitate
was filtered off and the f%ltraté ev;porated to yield S-metho#y-
~triazolopyridine (203) (0.7g, 6825 as a red liquid which
solidified on cooling.

M.pt. . - 99-101° (cyclohexane)

148.



Analysis: Found: C, 55.84%; H, 4.59Z; N, 28.147

C7H7N30 requires C, 56,37%; H, 4.737; N, 28.187

g waLR. (CDCLy)
8.7 ppm, dd, 1H, H7
7.8, s, 1H, H3
6.6-6.8, m, 2H, H4, H6
3.9, s, 3H, OCH3

I.R. (CHC13) Vnax 2820 (C-H Stretch), 1650, 1550,

1170 (C-0 Stretch), 1020, 810 cm

U.V. (95% EtOH) Amax © 260 nm (logloe 3.94)
267 nm (logloe 3.94)

149.

Mass spectrum, m/e, 149(100)M%, 123(40), 122(44), 121(100),

120(58), 108(14), 107(36), 106(100),
93(80), 92(64),  91(100), 80(160),
79(100), 78(100), 77(36), 76(14),
67(100), 66(100), 65(100), 64(100),

! © 63(100), 62(100), 61(100).



CHAPTER THREE

APPLICATION OF DIRECTED LITHIATION REACTIONS

- TO OTHER FUSED [1,2,3] TRIAZOLE SYSTEMS
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Introduction

From chapter two it has been seen that the directed lithiation
reaction is a very useful synthetic tool for functibnalising the pyridine
ring of triazolopyridine. This chapter describes investigations of the
éossible use of this reaction 'in funétionalising other heterocycles,
notably the [1,2,3]triazolopyrimidines and -pyrazines. The syntheéis‘
aqd chemical behaviour of these syétems will now be reviéwed. The |

'[1,2,3]triazolo[1,5—b]pyridazine system will also be discussed.

3.1. Review of the synthesis and chemistry of [1,2,3]triazolopyrimidines,

pyrazines and pyridazines

(a) [1,2,3]Triazolo[1,5-b]§zzjdazine (213) -
) 4
5 AN
. ! (213)
G\N/N

The only"& representative of this system was obtained by Evaps,
Johns and Markha 165.7 When the oxime (210) was treated with excess
hydrazine, 3,6=-diphenyltriazolo[l,5-b]pyridazine (211) was obtained in
45% yield together with the hydrazone (212).

Y

i ~ Y | - Ph
C4HCO~C~CH, CH, CO~C B . - "‘Pd  Fh ,,PJ
65 f 22 65 —> s |
ot NN P

(210) . “ (211)
F&N‘I N
(212)
.The biciélic compound was also obtained if oni} one equivalent of

hydrazine was used and if acetic acid was used instead of hydrochloric

acid in the cyciisation step.
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() (1,2,31Triazolo(1,5~alpyrazine (214)

This heterocycle has been synthesised by Wentrup28 by thermolysis
of 5-(2-§yraziny1)tetrazole (215) at lsOO"C/lO"5 min, This is the only

synthesis available to date.

E ]\/N '-N m/

N\ o .
(215) ;ﬁ o (214)

R 4

' The heating of compound (214)‘in DZQ ac'100°c caused exchange of three
protons, By monitoring the reaction By N.M.R. spectroscopy the relative
rates of exchange were determinéd: H7 > H3 > H@.‘ The approximate halfQ'
-1i0e§ at 100°C'were ti = 24h for H7, t& = 40h fof H}, and ti * 50h

for H4.

O
o

%
\
XZ

o</
2
4

NZN= 0O N

The fastest exchanging proton H7 of compound (214) finds a parallel in

H5 of tetrazolo[l S-alpyrazine (216), which exchanged rapldly in DZO

y1e1d1ng compound (217) (tl = 12h at 94 C) 166
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Ee) [1,2,3)Triazolo(l,5~c]pyrimidine (220)

4 3

)

N N
7

This compound has been synthesised using A-pfrimidinecarboxaldehyde
dimethylacetal (218).167 The hydralysis of compound (218) with aqueous
sulphuric acid proved difficult and attempts to isolate the aldehyde
resulted in its decomposition. Nevertheless the hydrazone (219) was
prepared without isolating the aldehyde. By treatment with lead tetra-

\ S

acetate in benzene at room temperature, the hydrazone (219) reacted almost

immediately giving the triazolopyrimidine (220).

