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"Three passions, simple but overwhelmingly strong, have governed my life: the long

ing for love, the search for knowledge, and unbearable pity for the  suffering of 

m ankind."

(From  the A utobiography of Bertrand Russell, Prologue).

T o  m y  Fa t he r .
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A b s tra c t ..

Synthetic  routes to the preparation of l-(2 -p y r id y l)-3 -b u te n -2 -o n e  (53) and

l - (2 -pyr idy l )-S -bu tyn-2-one  (54) have been studied. W hilst it was found th a t  these 

com pounds could not be prepared using our m ethods, several new 2-pyridylalkanol 

derivatives were synthesised using the reactive species 2-p icolyl-lith ium . This 

m ethodology allowed access to  l - (  2-pyr idy l)- l -buten-S-yne  (48) and l - ( 2 -  

p y rid y l)b u ta -l,3 -d ie n e  (50) and these were reacted w ith nitrile oxides to  give a  

num ber of new isoxazoles and isoxazolines. Ethy l  5-[2-(2-  

pyridyl)ethenyl]isoxazole-3-carboxylate  (45) was converted to  the 3 -am ino deriva

tive using a C urtius rearrangem ent.

It was found th a t these pyridoisoxazole stilbene analogues did not undergo oxi

da tive  photochem ical cyclisation to the corresponding tricycles. A sim ilar result was 

obtained  for 4~[2-(2-pyridyl)ethenylJ-2- thiazolamine  (41), which was prepared 

from  the  novel chlorom ethylenone (113). Thus, access to  a range of novel heterocylic 

stilbene analogues has been dem onstrated .

An extensive study of the  reduction of the pyridyl portion and the unsatu ration  

in the  ethenylth iazolam ine (41) was undertaken. The pyridines were reduced by 

quatern iza tion  w ith alkyl halide followed by tre a tm e n t w ith sodium  borohydride. 

A lthough hydrogenation was com plicated by the su lphur atom  in the  thiazole 

m oiety, d i-im ide and sodium  hydrotelluride were found to  be effective for th is pur

pose. As a result of this work several new 2 -su b stitu ted  tetrahydropyrid ines have 

been prepared and their struc tu res elucidated using various high field n.m .r. tech

niques. It has been shown th a t  the size and type of the N -  and 2-pyridyl substi

tu en ts  determ ines the  position of the double bond in the tetrahydropyridyl ring fol

lowing sodium borohydride reduction.

A novel palladium  m ediated alkene-aryl coupling reaction betw een styrene
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(154) and 2-th iazolacetam ide (158) has been dem onstrated , and th is may find use in 

fu ture synthetic  work.
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A bbreviations.

Ac Acetyl.

Ar Aryl.

AM P Adenosine m onophosphate.

A T P  Adenosine triphosphate.

t-B u  T ertiary  butyl.

C l Chemical ionisation.

CNS Central nervous system .

COSY Correlation spectroscopy.

m -C P B A  m -Chloroperbenzoic acid.

CRM  Circling R at Model.

DA Dopamine.

DBU l,8-D iazabicyclo[5.4.0;undec-7-ene.

DCC 1,3-D icyclohexylcarbodi-im ide.

SH Proton chemical shift in parts per million.

8C Carbon chemical shift in parts  per million.

DM F A ,A -D im ethylform am ide.

DMSO Dim ethyl sulphoxide.

DN P 2,4-D initrophenylhydrazine.

D O PA  3,4-Di hydroxy phenylalanine.

E l Electron im pact.

E t E thyl.

eV Electron volt.

EPS  E xtrapyram idal side effects.

Fig. Figure.

g.l.c. G as-liqu id  chrom atography.



G T P  Guanosine triphosphate,

h Hour.

Het. 5-M em bered heterocycle.

3H -N P A  A -P ropy l apom orphine B inding Assay.

5 -H T  5-H ydroxytryptam ine.

i.r. In fra re d ,

lit. L iterature.

J  Coupling constant.

LM AM  Mouse A m bulation.

LDA Lithium  di-isopropylam ide.

LSD Lysergic acid d iethylam ide.

Me M ethyl.

M EK 2-B utanone (m ethyl ethyl ketone).

m .p. M elting point.

m / z  M assicharge ratio.

m.s. Mass spectrom etry.

n.m .r. Nuclear m agnetic resonance.

PC C  Pyridinium  chlorochrom ate.

P D C  Pyridinium  dichrom ate.

P h  Phenyl group.

P r Propyl.

Py 2-Pyridyl group.

R Alkyl.

R F R etention factor.

REA R abbit E ar A rtery.

SAR S tru c tu re /ac tiv ity  relationship.

Solv. T.l.c. elution solvent system .



TD Tardive dyskinesia.

TH F T etrahydrofuran .

t.l.c. Thin layer chrom atography.

TM ED A N , N , N  \ N  -T etram ethy le thy lened iam ine .

TM S T etram ethylsilane.

u.v. U ltra  violet.
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N om enclature and Num bering o f Com pounds.

All new com pounds discussed in the tex t have been nam ed according to the 

IU PA C conventions. In the  case of 3-am inoisoxazole and 2-am inothiazole deriva

tives a slight modification has been made in order to  sim plify the full names. In 

accordance with the system  used by Chemical  Abstracts  they  have been renam ed as 

derivatives of 3-isoxazolam ine and 2-thiazolam ine. Thus, the  tetrahydropyrid ine 

(120) becomes 4-[ 2- (N-m e thy l -1 ,2 ,8 ,6-tetrahy dr opyrid-2-yl)ethenyl]-2-

thiazolamine.  In o ther instances, names have been used as quoted in the  literature.

The num bering system s employed when discussing spectra  are illustrated  by the 

exam ples in the diagram  below. In m ost cases the  num bering follows the IU PA C 

nam e, with the exception of (58), (62) and (65). Greek characters have been used 

when referring to  the phthalim ide ring positions in the  phthalim ido derivatives of the

2-thiazolam ines e.g. (131). A full list of diagram s of the  m ajor com pounds m en

tioned in the discussion and experim ental sections appears in the appendices.

O - N

4”
(76)

I 3”

l 2’
Me

(120) (131) 

Numbering systems.



IN T R O D U C T IO N .

1.1 The N eurochem istry of D opam ine.

The tran sm itte r  substance dopam ine (DA, 3) is found in the hum an peripheral 

nervous system  as well as the  central nervous system  (CNS). Like the o ther catecho

lam ines, adrenalin  and noradrenalin , it is biosynthesised in neurons from  the am ino 

acid tyrosine, (scheme l . l ) . 1

|  Tyrosine
C O 2H hydroxylase

(1) (2)

HO
Aromatic amino acid

HO

(3)

Scheme 1.1.

The biosynthetic precursor tyrosine ( l)  is absorbed from  the bloodstream . In 

the neurons, it is converted to  L -D O P A  (2) by the enzym e tyrosine hydroxylase, and 

decarboxylation to  DA is accom plished by the action of arom atic am ino acid decar

boxylase.

In the central nervous system , dopam ine has been identified as the  neuro- 

tran sm itte r  in several neuronal netw orks sited specifically w ithin the brain itself.2*3 

The m ajor dopam inergic trac ts  appear to  be im portan t in the coordination of muscle 

m ovem ent (the nigrostriatal system ) and complex though t processes (the mesolimbic 

and m esocortical system s). One o ther central dopam inergic system , the tu b ero in - 

fund ibu lar, is involved w ith the regulation of the  enzym e prolactin , which is essential
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for milk production as well as o ther im portan t processes. This neuronal system  is 

often used in biological testing  to  indicate th a t  com pounds are dopam inergically 

active.

The nigrostriatal system  consists of cell bodies located in the su b s tan tia  nigra, 

w ith axons th a t project in to  the stria tum  within the basal ganglia. Hence th is neu

ronal pathw ay appears to  be involved w ith m otor function. A nother of the  mid 

brain stuctures, the  tegm entum , is linked firstly to  the limbic forebrain by the  m eso- 

limbic system , and secondly to  the  limbic cortex by the mesocortical system . Since 

these neurons extend in to  the  cortex of the brain, it is believed th a t they are essential 

for the  control of em otional behaviour, as well as o ther thought processes, including 

m emory.

The identification and classification of dopam ine receptors has been an area of 

extensive research (table l . l ) . 4’5 Early receptor binding studies had indicated  the 

existence of four d istinct receptor subtypes; D - l ,  D -2, D -3, and D-4. Evidence now 

shows th a t  both the D - l  and D -2  receptors possess a  high and low affinity state . 

The high affinity s ta te  of each m ay be converted to  the  low affinity s ta te  in the  pres

ence of guanosine triphosphate , (G T P ). Hence, the  low affinity D -2 binding site 

corresponds to  the  D -2  receptor, whilst the D -4 receptor is now believed to  be the 

high affinity D -2 site. T his high affinity site has been identified as the D -2  au to re

ceptor (presynaptic receptor) in the CNS. Similarly, the  low affinity D - l  site is the 

D - l  receptor and the high affinity site is the D -3  receptor, which may correspond to  

the  D - l  au toreceptor bu t th is is unconfirmed.

DA-1 DA-2

GTP GTP
Rh Rl Rh Rl

D-3 D-1 D-4 D-2

Autoreceptor Autoreceptor

RH=High affinity state R l=L o w  affinity state.

Fig. 1.1.
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Classification o f D opam ine Receptors.

D -l D -2 D-3 D -4

A denylate

cyclase

association.

Stim ulates. Inh ib its  or 

un associated.

Inhibits or 

un associated. ?

Typical

location.

S triatum . S tria tum ,

hypophysis.

N igrostriatal

term inals.

C orticostriatal

term inals.

G T P

sensitivity .

Low affinity 

for antagonist.

Low affinity. High affinity. High affinity.

T  able 1.1.

The D - l  and D -2 receptors are biochemically and pharm acologically d istinct. 

The D - l  receptor is linked to  the stim ulation  of adenylate cyclase, which converts 

A T P  to  cyclic AMR The receptor type  D -2  however is linked to  a  regulatory protein 

th a t  inh ib its adenylate cyclase activ ity . It is the la tte r of the  DA binding sites which 

constitu te  the  m ajority in the  CNS, w ith about 60% in the region of the substan tia  

n igra and striatum .

In sum m ary, (fig. l . l ) ,  dopam inergic receptors DA-1 and D A -2 in the CNS 

each possess a  high and low affinity s ta te , the  DA -2 high affinity s ta te  corresponding 

to cell body autoreceptors. The receptors are characterised by a  positive (D A -l)  or 

negative (DA-2) link to  adenylate cyclase.

1.2 D opam ine and Parkinson’s D isease.

O f the diseases which affect the  cen tral nervous system , Parkinson syndrom e is 

probably the most well characterised .2’ 6 I t is the th ird  m ost comm on neurological 

disease, affecting 7% of people above age 65 and about 0.1% of the  whole population.
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It is an extrem ely debilitating disease in which m otor function progressively 

degenerates. The sym ptom s are firstly, m uscular rigidity causing a flexed or simian 

(apelike) posture. Secondly, there is an overall im m obility of the facial muscles 

accom panied by speech problems and difficulty in swallowdng. T hirdly, the sufferer 

will have a shuffling gait and find it difficult to  in itia te  m ovem ent (akinesia), and this 

m eans th a t there is a  tendency to  run ra ther than  walk. F inally, the  patien ts  possess 

an exaggerated, rhythm ical muscle trem or in the lim bs of 3-5 Hz.

The Parkinsonian sym ptom s are caused by dam age to  dopam inergic neurons 

w ithin the CNS. This dysfunction may be due to  degeneration with age, or diseases, 

such as syphilis, may be responsible. Also, reserpine and m any of the narcotic drugs 

are known to cause Park inson  like sym ptom s.