= C:Pi(()mﬂEQ L = | L. —

—an N ;T N A
(218) R - (219) (220)
(i 1. E,0

i)y 2. NH,
(iii) Pb(_OAc)4
Attempts to obtain evidence for the existence of the diazo tautomer

(221) failed.
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2 7
wa—_—m+ |

(220) (221y ~
The I.R. spectra in chloroform solution or in the solid state showed
no absorption between 2000 and 2200 cm.l (diazo gp) thus ruling out the
presence of the tautomer (221) under these éonditions. f?ifluoroacetic
acid is known to favour the open-chain tautomér in the azidoazine-tetra-
zoloazine isoﬁerisatioﬁ which is similar to the equilibrium (220) =

8

(221).16 However, upon addition of traces of trifluroacetic acid

to a solution of compound (226) in dimethylsuphoxide or in chloroform
the covalent hydrate (222) was formed instead of the expected diazo

tautomer (221).

“
[

‘} H-N YN < @@

(d) [1,2,3]Triazolo[1,S-a]pyrimidine‘ .

7

Heating the 4-substituted-S-amino-lﬂrl,2,3-triazoles (223a,b)

and acetylacetone with piperidine in ethanol gave the [1,2,3]triazolo-

(1,5-a]pyrimidine derivatives (224a,b) in high yie14,169’17°
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ANH R R?
o — "0
Fz-ﬁl‘ﬁd, ‘ - . N ‘fd/

(223) e
gt g% g3 (224)

a; H Ph H

by ® CONH,, H

Opening of the triazole ring in the triazolopyrimidine (224a)
occurs in hot glacial acetic acid alone or in the presence of acetyl
chloride, or in trifluoroacetic acid, yielding the 2-substituted

pyrimidine derivatives (225a), (225b) and (225¢) respectively.

b; CL

In contrast, heating the amide (223b) with acetylacetone in glacial
acetic acid yielfs the triézOIOpyrimidine derivative (224b),'ﬁhich is
stable to prolonged treatment withracetic or trifluoroacetic acid. |
This reactivity of theitriazoie.ring towards acidic reagents can be

explained by the formation of a diazonium cation such as structure

(226) and
H Ph

4oL

X N N/

(226)

. reaction of the derivéd'carbonidm ion with tﬁe solvent. Ring opening
also occurs.when these systems afe freéted ﬁith‘halogenating égents.171
When 5,7-dimethyltriazolo[l,5-a]pyrimidine (227) was treaté& with

N—btomosuccinimide (NBS) or bromine in dichloromethane, Z-dibrbmbmethyl-

=4 ,6-dimethylpyrimidine. (228) was the major product.h.
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Me/)kfﬁg N.B.S. @e,)ﬁTCHBQ

x> N<N or Br, A
Me ' Me
(227) . (228)

Similar results were obtained using N-chlorosuccinimide (NCS). Again

the possible existence of a diazomethane tautomer is obvious.

Tennant172 has demonstrated simple examples of diazoalkylidene-

amine-1,2,3~triazole equilibria in a fused system by variable temperature

IH n.m.r, studies of a series of [1,2,3]triazolo[l,5-alpyrimidines.

7 =«

The triazolopyrimidines (224a,b) and (229,c,d) all lacked I.R. diazo

\ .
. -1

absbrption at ca. 2200 cm ~ demonstrating that at room temperature they

exist entirely in the fused triazole form.

' (224a), RY = Me, R? = Ph

2
N V)\] ' (224b), R: = Me, RZ CONE,, -
S AN~/ | |

(229¢), R* - CONH

¥
=
]

1

- (2294), R Ph

(]
=
L
o

"

- At room temperét;re, thé IH n.m.r. spectrum of aﬁide (229¢) exhibited three
doyble doublets centred at 89.64 ppm, 68.98 ppm and 87. 46 ppm. However
the low field doublets changed progressively on warmlng and ultlmately
coalésced at IOOOC, before sharpening up to a doublet centred at §9.03

ppm (2H). The high field doublet of doublets coalesced likewise and

eventually emerged as a triplet centred at §7.26 ppm. These changes
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which reversed completely on cooling may be attributed to the rapid

interconversions (A $= B =2C) at elevated temperatures.

2 R'Z
q R d 'J“\]"J\-
Ty e T e
NN NN
R? N =N N !
S
A RN R? / B
| _N
1
C

These suggestions areAsupported by the appearance of I.R. diazo
absorption at 2100 cm.1 in a sample of compound (230) kept at 80°¢c

for 20h.

N CONH,
CHOC N (230)

Cas phase thermoaysis of 5,7-dimethy1-3—pheny1criazolotl,S-a]pYrimidine
(224a) results in two products, 2,4~dimethyl-5H-pyrido[3,2~b]indole
(231; 14%) and 2,4-dige;hylpyrimido[z,1~a]isoiQdole (232; 120).%°
The formation of compounds (231) and (232) in tﬂe thérmolysis demonstrates
that the derived phenyl-2-pyrimidylcarbene (233) can undergo expansion of
both the pyrimidine and benzene rings. The latter (route b) is
favoured by a factor of approximately 5. See figure 3.1.

The triazélopyrimidine riﬁg system can also Se synthesised by
treating the diamine (234) with.chhlorobenzeneéulphonyl a;ide in
acetoniﬁrile for 7 days at room temperature t&zgive compound (235)

in 35% yield.173
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(233)
}&ute b

Me@@ | Meé}@
L
]

N
Me H
(231) (232)

Scheme 3.1
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H V N ) PR
: : //
(\ NO’Z - ) " ; o
(234) |
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Discussion
The first system investigated was [1,2,3] triazolo[l,5~c]pyrimidine

167 ;1 607 yield.

(220). This was prepared by the method of Maury et al.
It was thought that the peri-mitrogen atom N1 might direct lithiation to
position 7. This lithiated species (236) could then undergo reaction

with various electrophiles in a manner similar to triazolopyridine (1).

MN RLi (/\4)\, AW
N AN N%,/N‘N/ | N§/N <
7~—F6 Li E
(220) (236)

Lithiation of compound (220), under the same conditions as those used
for triazolopyridine, with lithium diisopropylamide as base (reaction
time ~ 6 hours and a reaction temperature of -40°C), failed to give any
of the expected product (237) using anisaldehyde as co-reactant. Only

starting materials were recovered,

\ m
| N
OH

Hé
OMe

However triazolo(l,5-c]pyrimidine does react with bromine to give the
174

(237)

previously synthesised 4-dibromomethylpyrimidine (238) but in a

far greater yield (70%).

D Brz /\l CH Bl‘z
N . l
m Ll N v\l

%/N
(220) (238)



160.

Triazolo([l,5-a]pyrazine (214) has only been synthesi;ed by
thermolysis of 5(2—pyrazinyl)tetrazole.28 A much more effective
synthesis was devised using 2-pyrazinecarboxylic acid. The reaction

sequence is shown in scheme 3.2.

[/Nﬂ HC1/MeOH [ 1 LlAlH
S\~ COOH COMe

- (239)
/N | NH, N Pb(0AC),,
Ol G
N-"CHO N“C=N-NH,
(240) (241)
NMN
N

(214) Scheme 3.2 -

Pyrazine-2-carboxaldehyde (240) ﬁas synthesised by a known pfocedure,

involving a selective reduction of the methyl ester (239) using lithium

175 The methyl ester was easily prepared

from 2-pyrazinecarboxylic ;cid.176 The yield of pyrazine-2-carbox-

aluminium hydride at =70°C.

aldehyde obtained was only 12Z. However some difficulty was encountered
in separating 2-pyrazinecarboxaldehyde (b.pt. 51°C/3 mm) from the methyl
ester (b.pt. 59°c/0.01 mm). Partial separation was achieved using a
'spinning band' distillation column. .
Reaction of 2-pyrazineca£boxaldehyde with hydrazine ﬁydrate gave the
hydrazone (241) which on oxidation with lead'tetraacetate gave the
triazolopyrazine (214) in 782 yield (from 2—pyrazinecarboxa1d§hyde).

Again the possibility arises that the peri-nitrogen atom N1 could direct

lithiation to position 7 of the triazolopyrazine system.
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N//

Sra K/“f“ - V“

Initial experiments with lithium diisopropylamide as base have failed
to achieve any lithiation at position 7. Anisaldehyde was again used
as co-reactant. Only starting materials were recovered, Dr. Belen
Abarca in Spain177 has applied this lithiation reaction to [1,2,3]tri-
azoloquinoline (242). It was thought that the peri-nitrogen atom N1

might direct lithiation to position 8 on the quinoline ring.

However lithiation of compound (242) using lithium diisopropylamide
at -40°C, followed by quenching with aldehydes and ketones such as
anisaldehyde, acetone and acetaldehyde gave 3~substituted triazolo-

quinolines (243) not 8-substituted derivatives.