The dam aged neurons, which alm ost certainly form  p art of the nigrostriatal 

system , perform  an inhibitory function in the  basal ganglia th a t  normally suppresses 

the muscle trem or and rigidity. This neuronal m alfunction leads to  a  decrease in the 

am ount of dopam inergic transm ission w ithin the system  and hence the sym ptom s 

arise.

The trea tm en t for Parkinsonism  has been based around im proving the dopam 

inergic flow in the CNS. This is accom plished to  a  certain  ex ten t by adm inistering 

L -D O P A  (2), the b iosynthetic precursor of dopam ine. The L -D O P A  is presum ably 

taken up by the rem aining healthy neurons which then  convert it to  DA (3) in order 

to com pensate for the  dam aged cells. An a lternative  theory is th a t o ther cells con

tain ing DO PA  decarboxylase, such as serotonergic neurons, use the  adm inistered L - 

D O PA  to create enough DA to innervate the  n igrostriatal ta rge t cells.

There are however draw backs in the use of L -D O P A  therapy . Because it is 

rapidly m etabolised in peripheral organs, extrem ely large oral doses are required -  

abou t 4-5g per day. O f th is am ount, less th an  0.1% reaches the brain. These exces

sive doses have unp leasan t side effects, such as a thetosis, a  slow, w rithing
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invo lun tary  m ovem ent of the hands and neck, as well as nausea and vomiting. 

E fforts to  reduce the quan tities of L -D O P A  required have included the use of carb i- 

dopa (4, fig. 1.2), a hydrazine analogue of a -m e th y l D O PA . C arbidopa has a  greater 

affinity for DO PA  decarboxylase th an  L -D O PA  and is preferentially m etabolised 

w ith in  th e  peripheral nervous system . Hence abou t 80% less L -D O P A  is required to 

tre a t the  sym ptom s when adm inistered w ith carbidopa.

n h n h 2

(2) (4)

Fig. 1.2.

L -D O P A  therapy is far from  being a cure for Parkinsonism : it m erely controls 

some of the  sym ptom s for a  few years, a fter which tim e its effects tend  to  wear off 

and the  pa tien t reverts to  the form er rigid, trem ulous sta te . Thus there  is a  definite 

need for a  cure, or a t least a much im proved trea tm en t for the disease.

1.3 D opam ine and Schizophrenia.

Schizophrenia is the  m ost serious of the m ental illnesses. 2 I t is the m ajor cause 

of psychiatric hospitalisation: v ictim s of the disease occupy abou t 20% of all hospital 

beds in the  U.S.A., and before the adven t of psychotherapeutic drugs in the  1950’s it 

accounted  for half of all hospital bed occupancy. It prim arily strikes teenagers and 

young adu lts.

T he term  schizophrenia m eans literally a  "splitting of the mind" and was first 

used by the  Swiss scientist Eugen Bleuler a t the  end of the last cen tury . It describes
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the main characteristic of the  disease, th a t  is the  separation of the  cognitive (learn

ing) processes from  the emotional side of the p e r s o n a l i t y .  I t is therefore different 

from  the very rare condition known as "split personality", where the sufferer possesses 

tw o separate identities.

The sym ptom s of the disease follow an a lte rna ting  pa tte rn  of tw o distinct 

phases: episodes of psychosis lasting a few weeks are separated  by m uch longer 

periods when the patien t exhibits residual sym ptom s. The psychotic episodes, term ed 

positive sym ptom  schizophrenia, are characterised by bizarre delusions, for example 

of being controlled by an outside force or of persecution, as well as auditory  halluci

nations, i.e. hearing voices com m enting on one’s actions. The residual phase, or 

negative sym ptom  schizophrenia, is indicated by a  disorder of though t processes, 

consisting of incoherence, the loss of normal association of ideas, poverty of speech, 

and a lack of em otional responsiveness (flattening of affect).

Until the  1950’s, no trea tm en t was specifically effective for schizophrenia. Then 

in 1953 a trea tm en t was discovered which had as great an im pact on the field of 

m ental health as the discovery of penicillin had on the  trea tm en t of infective disease. 

Chem ists a t Rhone Poulenc synthesised chlorprom azine (5) whilst searching for a  

com pound with improved antih istam inic properties. Henri Laborit, a  surgeon a t the 

Hospital Boucicaut in Paris found th a t the  drug sedated patien ts suffering from  post 

operative shock. As a result of th is work, the psychiatrist P ierre Deniker tested  the 

com pound on some of his chronically m entally ill patien ts. He im m ediately recog

nised the m ajor calming effect of the drug  on patien ts with positive sym ptom  schizo

phrenia.

W ithin hours of trea tm en t the  drug exhibited a  sedative effect by calm ing 

acutely ag ita ted  patients, bu t more im portan tly , over several weeks the  delusions 

and hallucinations were abolished, and the  thought processes returned  to  a  m ore nor

mal sta te . Drugs showing th is long term  effect are known as antipsychotics, or neu
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roleptics.

The discovery of chlorprom azine (Largactil) as the  first antipsychotic led to the 

synthesis of a whole range of com pounds bearing the phenothiazine nucleus, as well 

as m any other com pounds exhibiting activ ity  as antipsychotic agents. These include 

the  butyrophenones, e.g. haloperidol (6), and the  diphenylbutylpiperidines, e.g. 

pimozide (7), fig. 1.3.

R

(5)
R=(CH2)3NMe2

OH

F

Cl

F

F
(7)

Fig. 1.3.

It was originally believed th a t these drugs were merely tranquilisers. By the mid 

1960’s however it had been shown th a t all an tipsychotics shared the property of 

blocking dopam ine receptors in the CNS. More specifically, it was found th a t drugs 

th a t  are effective neuroleptics in m an are D A -2 an tagon ists.4 In addition, many neu

roleptics are DA-1 antagonists, but th is does not appear to  be essential for an tip 

sychotic activity .



These  conclusions were due in par t  to an analysis of the majo r  side effects of the  

drugs .  It was not iced that  pa t ien ts  t r ea ted  wi th  neurolept ics in the  shor t  te rm  ( i . e.  

a f te r  acu te  admin is t ra t ion )  often developed s y m p to m s  resembling Parkinson ism.  

T hese  included hand  t remor  and muscular  r igidi ty,  and were t erm ed  ex t r ap y ram id a l  

side effects (EPS) .  An explanat ion  for these observat ions  would be t h a t  the a n t i p -  

sychot ics  blocked DA receptors  in the  n igros t riatal  p a thw ay ,  reduc ing  the  flow of 

d o p a m in e  in t h a t  sys tem in the  shor t  te rm ,  wi th the  Park inson- l ike  E P S  being the  

resul t ,  (fig. 1.4a). 2> 3

Postsynaptic dopamine receptor 
block by antipsychotic drugs.

Denervation supersensitivity.

' v Reduced
postsynaptic
transmission.

Increased
postsynaptic
transmission.

Antipsychotic effects (mesolimbic). Initial disappearance of Parkinson's syndrome.
Extrapyramidal reactions (nigrostriatal). Onset of tardive dyskinesia.

Fig. E4a. Fig. E4b.

Chronic  admin is t r a t ion  of ant ipsychot ic  drugs  in up  to lO'T of cases results in 

the  condi t ion known as tardive  dyskines ia (TD).  This mani fes ts  itself in the form of 

ab norm a l  oral, facial and  tongue mov em en ts ,  chorea  ( rapid,  flick like m o v em en ts  of 

the  l imbs and facial muscles) and  athetos is .  These  side effects are usually t em pora ry ,  

and  m ay  be eradicated  by ceasing adm in i s t r a t ion  of the  offending drug,  but the 

sy m p t o m s  are in some cases pe rmanen t .

Interest ingly ,  the  clinical pharmacology of the  sy ndro m e is very di fferent  f rom 

Parkinson ism,  but is more  s imilar to  diseases caused by an excess of DA funct ion.  

Thi s  som ew ha t  surpris ing observation may  be expla ined if prolonged neurolept ic 

d ru g  t r e a tm e n t  leads to a lmost total  DA receptor  b lockade,  caus ing the  condit ion  in



- 9 -

the  neurons known as supersensitivity. These neurons have a  greatly increased 

num ber of receptor sites and an abnorm ally high ra te  of synthesis and release of their 

tran sm itte r substance. The com bination of overproduction and more receptors 

together resu lts in a  m uch greater conductiv ity  of the  neurons, hence the  term  

"supersensitive". Thus the excess DA released in to  the n igrostriatal system  has the 

n e tt effect of causing tardive dyskinesia (fig. 1.4b).

These observations, combined with o ther biochemical studies, have resulted in a  

D opam ine H ypothesis of Schizophrenia.2’3 In its  sim plest form  this s ta tes  th a t  

schizophrenia m ay be related to  a  relative excess of central dopaminergic neuronal 

activ ity . The m ost likely centres for th is increased ac tiv ity  are the mesolimbic and 

m esocortical system s. It m ust be sta ted  however th a t although there is a  great deal of 

d a ta  to  support the  hypothesis, there is as yet no d irect experim ental evidence.

D uring the  course of o ther studies it has also been observed th a t certain drugs, 

such as cocaine and the am phetam ines, can induce psychotic syndrom es resem bling 

paranoid schizophrenia, and th a t antipsychotic drugs a c t as an antidote. This is 

explained by the  fact th a t cocaine, like the ergot alkaloids and many other com 

pounds, shows dopam ine agonistic behaviour. Hence DA antagonists such as 

chlorprom azine (5) are likely to  counteract their effect.

1.4 Dopam inergic A gents in the C N S.

It has already been pointed out th a t P ark inson’s disease is due to  a  lack of 

dopam inergic function. Therefore, the adm inistra tion  to  pa tien ts  of an efficient post

synaptic DA agonist w ith few side effects would represen t either a  cure or a  greatly  

im proved therapy. An advance m ade in the  early 1970’s was the in troduction of the  

drug brom ocryptine (8, fig. 1.5), an ergoline derivative. 6-9 I t  is a  specific D A -2 agon

ist a t low doses and has been used as an antipark inson  agen t, particularly  in pa tien ts  

who have become im m une to  L -D O P A  trea tm en t. A lthough the com pound has a
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proven efficacy, it exhibits some psychiatric side effects which preclude its use on a 

larger scale.

OX

HN

OH

(8)

Fig 1.5.

A nother extrem ely im portan t property  of certain  DA agonists is dem onstrated 

by th e  prototype drug apom orphine (9, fig. 1.6). 10-12 It was discovered th a t this 

com pound not only acts postsynaptically , bu t also activates presynaptic receptors. 

In fac t, in some system s apom orphine is ten to  tw enty tim es more poten t in stim u

lating  DA autoreceptors than the corresponding postsynaptic receptors.

OH

Pr

(9) (10)

Fig. 1.6.
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The poten tia l of DA autoreceptor agonists lies in their ability to  reduce the ou t

p u t of dopam ine from  neurons by inducing a response presynaptically and hence 

regu lating  DA synthesis and release. A reduction in the  rate  of DA o u tp u t by the 

innervation  of au to recep tors overcomes the need for receptor blockade and conse

q u en t E P S  and T D  syndrom es. Hence, this type of drug  action could theoretically 

replace the an tipsychotics as the  m ain trea tm en t for schizophrenia, and in particular 

m ay prove to  be an effective therapy  for the negative sym ptom s.

The clinical use of apom orphine is lim ited by poor oral absorption, short du ra

tion of action, and like some other DA agonists, by its  action a t the vom iting centre 

of the  brain stem , causing its em etic properties. However, the com pound has been 

v ita l as a model in m any s tru c tu re /ac tiv ity  relationship  (SAR) and biological d a ta  

studies.