1
-
2 2
I\‘l~\ R a; R =Cd,;, R =CHy
N‘N Ol"‘ b; Rl = H, Rz - CH3
(243) ¢; RN =H, R® = 4-MeOCH

6 4



This is another example where the lithiating agent removes the most
acidic proton, thus the 'acid—béée;rmecﬁénism is operative (see
chapter two) as opposed to the ;coordindtioﬁ only' mechanism of
lithiation. | |

An interesting case that has yet to be inveétigate& is

[1,2,3]triazolo[1,5-a]lpyrimidine (244).

' )\Jﬁ\l | (244)

NN

In this molecule there are two nitrogen atoms (N1 and N&4) which both

have lone pairs of electrons. - Directed lithiation could hence occur

either at position 3 or position 7.

162.
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- Experimental

Preparation of [1,2,3]Triazolo[l,5-c]pyrimidine (220)

Prepared by the method of Maury and Paugam167 in 607 yield.

M.pt. . 130-132°% (benzene~petroleum ether (b.pt. 60-80°C))

167

Lit. m.pt. 130-131°C (benzene-petroleum ether)

Lithiation of [1,2,3]Triazolo(l,5-c]pyrimidine (220)

A solutioq of n~butyllithium (8.7 ml of 1.44M in hexane;
0.0125 mol) was added to diisopropylamine (1.86 ml, 0.0125 mol) at
-40°C under an argon atmosphere. A solution of triazolo[l,5-c]pyrimidine
(220) (1.5g, 0.0125 mol) ig dry ether (60 ml) was added with stirring
which was continued at -40°C for 6h during which time a deep red colour
developed. Anisaldehyde (1.52 ml, 0.0125 mol) was added and the
colour changed to yellow. The mixture was allowed to come to room
temperature and stirred overnight. The mixture was then hydrolysed
by a solution of aﬁmonium chloride in ammonia (specific gravity 0.880).
The hydrolysed mixture was extracted with dichloromethane (3 x 100 ml).
The organic extracts were dried over magnesium sulphate, then filtered
and evaporated to yield a .brown oil (2.8g)." N.M.R. spectroscopy
revealed only the presence of starting materials, triazolopyrimidine

and anisaldehyde.

Preparation of 4—dibromomethylpyrimidine (238)

This compound has previously been prepared by Brown gg'gl.174

All spectral data was recorded but no b.pt. given.

The triazolopyrimidiﬁe (1g, 0.0083 mol) was dissolved in
dichloromethane (25 ml) and cooled to 0~5°C, and bromine (0.38g,
0.Q083 mol) was added dropwisé. Stifring was continued after the

addition was complete (lh). The solution was shaken with aqueous

**
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sodium hydrogen carbonate, then water, and dried over magnesium

sulphate. Filtration and evaporation gave the dibromomethylpyrimidine

(1.5g, 707), (238).

Preparation of 2-methoxycarbomylpyrazine (239)

Prepared by the method of Hall and Spoerril76 in 817 yield.

M.pt. . 59°¢

Lit. m.pt.”6 59°¢

Preparation of pyrazine-2-carboxaldehyde (240)

Prepared by the method of Rutmer and Spoerri”S in 127 yield.
B.pt. 51°C/3 mm
tit. b.pt.t’> 59°¢/6 m .

Preparation of the hydrazone (241)

- The aldehyde (240) (l1.6g, 0.0148 mol) was dissolved in water
(10 m1). To this was slowly added hydrazine hydrate (10 ml) in water
(20 ml). - The mixture was allowed to stand for 24h. It was then
extracted withIAichloromethane (4 x 100 ml), the organic extract was
dried over magnesium sulphate, filtered and evaporated to give the
hydrazone (241) as a white solid in 787 yield (1.4g).
M.pt. 88-91°¢ (cyclohexane/benzene)
Analysis: Found: C, 48.607%7; H, 4.95%; N;'46.12?.
C,HN, requires: €, 49.17%; H, 4.95%; N, 45.887.

Preparation of (1,2,3]Triazolo[l,5~a]lpyrazine (214)

Lead tetraacetate (5g) was dissolved in anhydrous benzene (100 ml)

- and kept under a dry nitrogen atmosphere. To this was added the
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hydrazone (241) (1.2g, 0.0098 mol) in anhydrous benzene (200 m}).
The mixture was étirred for 20 minutes. The benzene was removed
under reduced pressure to yield a brown oil (5g). This was quickly

passed down a column of alumina (100g, IV) using dichloromethane as

eluant. Triazolopyrazine (214) was obtained in quantitative yield

(1.2g).
M.pt. 123-125°¢ (cyclohexane/benzene)
Lit, m.pt.28 126—12.65°C (ethyl acetate)
All spectral data recorded by Wentrup apart from the'13C data.

};C N.M.R. (CDC13) - multiplicities in off-resonance shown in parenthesis.
143.16(d), 131.42(d), 122.15(d), 116.62(d).

No quatermary carbon atom visible.

Lithiation of [1,2,3)Triazolo(l,5-alpyrazine (214)

A solution of n-butyllithium (5 ml of 1.3M in ;exane, 0.6066 mol)
was added to diisopropylamine (0.94 ml, 0.0066 mol) at -40°C under an
argon atmospéere. A solution of tria?olo[l,s—ajpyrazine (214) (0.8g,
0.0066 mol) in dry ether (60 ml) was added with sti;ring which was
continued at -40°C for 6h during which time a red-brown colour develoégd.

Anisaldehyde (0.81 ml, 0.0066 mol) was added. The mixture was allowed

to come to room temperature and stirred overnight. The mixture was

3 L2

then hydrolysed by a solution of ammonium chloride in ammonia (specific
~gravity 0.880)., The hydrolysed mixture was extraqted with dichloro-
methane (4 x 100 ml). The.ofganic extracts were dried over maénesium~
sulphate, then filtered and evaporated to yield a brown oil (1.5g).
N.M.R. spectroscopy revealed only the presence of starting materials,

triazolopyrazine (214) and p-anisaldehyde.



CHAPTER FOUR .

THE SPECTRAL PROPERTIES OF SUBSTITUTED TRIAZOLOPYRIDINES
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g vk
4 3
® o ~—N
: V4
6 7\ ~N (126a-h)
1
R—-C—-0OH

'In the synthesis of the triazolopyridin-7-yl methanols (126a-h)
the site of lithiation and hence the position of the new substituent
wag established by IH N.M.R. spectroscopy. The N.M.R. spectra of the
methanols (126a~h) exhibited a loss of the broadened doublet of déublets
at §8.7 ppm dué to H? and a loss of the long range coupling (J = 1 Hz)
shown by H3 coupling with the epi-proton H7.

In most cases the effect of the substituents on the proton 'shifts
on the triazolopyridine moiety are negligible. Two noteworﬁhy exceptions

are the following:-

- (1264)

-

NO,

In this molecule the resonance due to HG is moved downfield from

§7.0 ppm (in unsubstituied triazolopyridine (1)) to §7.9 ppm. All the
other proton resonances show a less marked downfield shift, In most
of the other cases the qg(OH)“resonancesboccur in the region of .
86.1-6.5 ppm, in this mbleculé however the resonance occurs at §6.9 ppm.

All these effects are due to the'strqngly electron withdrawing power of

the nitro group.
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7 Y=
s~ _N \"\{/ (126g)
Ph OH

Ph

'
The N.M.R. spectrum of this compound exhibits a doublet of doublets at
86.32 ppm with the coupling constants J6.95 Hz and J1.2 Hz. Both these
coupling constants are consistent w{th resonance being‘due to H6. The
6,5 = 6,95 Hz and J5,4 = 1,2 Hz. 1In
triazolopyridine'(l) these coupliﬁg constants are J6 5 = 6.5 Hz and
?

coupling constants are thus J

J6,4 = 1.25 Hz. However relative to triazolopyridine (1) the resonance
due to H6 is moved upfield to §6.32 ppm from a normal value of &7.0 ppm.
This can be explained by remembering the effects of the ring curreat (Y)
on the phenyl substituents., - Along éhe sixfold axis of_the benzene ring,
the extra magﬁe:ic field‘produced by the ring current opposes the applied
field, giving a high field shift. Conve;sely,'at the proton (X,Z) on
the benzene Ling,‘thering current field ad&s to the extermal field

giving a low field shift. y (shielding)

: X (deshielding)
:; g_/ 7 z (desh1e1d1ng)

Thus proton H6 must be experiencing a shielding effect from the phenyl

~

substituents. The arrangement of the phenyl groups must be as shown.
NN
HO
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In the secondary triazolopyridin=7-yl methanols (126b,c) some

coupling between the hydroxyl proton and the a=-proton was present,

JCH(OH) = 4.5 Hz. In the tertiary triazolopyridin-7-yl methanol
(126h) the vinylic coupling constants are
. A
,//ﬁ: ====C:\\\
H; H,