O ne such study  yielded the interesting dopam ine mimic 3 -(3 -hydroxypheny l)- 

A -p ropy lp iperid ine , or 3 -P P P  (10, fig. 1.6).3> 10>13 This compound is of particu lar 

in te rest in th a t  testing  perform ed on the racem ate showed it to  be a  specific DA 

au to recep to r agonist, apparen tly  exhibiting no postsynaptic  activity . However, it was 

found th a t  the resolved isomers differ significantly in their pharmacological profiles. 

T hus the  (+ )-3 R  enantiom er behaves like a  classical DA receptor stim ulan t, agonis

ing both  au to recep tors (low doses) and postsynaptic receptors (high doses). By way 

of co n tras t the  ( -) -3 S  enantiom er activates au toreceptors a t low doses, bu t unex

pectedly  blocks postsynaptic  receptors a t higher doses. The n e tt effect of racem ate 

adm in istra tion  is therefore selective au toreceptor stim ulation , with the action of the  

enantiom ers postsynaptically  in opposition (table 1.2). These findings have prom pted 

investigations in to  the  relationship between the absolute stereochem istry of o ther 

DA analogues and  the ir site of action.



- 1 2 -

B io lo g ic a l A c t iv i ty  o f  3 - P P P .

Low Doses. High Doses.

3R A utoreceptor

agonist.

Postsynaptic

agonist.

3S A utoreceptor

agonist.

Postsynaptic

antagonist.

R acem ate. A utoreceptor agonist.

T  able 1.2.

A m ongst the  m ost im p o rtan t SAR studies have been those which have focused 

on deducing the active portions of the  apom orphine and ergoline molecules. It has 

now been well established by the work of Cannon and o thers 14-16 th a t  the  active 

m oiety w ithin apom orphine is the  rigid dopam ine-like struc tu re , as in fig. 1.7.

HN

(9a) (12a)

NMe

HO

OH

NH

HO

OH

(11) (3)
Fig. 1.7.
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A pom orphine (9a, 9b) is of the  R absolute configuration a t ca rbon-6a  and the 

corresponding S enantiom er is inactive as a  DA agonist. In a ttem p ts  to  elucidate the  

active site, Cannon prepared the racemic 2 -am ino tetra lin  partial s tru c tu re  (11) and 

found it to be very com parable in activ ity  to apom orphine itself. O ther analyses have 

confirmed these findings.

On the o ther hand, when the  structu re  of LSD (12a) is exam ined, it is not 

im m ediately obvious as to  which portion of the molecule confers dopam ine agonist 

properties. The question is com pounded by the fact th a t the ergolines show m any 

pharm acological properties o ther th an  DA agonism , such as 5 -H T  antagonism  and 

hallucinogenic effects. Nevertheless, some groups have assum ed th a t  the  rigid /3- 

phenethylam ine portion (12a, figs. 1.7, 1.8) is the m oiety responsible for DA agonist 

properties. On closer inspection, however, th is assum ption is not supported , and has 

been challenged initially by Nichols,17 and la ter by Kornfeld and cow orkers.18

The natural ergolines have the  R absolute configuration a t 5 -C  as shown, (fig. 

1.8), i.e. <x to  the am ino function, and once again the  S enantiom ers are inactive. 

T hus it is obvious th a t  the  stereochem istry is critically im portan t. If the s truc tu res 

(9a) and (12a) are exam ined, it m ay be noted th a t the  hydrogen atom s a t 6a-C  and  

5 -C  respectively in the  corresponding fragm ents are of opposite configuration. K orn

feld though t it highly unlikely therefore th a t the phenethylam ine portion of LSD 

(12a) corresponds to  the  rigid DA struc tu re  in apom orphine (9a). If th is were the  

case, it would be the inactive, unnatu ra l S-ergolines which correspond to  the active 

R -apom orphine if the  two j3-ami no tetralin  moieties were com pared.

However, if the  two molecules are rew ritten  as in (9b) and (I2b)(fig. 1.8), an 

a lte rna tive  mode of comparison is evident. In this pair, it is now the rigid, py rro le- 

e thylam ine portion in (12b) which corresponds to  the  dopam ine portion in (9b). T he 

hydrogen atom s a t 5 -C  and 6a-C  respectively in th is analogy are now of the sam e 

configuration. Thus it was suggested by Kornfeld th a t, as a  working hypothesis, th e
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CONEt

HN (12a)

CONEt

HN

(12b)

HO

OH

(9a)

N -Me

HO

HO

Fig. 1.8.

rigid py rro le-e thy lam ine  m oiety in the ergoline class should be regarded as being 

responsible for DA agonist properties, ra ther th an  the phenethylam ine. Subsequent 

analyses, which have generally involved the synthesis and testing  of heterocyclic 

analogues have added  w eight to this theo ry .19

Research has also been carried out on 2 -am ino te tra lin s substitu ted  in various 

ways, both in the  arom atic nucleus and the 2 -am ino function .20-22 Intriguing results 

have been presented by M cDermed et a/., who studied resolved 2-am inotetralin  

derivatives. 23 The first compound to  be resolved was 5 -hydroxy-2 - 

(d ip ropy lam ino)te tra lin  (13, fig. 1.9).

T he S enan tiom er [ 13(S)] was found to  be abou t ten tim es more poten t than 

apom orphine, w hilst the  R  enantiom er [ 13(R)] was inactive a t the doses tested. The 

work was continued w ith the  resolution and pharm acological evaluation of (14), (15)



and (16). I t  was found th a t  the  stereochem istry a t  carbon 2 for the  m ore active 

enan tiom er was S in the  case of com pounds (13) and (14), whereas it was opposite for 

com pounds (15) and (16). Interestingly, in a  la te r study , 7-hydroxy-2-(7V,Ar-  

d ip ropy lam ino)te tra lin , [ 16(S)], proved to  be the m ost selective presynaptic agonist 

of the  derivatives tes ted .22 These results were organised w ithin the con tex t of a  

hypothetical DA receptor m odel, of which there have been several o ther studies. 4) 24

A lthough the area of presynaptic versus postsynaptic drug action has been 

extensively researched, it is far from being the sole criterion of study and evaluation. 

E fforts have also been directed tow ards the design of com pounds which distinguish 

betw een receptor sub -types, i.e. showing DA-1 and D A -2 specificity. E arlier, there 

was some doubt as to w hether the central DA-1 binding site could actually  be called 

a receptor since no central effects were known to  be m ediated  through it. Now, how

ever, the  DA-1 receptor has been shown to be involved w ith some behavioural 

responses. SCH-23390 (17a, fig. 1.10), the first selective DA -1 an tagon ist to  be 

described is effective in blocking locom otor activ ity  induced by am phetam ine -  a
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reaction form erly believed to  be m ediated exclusively through the D A -2 receptor. 

4,25-28 rpjie com pound exhib its a  > 500-fold g reater affinity for the  DA -1 receptor 

over the  DA -2 receptor, and is very poten t a t  inhibiting dopam ine stim ulated 

adeny la te  cyclase.

N -R

HO

(17)
17a. R=Me, X=CI 
17b. R=H, X=OH 
17c. R=Me, X=OH 
17d. R=H, X=CI 
17e. R=Me, X=Br

HO

N-M e

HO

(18)

Fig. 1.10.

An analysis of some analogues of SCH-23390 has illum inated the structural 

requirem ents for DA-1 receptor activ ity . For exam ple, SK F-38393 (17b) is a  DA-1 

agonist. 4> 25-29 A -M ethy l substitu tion , as in SK F-7560 (17c), yields a  partial agonist, 

w hilst the  7-chloro derivative, SK F-83509 (I7d), is a  pure an tagon ist of m oderate 

potency. SCH-23390 clearly incorporates both of these changes and is a  m uch more 

po ten t antagonist. 3u The 7-brom o derivative, SK F-83566 (l7e) is also a selective 

D A -1 an tagonist, and like SCH-23390, th is activ ity  is stereo-specific w ith r e s p e c t  to 

the R enantiom ers. 31 Finally, SKF- 83742 (18), has also been reported  to  be a DA-1 

an tagon ist. 4>32

Several new com pounds have been synthesised which exhib it po ten t and, in 

some cases, selective DA -2 agonist activ ity . Sandoz w orkers have reported the
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preparation  and prolactin  secretion inhibiting  activ ity  of CV-205-503 (19a) and 

CV -205-502 (19b, fig. 1.11).33 These are benzo[y]octahydroquinolines in which the

3-C  sidechain corresponds to  the 8-C  su b stitu en t of the ergolines. In fac t, the 

m ethylth iom ethyl group of 19a is conceptually derived from  pergolide (20). This 

im portan t ergoline derivative is a  DA agonist which has controlled trem ors induced 

in m onkeys, and has proved to  be effective in the  trea tm en t of Park inson’s disease. 

W hilst neither 19a nor 19b is as po ten t an inhibitor of prolactin secretion as its 

corresponding ergoline analogue, both show decreased affinity for adrenergic and 

serotonergic receptors, a  characteristic  of the ergolines.

OH

H

R2

HN

H I
Pr

(19)

19a. R1=CH2SMe, R2=H. 
19b. R1=H, R2=NHS02NEt2 

19c. R1=R2=H.

Pr
(20)

Fig. 1.11.

The synthesis and poten t DA -2 agonist activ ity  of LY137157 (21) and 

L Y 163792 (22, fig. 1.12) have been reported. 34 These two com pounds are equipotent 

w ith pergolide a t inhibiting prolactin secretion, and it is in teresting to  note th a t they 

display a  correlation between stereochem istry and activ ity ; the levorotatory enan tio - 

m ers (as depicted) possessing all the dopam inergic activ ity  of the racem ate. A sim ilar 

stereospecificity has been claimed for the  pyrazole analogue LY171555 (23).19 

C learly, the  heteroarom atic rings of 21, 22 and 23 m ust be considered as being 

bioisosteric w ith the phenol of 19c.
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Pr

H

(21)

H2N
N

S
H i

(22)

(23) 

Fig. 1.12

G roups from  both M erck and Roussel-U claf have published their work on the 

oxaergolines (24, fig. 1.13).4> 35>36 The m ost active analogue, 24a, has potency 

approxim ately  equivalent to  th a t of pergolide (20). A study  of partial structu res of 

E O E  (24b) led workers to  develop PH N O  (25). 37 (+ )-P H N O  , the dopaminergic 

enantiom er, is rem arkably po ten t a t  both p re- and postsynaptic D A -2 receptors, in 

vivo results including emesis in dogs. C arp retina adeny la te  cyclase was not stim u

lated by (+ )-P H N O  and its affinity for adrenergic and serotonergic receptors was 

negligible, indicating th a t  it is a highly selective D A -2 agonist. An enantioselective 

synthesis of (+ )-P H N O  has been reported recently.

O f the heterocyclic bioisosteres coding for the  phenolic m oiety, the 2 - 

thiazolam ine group appears to confer the m ost po ten t dopam inergic activ ity  to 

analogues. Thus, 2-th iazolam ine varian ts have been the  targe ts  for several synthetic 

and SAR studies. LY163792 (22) has already been m entioned, and m ore recently 

analyses have been carried ou t on the  am inothiazoloazepine derivative B -H T  920 

(26), a  com pound clearly analogous to  SCH-23390 (17). Anden has shown th a t B -
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HN

NH

(24)

24a. R=Pr 
24b. R=Et

R

Fig. 1.13.