JAB(gem) = 0.85 Hz, typical values =3 to +7 Hzl78

Tuo(cis) = 10.62 Hz, typical values 3 to 18 Hz

J,c(trans) = 16.70 Hz, typical values 12 to 24 Hz

o (168). R = OH
A \'(f
| (177), R = OEt

Vo o (162), R = N(z:)z

- The N.M.R. spectra of the 3-substituted triazolopyridine showed

. a-loss of the singlet at §8.0 ppm due to H3. In all cases the

resonance due to H4 was moved downfield, the shift was typically 0.6 ppm
(87.7 ppm + §8.3 ppm). All thé other resaﬁaﬁces Qére moved d;;nfield |
but to a lesser extent. “This effect is due to the deshielding ability

of the carbonyl group. This effect is also observed in the ketone (139).

N
2

as39)



The resonance due to H6 is moved downfield to §7.9 ppm, a shift of

0.9 ppm relative to unsubstituted triazolopyridine.

Again all the

other resonances were moved downfield but to a lesser extent.-

13C N.M.R.

The 13

reported179

%
table 4.1,

4 3
7
5 (" 9;~ pd
6 ' N\K]/
7
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C N.M.R. spectrum of triazolopyridine has been previously

and the chemical shifts and assignments are preseanted in

.faﬁla 4.1,

- ¢3 c4 cs c6 c7 Cla
118.7 | 116.1 | 126.1 |116.1 | 126.1 | 134.5
* recorded in acetone = D6

However chemical shifts and assignments carried out during the course

of this research differ from those previously published.

N.M.R. spectrum of triazolo[l,S-a]pyridine (1) was recorded in acetone—Ds,

benzene-—D6 and in CDC1

3.

179

The

c

- The acetone solution gave the least useful

results because of overlap in the signals. Most of the measurements

were made with solutions in CDC13. The chemical shifts are recorded

in table 4.2.

Multiplicities
in off-resonance

The signal at §133.32 ppm appears as a singlet in the 'off-resonance’

Chemical shifts § values ppm

spectrum and is obviously due to the quaternary carbon atom, C7a.

The preparation of 3-deuter£otriazolopyridine28

of shift to carbon atom 3.

In the fully decoupled spectrum of

115 | 117.6 | 124.7 | 125 | 125.2 |133.32
. d d d . d d s
Table 4.2.

led to the assignment
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3=-deuteriotriazolopyridine the éignal at §125.2 ppm is missing

(assigned as 6§118.7 ppm in the previous report129

). In 7-deuterio-
triazolopyridine (125) the missing signal is that at §124.7 ppm; .

this peak is noticeably smaller than the others in the fully decoupled

' spectrum of triazolopyridine (1), (presumably due to the nuclgar
quadrupole of the neighbouring nitrogen atom). The assignmenﬁ of

the remaining three signals depends on an inspection of the coupling
constants (table 4.3) for triazolopyridine (1) and 7-deuteriotriazolo-
pyridine (125). Both the fu}ly coupled spectra are reproduced ﬁere.
The spectra were performed at a frequency of 100 MHz by Dr. C.H. Spencer

at the University of Sheffield.

: Chemical T Al; in Hz3 A
Compound shift ppm {  “JCH JCH JCH JCH
Triazolopyridine (1) 125.2 184.33 - - -
125.0 174.56 7 1 -
- 124.,7 172.73 - - -

117.6 170.90 7.6 { 1.2 -
115.0 167.85 7.5 1.2 1

133.34 - - | - -
7-deuteriotriazolopyridine | 125.23 189.20 - - - -
(125)\ 124.96 |175.17 | - | 1 -

! : 117,60 170.59 7.5 | a1l -

114.87 | 167.80 | 7.5 | w1 -

Table 4.3.

In a 1st order spectrum, the coupling constants each carbon resonance

should show are given below.
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Triazolopyridine
4
Ch IJCH, ZJCH, 2x(3JCH), I
cs lJCH, 2x(2JCH), 3JCH
c6 : ]'JCH‘, 2x(zJCH), 3JCH
1 2. 3 4
7 b, Zg Vg Y

The resonance due to C7 shows no coupling constants except 1JCH, this
is probably due to the proximity of the nitrogen atoms nuclear
quadrupole, which results in a broadening of the resonance.

7-Deuteriotriazolopyridine

L1 2 3
Ch : T oy 2x( JCH)
! 2
cS : JCH, 2x( JCH)
L1 2 3 .