OH

NH

(25)

HT 920 inhib its the  synthesis and  a -m ethy lty ro sine  induced decline of DA in the 

brain of rodents. 39>40 From  these findings it was concluded th a t  the  com pound is a 

relatively  selective DA agonist th a t  acts presynaptically.

h 2n —<*

(26)

H2N—& |

(27)

H 2N ^

(28) 

28a. R=Pr 
28b. R=H

NH-R
R

(29) 
29a. R=Me

Fig. 1.14.
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Sim ilarly, 2-th iazolam ine analogues of apom orphine (9) and the  2 - 

am ino tetra lin  (11) have been prepared and tested  (27, 28, fig. 1.14).41 As with apo

m orphine itself, the (-)enantiom er of the resolved com pound (27) was found to  be 

the m ost active form . (O ptical resolution was accom plished using L - and D - ta rta ric  

acid, the enantiom eric ta r tra te s  being converted in to  the corresponding dihydro

chlorides for testing). The chiral carbon 6a of (-)-2 7  was assum ed to  have the same 

absolute configuration of (R )-(-)-apom orph ine  and  therefore to  be R. The m ost 

active com pounds of this study were, however, the enantiom ers of 6 -  

(propylam ino)tetrahydrobenzo-2-th iazolam ine (28a). Som ewhat surprisingly, the 

paren t com pound 28b containing the prim ary am ino function was completely inac

tive. An X -ray  diffraction study of the L - (+ ) - ta r ta r ic  acid salt of (-)-2 8 b  was 

undertaken  in order to  determ ine the absolute configuration of the  am ine w ith refer

ence to  the  known configuration of L -(-t-)-tartaric  acid. The chiral carbon in position 

6 was shown to  have S configuration, and th is therefore established the absolute 

configuration of the enantiom ers of 28a. Com parison of these s tructu res revealed th a t 

(S)-28a was the m ost active compound, the results suggesting th a t in (S)-28a the 2 - 

thiazolam ine group has the appropriate  orientation to  invoke presynaptic activ ity .

In a recent pa ten t, the W arner Lam bert com pany have claimed the synthesis 

and dopam inergic activ ity  of a group of 2-th iazolam ine analogues of 3 -P P P  (10) (29, 

fig. 1.14 ). 42 The same com pounds have been prepared and evaluated independently 

by workers a t the  Organon Scientific D evelopm ent G roup. W arner Lam bert claim  a  

whole range of properties for the compounds including DA agonist and an tagonist 

behaviour, prolactin secretion inhibition and CNS activ ity . In the tests carried ou t a t 

O rganon, the most active compound was found to  be (29a).

Finally, there have been some com pounds discovered which exhibit po ten t 

activ ity  and yet do not appear to  fit the accepted models, or to  bear a  resem blance to  

known natu ral structures. These include M olindone (30), 43 which possesses DA
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O

N

Me
H

(30)

Fig. 1.15.

antagonistic, and therefore antipsychotic properties, and EM D 23-448 (31, fig. 1.15).

The la tte r  indole derivative has been described as a  selective au to recep tor agonist, 

w ith  activ ity  roughly com parable to  3 -P P P  (10).

1.5 The Synthetic Program m e.

The main objective of th is project was to  study m ethods which m ay be used in 

the preparation of com pounds of the general s tru c tu re  (32, fig. 1.16). There is an 

obvious structu ra l relationship between these com pounds and known DA agonists 

such as LY163792 (22) and PH N O  (25) (see section 1.4).

OH

Het. H

H2N

R

(32)
Het.=5-Membered heterocycle.

N

S

(22)

H N

(25)

Fig. 1.16.
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D uring the  course of our work, the W arner L am bert com pany published a 

p a ten t claim ing the  preparation of reduced quinolines of a  sim ilar type (32). In these 

s truc tu res  the heterocyclic un it fused to  the /-fa c e  of the  quinoline may be thiazole, 

oxazole, pyrazole, or pyrim idine.44 Such com pounds are claimed to  be active as 

dopam ine agonists, and are therefore of im portance as potential drugs for Parkinson

ism or schizophrenia (see section 1.4). They were prepared via the  route shown in 

schem e 1.2. The known quinolinones (33) were brom inated , and the products a n n u -  

lated  to  form  the tricyclic com pounds (34). Q uatern iza tion  provides the  necessary 

ac tivation  to  allow the reduction of the pyridine nucleus by reaction with a  complex 

m etal hydride.

R

Br(33)

>►

Br

Het.

Het.

(34)

R-X

Het.

X
R

(32) 

Scheme 1.2.

O ur approaches to  the  synthesis of these com pounds are illustrated  by the  

retrosynthetic  analyses in schem es 1.3 and 1.5. In the  first route, the  final targets are 

obtained by the reduction of the quaternary  salts  (35). The arom atic com pounds (36)
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are conceptually derived from  the unknown heterocyclic stilbene analogues (37) via 

an oxidative photocyclisation.

Het.

R

>

N
I
R

(37)

Het.
NaBH4

Het.

I X-
R (35)

R-X

Het.

(36)

Scheme 1.3.

H2N

(38)

Scheme 1.4.

In terestingly , phenan threne analogues of th is type are know n45 and have been 

prepared from  the  corresponding am ino benzothiazoles (38, schem e 1.4). In our 

route, however, the  stilbene analogues are key in term ediates since they  allow en try
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in to  the acyclic varian ts  (39, fig. 1.17).

Het.

I

Het.

N
I
R

(40)

Het,

(37)

<±

R-X

Scheme 1.5.

NH

Het.

R

(39) (41)

Fig. 1.17.

These reduced system s, which are a com pletely new class of com pounds, are of great 

im portance in the second of our proposed routes (scheme 1.5). Thus, there  is a  key 

disconnection from  the targe t com pound back to  the proposed 1,2,5,6- 

tetrahydropyrid ine (40) via  an alkene-aryl coupling reaction induced by e.g. H+, 

B r+, P d  etc. A fu rther point is th a t acyclic varian ts  of s truc tu re  (32), such as the 

te trahydropyrid ines (39, fig. 1.17) m ight well adop t sim ilar conform ations to  the
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W arner L am bert com pounds (32, fig. 1.16) in  v ivo , and so we continued to  establish 

routes to  them .

Although several different arom atic heterocyclic units which code for the  

dopam ine arom atic ring have been prepared by o ther groups, we decided to  concen

tra te  our efforts on two specifically. The 2-th iazolam ines were chosen, since it  is 

known th a t th is m oiety exhib its particularly high ac tiv ity  in biological tests (see sec

tion 1.4). W hilst the ethenylthiazolam ine (41, fig. 1.17) is unknow n, the  phenyl 

analogue (42) has been prepared from  iodom ethylacetophenone46 (43), which itself 

was obtained from  benzalacetone47 (scheme 1.6). A lthough the  u.v. spectra  of the  

styrylth iazoles have been studied , there is little  inform ation regarding their chem is

try.

NH(42)

Scheme 1.6.

The other group of s truc tu res targeted are the  isoxazoles. These are novel, and 

we selected the pyridoisoxazole (44, scheme 1.7) as a  key in term ediate. This com 

pound was to be prepared from  the ester (45), and the synthesis of th is could be 

m odelled on the production of the known analogue (46) from  the  /3-ketoester (47),
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which in tu rn  was p repared48’49 from  benzalacetone and diethyl oxalate (scheme 

1.8).

7
NH

O — N O — N

(44) (45)

Scheme 1.7.

NH,OH

O  — N

(46)

E t0 2C -C 02Et

0 2Et

Scheme 1.8.

However, ra ther than  merely repeating th is standard  m ethodology in order to  gain 

access to  the  2-pyridyl varian t (45), we decided to  explore a  com pletely different 

synthetic  sequence. Thus, the  isoxazole (45) may be disconnected back to  the unk

nown enyne (48) and a nitrile oxide via a  1,3-dipolar cycloaddition (scheme 1.9). 

A lternatively , changing the  oxidation level of the  isoxazole to  the isoxazoline (49) 

leads back to  the diene (50) and a  nitrile oxide. A litera tu re  precedent for these 

reactions is illustrated by the reaction between benzonitrile oxide and  the diene (51)
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>

O — N

(45) (48)

>
0 - N

(50)

Scheme 1.9.

>Ph

N+
O - N

(51) (52)

Scheme 1.10.

to  give the isoxazoline50’ 51 (52, scheme 1.10).

A dditionally, we believed th a t potentially more useful synthons as our prim ary 

synthetic  targets were the enone (53) and the ynone (54, fig. 1.18). These com pounds 

are likely to  be even more powerful 1,3-dipolarophiles th an  the diene (50) and enyne 

(48), and therefore capable of undergoing addition w ith less reactive dipoles, such as 

nitrile sulphides and diazoacetates. Also, potential access to  the thiazoles lies in the
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reaction between the ynone (54) and form am idine disulphide (55, scheme 1.11).

Fig. 1.18.

NH NHNH NH

NHHN NH

(55)

► Thiazole

(54)

Scheme 1.11.
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D ISC U SSIO N  A N D  R ESU LTS.

2. The Preparation of 2-Pyridylalkanols.

T he initial aim  of the syn thetic  programme was to  construct a  synthon capable 

of undergoing both 1,3-dipolar and 1,4-nucleophilic type additions, and thus lend 

itself to  transform ation to  the  desired heterocyclic stilbene analogues. I t  was there

fore decided to  investigate the  synthesis of the c*,j3-unsaturated ketones l - ( 2 -  

p y rid y l)-3 -b u ten -2 -o n e  (53) and  l-(2 -p y rid y l)-3 -b u ty n -2 -o n e  (54, fig. 2.1).

(53) (54)

Fig. 2.1.

W hilst the ynone (54) is a novel compound, the preparation of the  enone (53) 

has been reported .1 This synthesis proceeds via a  two step  procedure involving the 

addition  of acrolein to 2 -picolyl-lith ium  to form the ally lie alcohol (56) followed by 

an O ppenauer oxidation to  give the  enone (53, scheme 2.1).

1.RU
2. Acrolein

AI(Q'Pr)3

Acetone 
OH A

(56) (53)

Scheme 2.1.
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In the a u th o r’s hands the first part of th is synthesis was readily repeated to  

afford the alcohol (56) in 54% yield. It was found th a t  in general the form ation of 2 - 

picolyl-lithium  can be accomplished using a num ber of d ifferent lithium  bases (LDA, 

n -b u ty l-lith iu m , m ethy l-lith ium ) w ithout affecting the  outcom e of the reaction. 

However, it was also found th a t TH F, ra ther than  d iethyl ether, is a  better solvent 

for the form ation of the anion, its presence being detec ted  by the deepening red 

colour of the  solution as the base is added.

Repetition of the  second step  to yield the enone (53) using the reported condi

tions of alum inium  isopropoxide in acetone heated  under reflux for 12h resulted in 

recovery of s ta rting  m aterial only, with no trace  of the  desired ketone. Changing the 

solvent to  a higher boiling ketone (MEK) and ex tended  periods of reflux sim ilarly 

had no effect. A t th is point a  whole range of d ifferen t oxidative procedures were 

investigated in a ttem p ts  to convert the alcohol in to  the enone (53). These included 

m ethods known to  be fairly specific for the ox idation  of ally lie alcohols (such as T r 

active M n 0 2, PC C ) as well as more general m ethods (Jones, M offatt and Swern). In 

all cases there was e ither total recovery of s ta rtin g  m aterial or the destruction of the 

molecule. The one exception to this was the  M offat conditions of DM SO -acetic 

anhydride a t room tem perature  which resulted in the  form ation of the acylated p ro

duct (57, fig. 2.2).

O -A c
(57)

Fig. 2.2.

Inspection of the  original paper by W ischm ann reporting  the preparation of the 

enone revealed th a t  the O ppenauer oxidation w as perform ed on 5 g of the alcohol 

(56) and the p roduct was isolated by distillation . No spectral da ta  or yield was
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quoted for the  product obtained and the only physical m easurem ents recorded for 

e ither the  alcohol or the enone (53) are m elting and boiling points, together with ele

m ental analyses. However, a  2 ,4-d in itrophenylhydrazone derivative was prepared 

from  the  enone and its m elting point was reported . The omission of a  yield is 

significant and we suspect th a t the productiv ity  of the reaction is too low for its 

adoption in a  viable synthetic sequence.

We therefore decided to  approach the  synthesis of the ketone via the displace

m ent of a leaving group from an acryloyl moiety (scheme 2.2).

^ ‘n x \ ) h ; m + x

o

2-Picolyl anion ̂-MX

OH

(58)(53)

Scheme 2.2.

The m ajor problem associated w ith th is type of reaction is undoubtedly  the 

tendency of a second anion equivalent to a ttack  the ketone once it is form ed, resu lt

ing in form ation of the tertia ry  alcohol (58). One way to  suppress th is is to react the 

anion w ith a lithium  carboxylate. The in term ediate dilithio species is im m une to 

fu rth e r a ttack  by the lithium  nucleophile and on hydrolysis yields the  ketone. C ar- 

banions are also known to react w ith nitriles form ing interm ediate imines which 

again afford the ketone on hydrolysis (scheme 2.3). For exam ple, the  reaction 

betw een 2-picoly 1-lithium and acetonitrile  is known to  result in the  isolation of 2 - 

pyridylacetone.2

T rea tm en t of the lithium  salt of acrylic acid with 2 -p ico ly l-lith ium  a t 0°C, fo l-
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MeCN

Scheme 2.3.

lowed by heating  under reflux resulted in the com plete recovery of s ta rting  materials; 

whereas acrylonitrile reacted w ith 2-picolyl-lithium  to  afford only insoluble polym

eric m aterial.

M ethyl esters have been used by Levine3 to  acylate 2 -p ico ly l-lith ium , forming 

the  corresponding ketones. In th is study, two m olar equivalen ts of anion to ester 

were used, on the assum ption th a t  the second step in schem e 2.4 occurs. Thus the 

rem oval of the  a -p y rid y l proton of the ketone (59) should suppress nucleophilic 

a ttack  by a  second anion equivalent. A range of m ethyl esters were used i.e. ben

zoate, fu roate , th iophenate , acetate, propionate, isobutyrate  and  isovalerate. It was 

found th a t the  bulky arom atic substrates reacted with 2 -p ico ly l-lith ium  to form the 

corresponding ketones only, whilst the smaller aliphatic esters gave substantial 

am ounts of te rtia ry  alcohol in addition to ketone (scheme 2.4). This strongly indi

cated th a t  steric bulk also played an im portant role in the suppression of alcohol for

m ation. In the au th o r’s hands the trea tm ent of m ethyl acry la te  with 2-picolyl- 

lith ium  gave the tertia ry  alcohol (58) as the sole product; none of the  corresponding 

enone (53) was isolated.

W e considered th a t changing the leaving group to  a  m ore active species such as 

chloride would favour form ation of the ketone in preference to  the  tertiary alcohol. 

Acyl chlorides are known to react with organom etallics, form ing the  ketones. The 

organom etallic species of choice in this type of reaction are  lith iu m  organocuprates 

and organocopper reagents (fig. 2.3). These have the ad van tage  over organolithium
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reagents in th a t they readily react w ith acyl chlorides but are generally inactive 

tow ards ketones, thus reducing the probability  of alcohol form ation. The d isadvan

tage in the use of this organom etallic species w ith a,/3-unsaturated  carbonyl com 

pounds is th a t 1,4-addition is facilitated .

(61)

H ^ 2Li+Cu+

(60) Fig. 2.3.

Lithium  di-2-picolylcuprate (60) was form ed by treating  copper (I) iodide w ith 

2 equivalents of 2-picolyl-lithium . This was reacted  with acryloyl chloride to  give an 

unidentified compound with complex spectral d a ta , which may have corresponded to  

a 1,4 addition  product. A tten tion  was then tu rn ed  to  the organocopper reagent (61). 

The preparation  of th is species has been repo rted4 and it has been shown to  react 

w ith an acid chloride affording the corresponding ketone. Using th is m ethod, 2 

equivalents of copper iodide were added to  1 equivalen t of 2-picolyl-lithium  and th is  

was reacted with acryloyl chloride. A com pound was isolated from this reaction 

which exhibited complex spectral d a ta  (the JH n .m .r. spectrum  contained peaks

+  r c o 2ft

H2Li+

+  R’OLi

H2Li+

(59)

c u

Scheme 2.4.
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which appeared to  correspond to pyridyl and vinyl resonances) suggesting th a t the  

reac tan ts  had combined in some way. However, it certainly was not the required 

ketone and repeated a ttem p ts  to  purify the product failed.

As a final a tte m p t to prepare a  pure sam ple of the ketone, it was decided to  

reac t 2-picolyl-lith ium  directly w ith acryloyl chloride, in the hope th a t  this m ight 

reduce some of the side reactions occurring (scheme 2.5). In order to  suppress tertiary  

alcohol form ation, "inverse addition" was used. This technique, which requires adding 

the  organolithium  species to  a solution of the electrophile, ensures th a t  the la tte r is 

alw ays in excess. Thus, 2-picolyl-lith ium  was added steadily dropwise to  a  cooled 

e th e r solution of acryloyl chloride. O n-w ork up, the  sole p roduct isolated in low yield 

(5-8% ) was an oil which was not "DNP active", b u t which possessed in teresting  spec

tra l da ta . Thus the proton n.m .r. spectrum  strongly indicated th a t  th is compound 

w as the  desired ketone, with the expected sp litting  pa tte rn  for a  2 -substitu ted  pyri

dine and a mono substitu ted  vinyl unit. The resonance corresponding to  th a t of the 

pyridyl a-m ethy lene , however, appears a t SH 5.33 which is a t  m uch lower field than 

would be expected for the ketone. Similarly, the  13C n.m .r. spectrum  possesses reso

nances a t the correct chemical shifts for the carbon atom s of a  2-pyridy l compound 

a ttach ed  to a  vinyl ketone, except again th a t the peak due to  the  pyridyl a -  

m ethylene carbon resonance was a t much lower shift than expected (6C 66.8). The 

in fra  red spectrum  cast greater doubt on the assum ption th a t  the com pound was the 

enone (53), as it exhibited a strong peak a t ymax 1 725 cm -1. It is well known th a t 

a ,/3 -unsa tu ra ted  ketones characteristically possess a carbonyl s tre tch ing  band a t 

lower wave num ber, usually around ymruc 1 690 cm -1, w hilst a  peak a t ymrix 1 725 

cm -1 would correspond to an ester functionality. The m ass spectrum  was equally 

puzzling. Although there was a peak corresponding to the m ass num ber of the enone 

(53, A f+, 147) there was also a  peak of much higher in tensity  a t  m / z  163, 16 mass 

un its  greater than  expected.
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H^Li*
+

Scheme 2.5.

Fig. 2.4.

C onsideration of all the available spectral evidence lead to  the  conclusion th a t  

the  com pound m ust be the ester (62, fig. 2.4). The proton and carbon resonances due 

to  the  pyridyl a-m ethy lene  unit now fit the expected values for a  system  of th is type  

(table 2.1). Finally, the high resolution accurate m ass spectral d a ta  provides the  

correct molecular form ula for th is product.

N.m.r. d a ta  for pyridyl a -m ethy lene.

Calc, for (53). Calc, for (62). Found.

SH 3.88 5.23 5.33

47.1 74.2 66.8

Table 2.1.

T here are two likely ways th a t this compound may have arisen. F irstly , 2 - 

picolyl-lith ium  is known to react with oxygen5 form ing lith ium  2-pyridylm ethoxide 

which is then quenched by acryloyl chloride (scheme 2.6). The second possible 

m echanism  involves 2-picoline jV-oxide which is present as an im purity . O n O -  

acylation th is may then rearrange as shown (scheme 2.7) via the delocalised in te r

m ediate  to  give the ester. The analogous reaction has been perform ed using acetic 

anhydride and 2-picoline jV-oxide 6-8 a t 100°C.
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Scheme 2.6.

(62)

0

^ N +"X)H2Li+C
o -

-LiCI

► ►

o

(62)

Scheme 2.7.

Since all a ttem p ts  to  form  the enone had failed, it was decided to  concentrate 

on the synthesis of the ynone (54). As has already been m entioned, th is is an unk

nown compound and its form ation was therefore of particu lar in terest to  us.

Propiolic acid (63) and m ethyl propiolate (64) are tw o readily available starting  

m aterials and these were each trea ted  with 2-picolyl-lith ium . In the form er case the 

acid was used as the lithium  carboxylate and in the la tte r case the ester was reacted 

using an inverse addition procedure. As with the analogous alkenic com pounds, no 

identifiable products were isolated from the lithium  propiolate reaction, and even the 

inverse addition process w ith the  ester did not prevent the  form ation of the tertiary
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alcohol (65, scheme 2.8).

■c o 2h -C 02Me

(63)

Fig. 2.5.

(64)

o N^X5H2Li+
+  (64)

OH

Scheme 2.8.

(65)

Propiolic acid chloride is known and is a  low boiling lachrym atory liquid which 

fum es in air and tu rns yellow on standing. C onsequently the com pound is not easy to  

handle. It was prepared as quoted in the lite ra tu re9 and trea ted  with 2-picolyl- 

lithium . A violent reaction occured even a t very low tem peratures resulting in an 

inseparable m ixture. The reaction was therefore not pursued fu rther.

A som ew hat different approach to the synthesis of the ynone (54) was under

taken a t th is point. We decided to utilise the  disconnection back to an acetylide 

synthon and 2-pyridylacetonitrile (66). T hus, m onolithium  acetylide (67) was 

form ed using a literature  procedure10 and reacted  w ith the nitrile (66, scheme 2.9). 

U nfortunately , w ork-up  led to recovery of s ta r tin g  m aterial. The likely reason for 

the lack of reactiv ity  in this case was the labile na tu re  of the pyridyl a -m ethy lene  

protons.

Since the  direct preparation of the alky none (54) had so far failed, the obvious 

next s tep  was to  a tte m p t a  synthesis of the alcohol (68) and then to  see whether the



- 4 2 -

C* Li+

(66) (67) 

Scheme 2.9.

CHO

(68)

Fig. 2.6.

(69)

change from alkene to alkyne would facilita te  the  oxidation of the  com pound. It was 

felt th a t the best way to  prepare th is com pound was via the aldehyde (69) and 2 - 

picolyl-lithium .

This first required the preparation of propynal (which has recently become 

available commercially). In itially , however, we a ttem p ted  to  synthesise th is com 

pound via the procedure described by Veliev and G useinov.11 This involves the  

Jones oxidation of propargyl alcohol a t room tem peratu re , w ith M EK as the  solvent, 

the au thors claiming a 90% yield. In our hands, distillation of the  residue as d irected 

resulted in the collection of several fractions, some of which appeared to  contain the  

aldehyde as well as MEK. (This was determ ined by ^  n.m .r. analysis, the peak 

corresponding to  the aldehyde proton resonance appearing a t 8H 9.2).

Since fu rther purification appeared to  be im practicable, it was decided to  tre a t 

the m ixture with 2-picolyl-lithium . It was hoped th a t  by keeping the reaction tem 

perature  low, the anion would reac t preferentially w ith the more reactive aldehyde



- 4 3 -

ra ther than  the ketone. A lternatively, if both com pounds reacted it m ight still be 

possible to  isolate the alkynol (68).

(70) 23%

H^Li*

Scheme 2.10.

However, the  only com pound isolated from  th is reaction was the product resu lt

ing from  the a ttack  of 2-p icolyl-lith ium  on M EK , i.e. the alcohol (70, scheme 2.10). 

It was therefore decided th a t it was not worth persisting w ith this particu lar m ethod 

of propynal synthesis. Instead, an earlier m ethod12 was found which employs the 

Jones oxidation of propargyl alcohol a t 2-10°C and  40-60 to rr pressure, using w ater 

as the only solvent (scheme 2.11).