From this analysis, the assignment of the resomance due to C5 is possible.
From the spectrum of 7-deuteriotriazolopyridine, it can be seen that

there is no 3J coupling (&7 Hz) in the resonance at n §125.0 ppm.

CH

This resonance must be due to CS5. Distinguishing between the resonances

due to carbon atoms 4 and 6 is a difficult task because the coupling

constants involved (ZJCH and 4JCH) are of a similar magnitude (& 1 Hz).

In 7-deuteriotriazolopyridine the ZJCH
. \ :
carbon 6 would be missing, but also the 4JcH coupling of the resonance

coupling of the resonance due to

due to carbon 4 would also be missing. Thus coupling constants cannot
be used to distinguish between these two resonances, Selective decoupling
experiments failed. The only solution wés to synthesise either 4=, or
6-substituted triazolopyridines.

Early attempts to synthesisg S—ﬁethyltriazolopyriding_from

4~methylpyridine-z-carboxaldehydelso

failed. It was thought that a
substituent at position 5 would emable us to assign the resonance at
either position 4 or 6, as mentioned, the coupling constants cannot be

used to distinguish between the resonmances.
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Mr, J. Young of Croda Synthetic Chemicals supplied a sample of
8-0x0-5,6,7,8-tetrahydroquinoline (245). This readily reacted with
_ p-toluenesulphonylhydrazide to form the hydrazome (246). . It can be
seen that cyclisation of this hydrazone would give a 3,4?disubstituted -
triazolopyridine (247) which might be used to complete the assignment

for carbon atom 4.

(Lo — (LI —CL)

N-NH-Tos N— N
(245) - (246) (247)

However heating the hydrazome (246) in morpholine did not give emnough
product for any characterisation or N.M.R. studies to be undertaken.
The only certain method of assigning the_resonapces due to C4
and C6 is to prepare the cotresponding deuterio derivative. Attempts
at preparing S-deuteriopyridine-z-cerboxaldehyde (248) are currently
under way at these laboratories. The reaction of this carboxaldehyde
with p-toluenesulphonylhydrazide followed by heating the hydrazene (249)

in morpholine would give 6-deuteriotriazolopyridine (250).

‘r

by# | \? N~ | | AN\
— /
SNACHO “eagH - 0N
H Tos '
(248) . (249) (250)

Mass Spectra

The mass spectrum of triazololl, S-a]pyridine (1) has been

reported29

Apart from a stroung molecular xon, the ptlnc1pa1 feature
is a peak at 91 m.u. due to a CH SN radlcal ion. Thls 1on, or inter-

converting ions, which is obtained from many other compounds, hetero=-
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cyclic and non~heterocyclic, has been studied by the technique of

collision induced decomposition (EID)IBI.
+
¥ .:——]T :N:
w,  ANCHI_ L
—_—y | N ~—
>~ N
m/e 91
t :

Several accurate mass spectra of the triazolopyridin=7-yl methanols were

obtained from P.C.M.U. Harwell, and their fragmentation pathways

observed in more detail. The following compounds were investigated

(126g),
(126a),
(1262),
(1264),
(155),

(126£),

In most cases,

Wwoowm W W™ W W
]

PhZC(OH)

37C7Ht30H(OH). \'
4‘MeOC6H4CH(OH)

4—NOZC6H4CH(OH)

4-M90C6H4CH(0H)CH2

(Cgiy )08

the most frequent fragmentation pattern was that due

to loss of molecular nitrogen from the molecular ion in a manner similar

to the parent compound, gi?ing ions of the general structure
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(251 a-f) - etc.
R
Table 4.4

Compound R M- NZ.J m/e |7 Relative
: intensity

(a) PhZC(OH) | | C19 15No,k273 37

(b) n-C7H130H(OH) 014H21N0 219 6

(c) . b= MeOC6H4CH(0H) 14313N02’ 2%7 4
(d) b NOZMeOCGH%CH(OH) €y 4H; gN,04s 262 3 -

(e? 4 MéOCGHACHFOH)CHZ- C15H15N02, 241 5

(£) (C¢H, ,)OH c12 1SNO, ;89 6

Fragmentation of the side chain then bégaﬁ ‘with an initial loss of

17 m.u, (=OH) from the ioms c251)

way observed in compounds (126c), (1264), (126f) and (126g) involved

the loss of a CHNZO fragment.