\
OH

Cr03t H2SO4, H2O. 
<10°C, 40 - 60 mm Hg.

H

Scheme 2.11.
(69) 12.5%

CHO

H£Li+

(69) (68) 44%

Scheme 2.12.
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By repeating th is procedure as described, it was possible to  isolate a  sample of 

the  aldehyde (69, scheme 2.11) in 12.5% yield. Reaction of th is com pound a t -78°C 

w ith  2-picolyl-lith ium  resulted in isolation of the  alkynol (68, schem e 2.12) as an 

am orphous solid which slowly decomposed a t room tem perature . This was a  good 

illustration  of the  decreased stability  of the alkyne com pared to  the  alkene (56), 

which may be stored indefinitely a t room tem peratu re  w ithou t decom position.

The i.r. spectrum  of the alkynol (68) clearly showed the expected bands for a lk -  

ynic C -H  and C = C  stretch , (vmax 3 300, 2 100 cm -1 respectively). Also, the 1H 

n.m .r. spectrum  exhibits a  narrow doublet a t  SH 2.40 corresponding to  the  resonance 

of the  acetylenic proton.

As w ith the alkenic alcohol (56), a range of oxidation procedures were carried 

o u t on the alkynol (68) bu t the compound was found to  be resistan t to all the  

m ethods a ttem p ted . A t this point, therefore, it was decided to  abandon our 

a tte m p ts  to  synthesise the  ynone (54), and instead to  elaborate the alkynol in a  

d ifferent m anner in order to prepare com pounds capable of undergoing 1,3-dipolar 

cycloaddition.
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3. The Preparation of 5-[2-(2-pyridyl)ethenyl]isoxazoles.

Conjugated alkynes and alkenes are known to  be p o w e r f u l  1,3-dipolarophiles 

and  it was therefore decided to  investigate the  chem istry of the enyne (48) and also 

th e  diene (50, fig. 3.1). A lthough the preparation of the 4-pyridyl enyne isomer has 

been repo rted ,1 the 2-pyridyl enyne (48) is unknow n. We therefore decided to  con

cen tra te  our efforts initially on the preparation of th is  interesting synthon.

(48) (50)
Fig. 3.1.

T reatm en t of the alcohol (68) with m ethanesulphonyl chloride, followed by 

elim ination of the interm ediate mesylate w ith DBU, afforded the enyne (48) in 

excellent yield (scheme 3.1). Analysis of the  *H n.m .r. spectrum  confirmed th a t  it is 

form ed as the trans  isomer. For example, the coupling constan t for the  spin-spin 

system  of the alkene protons (resonating a t SH 6.73 and 8H7.06) is 16 Hz. The usual 

lim it for transoid  coupling constants of this type  is 14-18 Hz.

OH
2. DBU, A.

(48) 99%(68)

Scheme 3.1.

In order to form  the required heterocycles, th is  product was reacted separately 

w ith  ethyl diazoacetate (71) and the nitrile sulphide precursor (72, fig. 3.2).2 In both
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cases however, we found th a t short periods of reflux resulted in the  recovery of s ta r t

ing m aterials, w hilst prolonged heating caused com plete decom position. The reason 

for th is lack of success may be th a t the  presence of an ac tivating  carbonyl group on 

the dipolarophile is a  prerequisite for the  activation  of these 1,3-dipoles in addition 

reactions.3-5

E t0 2C N+ Me2N V S

° - 4
o

(72)(71) 

Fig. 3.2.

Nitrile oxides are known to  be very active 1,3-dipoles6 and as a  model study , 

the  enyne (48) and benzonitrile oxide were reacted together. Benzaldehyde oxime 

(73) was prepared using the m ethod of Howe7 in good yield and th is was treated  w ith 

chlorine a t low tem perature  to  afford benzohydroxim inoyl chloride (74, scheme 3.2). 

Benzonitrile oxide (75) was generated in  s i tu  in the presence of the  enyne (48) and 

the adduct (76) was isolated as a  solid in reasonable yield (43%) (scheme 3.3). The *H 

n.m .r. spectrum  of th is product was particularly  helpful in confirming its s truc tu re , 

the singlet a t 8H 6.65 corresponding to  the resonance due to  the  isoxazole 4-H . This 

is in con trast to  the product (77) arising from  the  a lternative mode of a ttack  of the  

nitrile oxide which would be expected to  exhib it an isoxazole 5-H  resonance a t 

around 8H 8.44 8 (5-C  is bonded to  an oxygen atom ). Also, the vinylic proton reso

nances a t 8H 7.42 and 8H 7 .63 (J  16 Hz) indicate a  trans  d isubstitu tion  pattern  and 

confirm th a t  the  cycloaddition has occured a t  the  triple bond. Thus, we were able to 

confirm th a t the  product isolated was the 3-phenylisoxazole (76).

As th is nitrile oxide dipolar addition had been successful, we decided to  a tte m p t 

a  sim ilar cycloaddition reaction with a  n itrile oxide a ttached  to  a  functional group 

which m ay be readily converted to an am ino function. P rim ary  am ino isoxazoles are
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v QH ci;. CHCI3, -30°C. > Prv\

Cl

OH

(73) (74)

Scheme 3.2.

(48)

0 - N

(75)

(76) 43%

Scheme 3.3.

accessible via the C urtius rearrangem ent of acyl azides,9 and th u s  the  use of the 

ethyl ester nitrile oxide (78) was envisaged. This very active 1,3-dipole is generated 

in s itu  by the action of base on ethyl chloro-oxim idoacetate (79), which in tu rn  is 

prepared by the action of 2 equivalen ts of nitrous acid on glycine ethyl ester hydro

chloride9’ 10 (80, scheme 3.4).

0 “

E t0 2< 

E t0 2O ^ ^  

Cl

NH3+CI- _2HN02 , H20 .^  7 ^ N \ o h  NEt3 .E t2Ov  N+

(80) (79)

C 0 2Et

(78)

Scheme 3.4.
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T he m ain  com peting reaction in nitrile oxide dipolar additions is the d im erisa - 

ti«on of the  nitrile oxide to  give the furoxane a d d u c t (81), (scheme 3.5). (T he pres

en ce  of these com pounds was indicated by t.l.c . analysis of reaction m ixtures, b u t 

th e y  were generally not isolated by the au tho r). To overcome this com petition , and  

th ere fo re  to  ensure th e  m axim um  yield of the  desired cycloadduct, l l/z equivalen ts of 

e th y l ch loro-oxim idoacetate  were used in the reactions w ith the dipolarophiles.

2 R------= =  N+— O’

(81) 

Scheme 3.5.

Typically, a dilu te solution of trie thy lam ine  was added slowly to  a  briskly 

s tirred  ethereal solution of the enyne (48) and  ethyl chloro-oxim idoacetate (79), 

resu lting  in the  isolation of the  appropriate  isoxazole (scheme 3.6). In terestingly , the 

y ields of ethyl isoxazolecarboxylate (45) ob tained  (44%) were alm ost identical to  th a t  

ob tained  for the preparation of the  3-phenylisoxazole (76) (43%).

As with the  1,3-dipolar addition of benzonitrile  oxide to the enyne (48), only 

one ethyl isoxazole carboxylate isomer was isolated. This was assigned the s tru c tu re  

(45) based on the *H and 13C n.m .r. spectral d a ta . T hus, a singlet corresponding to  

the  isoxazole proton resonance appears a t  5H 6.74 which is characteristic of isoxazole 

4 -H . [Compare literature  d a ta 8 and also the  spectra l d a ta  already obtained for th e

3-phenylisoxazole (76); the spectrum  of the  a lte rn a tiv e  s truc tu re  (82) would show a

4-H  proton resonance a t ca. SH 8.44]. D oublets a t  8H 7.60 and 8H 7.41 ( J  16 Hz) 

correspond to  the vinyl proton resonances and  confirm  th a t  the cycloaddition has 

occured a t the alkyne ra ther than  the olefinic bond , and  th a t  the compound possesses
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T he m ain com peting reaction in nitrile oxide dipolar additions is the d im erisa - 

tion of the  nitrile oxide to  give the furoxane ad d u c t (81), (scheme 3.5). (The pres

ence of these com pounds was indicated by t.l.c . analysis of reaction m ixtures, b u t 

they were generally not isolated by the au tho r). To overcome th is com petition, and 

therefore to  ensure the  m axim um  yield of the  desired cycloadduct, IV2 equivalents of 

ethyl chloro-oxim idoacetate were used in the  reactions w ith the dipolarophiles.

2 R = N +- 0 -

(81)

Scheme 3.5.

Typically, a dilu te solution of trie thy lam ine  was added slowly to  a  briskly 

stirred  ethereal solution of the enyne (48) and  ethyl chloro-oxim idoacetate (79), 

resulting in the isolation of the appropriate  isoxazole (scheme 3.6). Interestingly, the  

yields of ethyl isoxazolecarboxylate (45) ob tained  (44%) were alm ost identical to  th a t  

obtained for the preparation of the 3-phenylisoxazole (76) (43%).

As w ith the  1,3-dipolar addition of benzonitrile  oxide to the enyne (48), only 

one ethyl isoxazole carboxylate isomer was isolated . This was assigned the s tru c tu re  

(45) based on the *H and 13C n.m .r. spectral d a ta . Thus, a singlet corresponding to  

the  isoxazole proton resonance appears a t SH 6.74 which is characteristic of isoxazole 

4-H . [Compare literature d a ta 8 and also the  spectra l d a ta  already obtained for the

3-phenylisoxazole (76); the spectrum  of the  a lte rn a tiv e  structu re  (82) would show a

4 -H  proton resonance a t ca. SH 8.44]. D oublets a t  8H 7.60 and 5H 7.41 (J  16 Hz) 

correspond to the vinyl proton resonances an d  confirm  th a t the cycloaddition has 

occured a t the  alkyne ra ther than  the olefinic bond, and  th a t  the compound possesses
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EtO
O - N

(48) (78)

Scheme 3.6.

a  trans  d i-su b s titu ted  vinylic un it. The 13C n.m .r. spectrum  exhibits a  doublet a t Bc 

103.1 corresponding to the resonance due to  4 -C , whilst the  singlets a t Bc 156.7 and 

Bc  159.8 are due to  the resonances of 5 -C  and 3 -C  respectively. This is in con trast to 

the  spectrum  of the  other regioisomer (82) in which the carbon a t position 5 would be 

expected  to  resonate as a  doublet a t == 8C 158, and 3 -C  and 4 -C  would appear as 

singlets resonating a t ca. Bc  149 and Sc  104 respectively.11

In order to  prove th a t our assignm ents are correct for th is struc tu re , the  vinyl 

group was hydrogenated to  furnish the  ethylisoxazole (83, scheme 3.7). [Although 

th is  is also a well known m ethod for the  cleavage of isoxazole N -O  bonds,12 it was 

in teresting  to  note tha t in our hands even a t relatively high hydrogenation pressure 

(18 atm ospheres) the isoxazole portion of the molecule was found to  rem ain i n ta c t . 

In the  n.m .r. spectrum  of th is non-conjugated isoxazole, the 4 -H  resonance 

appears as a singlet at 8H 6.40, and the m ethine carbon a t th a t position resonates at 

Bc  101.7 in the  carbon spectrum . The quaternary  carbons 3-C  and 5-C  produce sig

nals a t  Bc  158.8 and Sc 156.2 respectively, in accordance with the assigned structure .

O ur success with nitrile oxide cycloadditons to  the  enyne (48) prom pted an 

investigation  of the properties of the  diene (50) as a  dipolarophile. The com pound is
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OoEt

O - NO - N

(45) (83) 85%

Scheme 3.7.

know n13,14 and in the  a u th o r’s hands it was readily obtained  in q uan tita tive  yield 

via m esylation and elim ination of the  alcohol (56, schem e 3.8).

1. MsCI, NEt3

2. DBU, A.

(56) (50) 72%

Scheme 3.8.

T reatm en t of the  diene (50) w ith the nitrile oxide (78) in identical fashion to 

th a t used for the enyne (48) resulted in the isolation a fte r  w ork -up  of a  single pro

du c t in 65% yield, (scheme 3.9).

Once again, it was possible to  elucidate the s tru c tu re  of th is compound by 

exam ination of its n.m .r. spectra. F irstly , th a t the  add ition  had taken place a t the 

term inal olefin was indicated by the  pair of doublets in the  n.m .r. spectrum  a t 8H 

6.73 and 8H 6.80 (J  16 Hz) corresponding to  the  resonances of the  vinylic protons 

l ’-H  and 2’-H . Secondly, there are tw o possible isoxazolines which may arise from 

cycloaddition a t the  term inal bond, (49) and (84). The proton n.m .r. spectrum  of 

our isoxazoline exhibits a  m ultip let a t 8H 5.46 and doubled doublets a t 8H 3.17 and SH 

3.46. Exam ination of the  chemical shifts of these signals led us to  believe th a t the 

downfield m ultip le t m ust arise from  the  resonance of a  proton ad jacen t to  the isoxa-
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0 - N
(49) 65%

(50) (78)

OoEt
(84)

Scheme 3.9.

zoline oxygen, w hereas the doubled doublets, resulting  from  the resonances of the  

geminal pair, appear upheld by ^  2 p.p.m . This indicates th a t these protons are far 

less deshielded than  the  proton a t position 5, and hence m ust be ad jacent to the isox- 

azoline C = N  unit. Thus the structu ra l assignm ent (49) would fit the  !H n.m.r. spec

tral inform ation.

Finally, the 13C n.m .r. spectrum  provides the  m ost convincing evidence th a t  the  

nitrile oxide addition has occured to  afford the  regioisomer (49). T hus the  trip le t a t  

5C 39.1 corresponds to  the signal produced by the m ethylene unit 4 -C , and the d o u b 

let a t Sc 83.3 is due to  the resonance of the  m eth ine carbon at position 5.

W ith  the correctly assigned isoxazoline (49) to  hand, we decided to  investigate 

the properties of the com pound with respect to  its reduction and oxidation.

0 2Et

O - N O - N

(49) (85) 86%

Scheme 3.10.
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The vinyl unit of the isoxazoline (49) was hydrogenated, [H2 (gas), P d /C  

(cat.)], to  yield the ethylisoxazoline (85, scheme 3.10). This com pound was subjected 

to  conditions which are known in some cases to  result in cleavage of the  isoxazoline 

N -O  bond, [H2 (gas), P t 0 2 (cat.), AcOHj. 12 Interestingly however, as w ith the e th y - 

lisoxazole (83) starting  m aterial only was isolated.

OoEt

O - NO - N

(49) (45) 67%

Scheme 3.11.

The arom atisation of isoxazolines to  isoxazoles m ay be accom plished using y -  

active M n 0 2 as the dehydrogenating agen t.15 Thus, we found th a t  the isoxazoline 

(49) may be heated under reflux with M n 0 2 in dry benzene to  afford a  single product 

in high yield (scheme 3.11). The spectral and physical d a ta  for th is compound are 

identical to  th a t  of the isoxazole (45) derived from the addition  of the  nitrile oxide 

(78) to  the  enyne (48). This not only provided a corroborative piece of evidence ju s

tify ing our earlier assignm ent of the regiochemistry of the  cycloadditions, but also 

dem onstrated  th a t we now had a  viable and com plem entary second synthetic route 

to  the  stilbene analogue (45).

It was a t this point th a t  we decided to  perform the C urtius reaction on our new 

com pound, in order to obtain  the 3-isoxazolamine (44, schem e 1.7, p. 26), protected 

as the carbam ate . Acyl azides m ay be obtained by the action of nitrous acid on 

hydrazides,16 which in tu rn  are prepared from hydrazine and an ester. Heating the 

acyl azide in a  suitable solvent causes the form ation of an in te rm ed ia te  acyl nitrene 

which rearranges to  give an  isocyanate (86, scheme 3.12). If the  reaction is carried 

ou t in an alcohol as the solvent, then  the product isolated is the  corresponding carba-
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N = Nt=N- RT ^ )

Scheme 3.12.

-► R N = . =  0

(86)

m ate.

(45)

0 2Et ONHNH
O - N O - N

(87) 35%

t-BuOH, A.

ON HC02tBu
O - N O - N

(88) 75% (89) 57%

Scheme 3.13.

W e found th a t heating the isoxazole (45) w ith hydrazine in ethanol yielded the 

hydrazide (87,scheme 3.13). This was then trea ted  w ith nitrous acid a t ice bath tem 

p era tu re  to  afford the acyl azide (88), which was heated under reflux in f-butanol to  

effect rearrangem ent to  the  f-buty l carbam ate  (89). Hence we have dem onstrated 

th a t  th is is a  convenient route for the preparation of 3-am ino derivatives of our isox

azole stilbene analogue (45). Further, it was now possible for us to  use these com

pounds as substra tes  for photochem ical cyclisation reactions.
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4. The Preparation and Photochem istry o f H eterocyclic Stilbene Analogues.

T he photocyclodehydrogenation of stilbene (90, scheme 4.1) was first observed 

by S m aku la1 in 1934 although the reaction product was not identified as 

phenan th rene  (91) until 1950.2 This 6 tr electron conrotatory  electrocyclic ring clo

sure, followed by an in s itu  oxidation of an in term ediary  dihydrophenanthrene, has 

been thoroughly  studied and synthetically is one of the  m ost useful photochemical 

reactions.

hv

X"

(90)

[01

hv

(91)

Scheme 4.1.

Some heterocyclic analogues of stilbene are also known to undergo th is reaction, 

although the yields are usually lower.3’ 4 For exam ple, in a recent synthesis of the 

coenzym e m eth o x a tin 0 the key step  is a photocyclisation of the  compound (92) to 

yield the  trieste r (93, scheme 4.2) in 46% yield. Snieckus has similarly effected the 

photocyclisation of the pyridyl-indolyl stilbene analogue6 (94, scheme 4.3). Pecu

liarly, it was found th a t the 2-pyridyl-3-indoly l stilbene (95) failed to  photocyclise
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MeC

OCOMe MeCOa H,N .

M eC O o N

C 0 2Et

(92)

Scheme 4.2.

(93)

HN

(94)

hv

[O]

NH

(95)

hv

[O]

Scheme 4.3.

(96)
Scheme 4.4.

(97)
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under conditions which are successful for its analogues.7 Some stilbene analogues 

w ith 5 -m em bered  rings containing more than  one heteroatom  have been successfully 

cyclised photochem ically . 1-Styrylim idazole (96) and some of its derivatives were 

converted to  the  corresponding phenanthrene analogues under photochem ical condi

tions (schem e 4 .4).8 A nother example of th is type  of chem istry was dem onstrated by 

Swedish w orkers9 who were able to  oxidatively cyclise the isomeric 4 -  

(arylethenyl)im idazoles (98, scheme 4.5). F inally , W asserm an has reported th a t a  

range of com pounds of the general struc tu re  (99) are cyclised by photochem ical 

m eans to  yield the  products (100, scheme 4 .6).10

HN

X=H, Me. N 02, Cl.

Scheme 4.5.

(100)

N

V R
Q

(99)
Q=0, S. NR1.
R=Me, H. Ph

Scheme 4.6.

W e believed th a t  a  sim ilar electrocyclic ring closure m ight be accomplished w ith 

our pyridyl isoxazole stilbene analogue (45). The conditions we used initially to effect 

the  tran sfo rm atio n  w ere quite standard  for th is  type  of reaction: a  400 W medium
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pressure m ercury lam p w ithin a  w ater-cooled photochemical reactor, the substrate  

dissolved in benzene, with a  trace  of iodine as the oxidant. Under these conditions 

(scheme 4.7), however, a complex m ixture  was obtained. A similar result occurred in 

an experim ent using a Pyrex im m ersion well to  filter out some of the radiation.

hv

X
0 2Et

O - N

[O]

(45)
Scheme 4.7.

A particularly mild set of conditions for the  photocyclisation of heterocyclic 

stilbene analogues have been described by C ava.11’ 12 In th is study, the  authors 

found th a t substra tes containing electron-rich  heterocycles were easily destroyed by 

oxidants. A range of pyrrolylstilbenes (101, scheme 4.8) were photocyclised using 

palladium  on charcoal as the  ox idan t. p-N itrobenzoic acid /trie thylam ine was also 

added to the reaction m ixture as a hydrogen acceptor, preventing the com peting 

hydrogen transfer reaction of the  s ta rtin g  m aterial to give the reduced adducts (102).

I

NH

(101) 
Q=NH, O, S etc.

HN
(102)

Scheme 4.8.
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W hen we subjected our pyridylisoxazole substra te  (45) to these conditions how

ever, irradiation for 18h led to the com plete destruction of the  molecule. The experi

m ent was repeated and th is tim e the course of the reaction was followed by t.l.c. 

analysis. This indicated  the slow disappearance of s ta rting  m aterial bu t after 8h 

a ttem p ted  purification of the reaction m ixture by column chrom atography afforded 

no identifiable products.

It was our opinion th a t the  lack of success we had experienced thus far was 

a ttr ib u tab le  to  the isoxazole N -O  bond in our substrate . Isoxazoles are known to 

undergo photolytic cleavage and subsequently rearrange to  the corresponding oxazole 

(104) via an in term edia te  azirine (103, scheme 4.9). This reaction, as well as other 

photorearrangem ents and reactions with solvent molecules presum ably participates 

in the  degradation of the  com pound (45).

o
//  N

(103)
R

(104)

Scheme 4.9.

We surm ised th a t  changing the ethyl carboxylate group a t 3 -C  of the  isoxazole 

to  a  different functional group would alter the electronic natu re  of the  system and 

fac ilita te  the  desired photocyclisation. An obvious choice of functional group was a 

prim ary am ino m oiety, since we were particularly in terested  in these derivatives. 

F o rtuna te ly , we had already obtained the relevant 3-isoxazolam ine protected as the
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buty l carbam ate  (89) via a C urtius rearrangem ent.

The isoxazolam ine carbam ate (89, scheme 4.10) was irradiated with a  400 W 

m edium  pressure lam p in benzene-m ethanol (3:1) for 8h. However, as with the ethyl 

isoxazolecar boxy late photolysis of the substra te  had occurred, and chrom atographic 

separation of the reaction m ixture gave unidentified decomposition products only.

HC02tBu
O - N

(89) 

Scheme 4.10.
I t  was a t th is point th a t we decided th a t  the  isoxazole ring is too susceptible to  

photoisom erism  and cleavage to  be a viable substra te  for photochemical cyclisation. 

We therefore tu rned  our a tten tion  to the ethenylthiazolam ine (41) in the hope th a t 

th is com pound would prove to be stable to  the  conditions employed in the photocy- 

clic reaction. This first required the preparation of the  stilbene analogue (41), a h ith 

erto  unknown com pound. R etrosynthetic analysis indicates th a t it may be prepared 

from  the  enone (105) and form am idine disulphide (55) under basic conditions 

(scheme 4.11).

H y - s f NH

n h 2 n h 2

Scheme 4.11.

The 2-pyridylenone (105) is known13 and was prepared via the reaction of 2 - 

pyridinecarboxaldehyde (106) and triphenylphosphoranylidene-2-propanone 

(scheme 4.12), as described in the literature.
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0

+  Ph3p t ^ \  
CHO

PhMe, A.