(1264) and (126f) this is the maJor pathway.

is the follow1ng rearrangement,

O

-HCN |
qi) and NO PJ
)
RECH
§1
(253)

AN
2
R-C+
41
R

An alternatlve fragmentatlon path-

In some cases, notably compounds (126c),

One possible explanation

PR N,
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Rearrangement of the molecular ions leads to a species (252). Loss
of HCN and NO gives a carbonium ion (253).

Table 4.5 shows the relative intensities of these ions.

Comp. M - CHN,0, w/e | Rel. int. Z
(126c) | C ,H N0, 198 74
(126d) °1zH9Né°z’ " 213 38
(126g) ClaﬁIANO’ 244 3
(126f) cnuuno', 160 | - 12

. Table 4.4

These results are rather surprising, because for compounds (126f) and
(126g) loss of HCN and NO would give tertiary carbonium iéns which would
be more stablerthan thé secondary carbonium ions formed By'éompounds
(126c) and (1264). Thus for compounds (126f) and (126g) this pathway
would seem the more favourab1§, although it can be seen as oaly a
minor pathway., Compound (125d5~has an electron withdrawing nitfo grOuﬁ
on the phenyl ring, this would be expected to further destabilise the
secondary carbonium ion, whilst the methoxy group om compound (126¢)
would furthﬁr stabilise the carbenium ion.

Molecular ions or fragment ions containing various numbers of .

bromine atoms give rise to isotope patterns. These patterns should

be visible in the mass spectra of the dibromomethylpyridines prepared..
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= | |

R\~ "CHBry

(147¢), R = HC(OH) 4-1e0C
(147g), R = C(OH)Ph, |
(156), R = cnzcacou)a-n'eoca

674
(134), . R .= Br

For the dibfomomethYlpyridines (147¢ and g,‘156); containiﬁgvtwo bromine

atoms the following pattern should be observed

11

For compound (134) which contains three bromine atoms the expected

pattern would be

[1]]

All the peaks are spaced two mass units apart.

For compound (147¢) no molecular ion is visible and nowhere in the
spectrum is ?he expected isotope pattern observed. For compound (147g),
the ion due to [Mf - 17(0H)] shows the expected pattern with peaks at
413, 415 and 417 m.u. No moleéular ion is observed. For compound
(156), the ion due to [Mf - CBH302(137)] shows the expected pattern with
peaks at 262, 264 and 266 M.U. This ion is probably due to the following

fragmentation.
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pZ l IT | /[f§>i]l .
~ + - H=C-
N HBr, -+ N -~ CHBr, : H=G-CH

CHa CH,’
H-C-CH
7 | OMe
m/e 266, 264, 262, _ :
Me

Compound (134), which contains three bromine atoms, gives no molecular
~ion. ' 4=dibromomethylpyrimidine (238) gives a strong molecular ion

(Mf 223) which exhibits the expected isotopic pattern.

——
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Experimental

Reaction of 8-oxo0-5,6,7,8-tetrahydroquinoline (245) with

p-toluenesulphonylhydrazlde

The ketone (245) (0.5g, 0.0034 mol) was dlssolved in methanol
(5 ml). To this was added a solution. of Bftoluenesulphonylhydrazlde
(0.63g, 6.0034 mol) in methanmol (15 ml). The mixture was then boiled
_ gently under reflux and cooled in an ice bath. Pink crystals were
deposited, these were filtered and washed with a small quantity of cold
methanol. The yield of the hydrazone was 76% (0.8lg).

M.pt. 173-174°C (methanol) |

Analysis: Found: C, 60.30%; H, 5.18%Z; N, 13.252

16 17N3OZS requlres. C, 60.447%; H, 5.432; N, 13.33Z

Attempted cyclisation of the hydrazome (246)

The tosylhydrazone (0.7g8) (246) was dissolved in morpholine
(40 ml) and heated on a water bath at 90-100°C for 90 minutes. The
excess morpholine was then remo;ed under reduced pressure(and the residue
treated with ether. A yellow solid was deposited. This was filtered.
The filtrate was evaporated to yield‘a yellow oil (O,ﬁg). T.L.C.
indicated th; presence of 3 products (eluant ethylacetate-toluene 1:1).
P.L.C. using etﬁylacetate—toluene (2:3) as eluant gave 3 bands. The
first band (Ré O.Z).was shown by N.MfR, spectroscopy to be gnreacted
hydrazone (246) (O.lg), the second ﬁand (Rf 0.33) was shown by N.M.R.
spectroscopy to be possibly the product (247) (50 mg). However further

purification was not possible. The final band (Rf 0.4) gave

unidentifiable oils.
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