O

(105) 81%

Scheme 4.12.

H eating the enone (105) with form am idine disulphide dihydrochloride in the 

presence of sodium  bicarbonate, according to the m ethod of K ing,14-16 resulted in the 

form ation of an in tractib le black tar. Sim ilarly, in s itu  generation of form amidine 

d isulphide (55) using iodine and th iourea in dioxane at reflux tem pera tu re17 gave an 

inseparable m ixture.

Since these m ethods of thiazole form ation had been unsuccessful, we considered 

th a t  the  preparation  of the halom ethylenone (106, scheme 4.13) followed by tre a t

m ent w ith th iourea would be a  viable route to  the new 2-th iazolam ine (41).

s
. A

h 2n

(106) (41)

Scheme 4.13.

R ussian workers have reported the specific a-b rom ina tion  of 4 -(2 -  

fu rany l)enones18 (107, scheme 4.14). This m ethod employed bromine in acetic acid 

a t reflux tem pera tu re  to achieve the  required transform ation. The b ro- 

m om ethylenones were then trea ted  w ith th iourea to afford the corresponding 2- 

th iazolam ines (108).

W hen we subjected the 2-pyridvlenone (105) to these conditions a  product was 

isolated which decomposed fairly rapidly a t room tem perature. This com pound was 

ten ta tiv e ly  assigned the structu re  (109, fig. 4.1) based on the  !H n.m .r. and mass
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—

O
(107)

Thiourea, dioxane-EtOH, A.

NH2
(108) 

Scheme 4.14.

spectral d a ta .19’20 T he m ost significant peak in the n.m .r. spectrum  is a 3-proton 

singlet a t 8H 2.1 corresponding to  the resonance of the m ethyl protons, confirming 

th a t  brom ination had not occurred a t th is position.

oBr

(109)
Fig. 4.1.

We then decided th a t the most efficient way of preparing the required 

halom ethylenone (106) would be directly from 2-pyrid inecarboxaldehyde and the 

ylid (110). Th is com pound is known 21 and it was prepared according to the litera

tu re  procedure from  1,3-dichloroacetone ( i l l )  and triphenylphosphine to  afford the 

salt (112) which w as then converted to  the ylid (110) w ith sodium  carbonate in high 

overall yield (scheme 4.15).

Hudson and C hopard have reacted the ylid (110) w ith several aldehydes to 

afford the corresponding enones21 but the 2-pyridylchlorom ethylenone (113) has not 

been reported to  have been synthesised by this or any o ther route. We found th a t 

s tirrin g  the ylid (110) and 2-pyridinecarboxaldehyde in dichlorom ethane overnight

AcOH, A
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(111)

Na2C0g 
MeOH, H20 .

P+Ph3 cr

(112) 83%

CLv ^ A ^ P +Ph3

(110) 98%

Scheme 4.15.

a t room tem p era tu re  gave the required product in reasonable yield (scheme 4.16). 

Purification of the  chlorom ethylenone (113) was com plicated by the presence of tr i-  

phenylphosphine oxide in the reaction m ixture, which is notoriously difficult to  

remove by chrom atography. However, we found th a t once the solvents were 

rem oved from  the  reaction m ixture the residue could be extracted  w ith hot ethyl 

acetate. On cooling the  combined ex tracts, triphenylphosphine oxide crystallised out, 

and the m other liquors containing the required product could then be concentrated 

and the residue chrom atographed. This procedure was found to be successful on a 

m ultigram  scale.

C h nN ^ ^ C H O

Cl

o

Cl

(113) 67%(106) (110)

Scheme 4.16.

Once again it was the  n.m .r. spectral d a ta  of the product from  this reaction
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which confirmed th a t the com pound isolated was the chlorom ethylenone (113). For 

exam ple, the  2-pro ton  singlet a t 8H 4.35 in the  1H n.m .r. spectrum  clearly 

corresponds to  the  chlorom ethyl proton resonances. Also, the coupling constant for 

the  sp in -sp in  system  of the alkene protons (resonating a t 8H 7.43 and 8H 7.70) is 16 

Hz, ind icating  a  transoid  relationship  for the  protons. In the 13C n.m .r. spectrum , 

1-C  resonates as a  trip le t a t 8C 47.7, which is a  fu rth e r piece of evidence supporting 

our assignm ent.

s
 X . .

(113)

►

N+‘

NH
(114) 99%

NH3, EtOH.

(41) 95% 

Scheme 4.17.

T he ethenylth iazolam ine hydrochloride (114) was prepared from the 

chlorom ethylenone (113) and th iourea by heating the m ixture under gentle reflux in 

p -d ioxane-e thano l (scheme 4.17), the m ethod of thiazole form ation used by Salda- 

bo ls.18 The solid com pound crystallised from the cold reaction m ixture in good yield 

(99%), and could then either be recrystallised from ethanol or converted to  the free 

base (41) by stirring  w ith 10% ethanolic am m onia.17 T h a t the  2-thiazolam ine hydro

chloride (114) had form ed in the  reaction was clearly indicated by the n.m.r. 

sp ec tru m  of the  com pound. I t  is interesting to  com pare the chem ical shifts of the 

pyridyl proton resonances of the  chlorom ethylenone (113), the  2-thiazolam ine
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hydrochloride (114) and the ethenylth iazolam ine (41) (see table 4.1). There is a clear 

downfield shift in the proton resonances of the ethenylthiazolam ine hydrochloride 

(114) com pared with the pyridyl proton resonances of the free base (the assignments 

were based on literature  d a ta 20 ). The u.v. spectra of (114) and (41) were recorded 

and the  d a ta  are tabu la ted  in the  appendices. Also displayed are the u.v. spectral 

d a ta  for the  isoxazoles (45), (76) and (89), as well as o ther related heterocyclic s til-  

bene analogues, and trans  stilbene (90).

n.m .r. Spectral D ata  for (113), (114) and (41). 

(Pyridyl proton resonances only).

Cpd. 6’ 5’ 4’ 3’

(113) 8.68 7.32 7.76 7.48

Cpd. 6” 5” 4” 3”

(114) 8.66 7.62 8.23 8.02

(41) 8.53 7.21 7.74 7.47

Table l^.l

hv

X
[O]

n h 2

Scheme 4.18.

Both the hydrochloride (114) and the free am ine (41) were subjected to C ava’s 

photocyclisation conditions. This unfortunately  led to the degradation of the starting  

thiazoles, and a ttem p ted  purification of the reaction m ix ture  yielded only decompo

sition m aterial. In a  final a tte m p t to get the reaction to succeed, we used a different
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set of mild conditions 22 which employed ethanol as the  solvent and air as the oxi

dan t. However, we found th a t no products could be obtained from the reaction mix

ture. Thiazoles are known to  rearrange in a  sim ilar m anner to oxazoles and isoxa- 

zoles under certain  photochem ical conditions, and it seems likely th a t th is may have 

contribu ted  to  the  degradation of the molecule. 23

It was a t th is point th a t we decided to  concentrate on alternative m ethods of 

modification of our m olecular system.
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5. The Reduction of 2-A lkylpyridines.

The reduction of pyridines and their quaternary  salts to  the corresponding 

dihydro, te trah y d ro , and hexahydro derivatives has been the subject of a  num ber of 

review s.1 4 However, there is a dearth  of inform ation regarding the reduction of 2- 

substitu ted  pyridines. We were particularly in terested  in the  reduction of such com

pounds leading to  the  form ation of their 1 .2 .5 ,6-tetrahydro derivatives.

In the lite ra tu re  there are two relevant studies carried out in the 1960’s. In the 

first of these, Ferles reduced 2-picoline m ethiodide with sodium  borohydride to yield 

the  te trahvdropyrid ines (115) and (116) in a ratio  of ^  1:6 (scheme 5 .1).5 The second 

s tudy , carried ou t by Lyle, involves the reduction of 1,4 < lim ethyl-2- 

phenylpyrid in ium  iodide (117) again with sodium  borohydride to  afford the te tra h y - 

dropyrid ine (118) as the sole product (scheme 5.2).6

^ 1

N+X^ M e

NaBH4

Me

N
I

Me 

(115) 

Scheme 5.1.

kMe " N '^ M e
I

Me

(116)

Me Me

N+ Ph

Me

NaBH4

Ph

(117)

Me

(118)

Scheme 5.2.

T he m echanism  of these reactions is outlined in scheme 5.3. The initial hydride
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ion a ttack  occurs a t e ither position 2 or position 6 of the  ring; the  interm ediate 

enam ine then abstrac ts  a  proton from  the solvent and the resu ltan t im inium  species 

is reduced by a second hydride ion to form the corresponding tetrahydropyrid ine. 

Thus, it is the in i t ial  position of hydride ion a ttack  which ultim ately  determ ines the 

position of the  double bond in the product. The exam ples cited above illustrate  th a t 

the substituen t a t position 2 exerts a considerable influence over th is initial step  in 

the reduction, and th a t its stereochem ical and electronic characteristics are likely to  

determ ine where the unsatu ration  will occur in the product.

NaBH

H'-S

►

R R
I
R

S=solvent.

S.-H

R

NaBH,

N+ R’ 
I 
R

Scheme 5.3.

W ith th is in m ind, we were keen to  investigate the reduction of our pyridyl 

com pounds. This first required the preparation of the  corresponding quaternary  salts.

The ethenylth iazolam ine (41) was quaternised by reaction with iodom ethane in 

hot acetonitrile  (scheme 5.4). W e discovered th a t it was difficult to  force this reac

tion to  go to  com pletion, and th a t a quan tity  of s ta rtin g  m aterial was usually 

recovered, which could e ither be recycled or carried over writh  the  product to be
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removed after the next stage. The quaternary  salt isolated in this reaction was 

identified from its spectral da ta  as the N -  m ethylpyridinium  iodide (119, scheme 5.4). 

No product resulting from the quaternisation of the thiazolamine portion of the 

molecule was identified in the reaction mixture.

Mel. MeCN. A. ^

(41) (119) 69%

2 NaBH4, EtOH.

Me

(120, 121) 55%

Scheme 5.4.

The .V methylpyridinium iodide (119) was trea ted  with 2 equivalents of sodium 

borohydride in ethanol at 0°C (scheme 5.4). E thanol was found to be the ideal protic 

solvent for this reaction, since unlike methanol it does not readily decompose sodium 

borohydride. Two new compounds were isolated from the reaction mixture, and the 

struc tu res  assigned from their n.m.r. spectra.

Me
NH2

N = (Me
NH

(120) (121)

Fig. 5.1.
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The first product was isolated as a  solid in good yield (55%). The molecular ion 

in the  mass spectrum of this compound appears a t m / z  221, corresponding to the 

mass expected for the isomeric tetrahydropyridines (120 and 121, fig. 5.1). The 

n.m.r. spectrum  of the compound exhibits two groups of signals resulting from the 

resonances of vinylic protons. One set of peaks due to two proton resonances appears 

as a simple pair of doublets a t  == 8H 6.3 (J  16 Hz, indicating a transoid  relationship). 

Clearly, these peaks are due to  the resonances of the side chain vinylic protons ( l ’-H  

and 21-H) of the tetrahydropyridine. Slightly upfield from these resonances are a  

symmetrical pair of doublets with complex hyperfine splitting (8H 5.69 and SH 5.77). 

The coupling constant between the  peaks (J  12 Hz) indicates tha t  the protons 

responsible for these resonances possess a  cisoid  relationship, and hence are sited in 

the  tetrahydropyridine ring.

The most significant feature of the *H n.m.r. spectrum  is the symmetrical 

na tu re  of the peaks at 8H 5.69 and SH 5.77 (fig. 5.2) due to the  ring vinylic proton 

resonances. This implies th a t  the protons reside in very similar magnetic environ

m ents  i.e. that the protons adjacent to each of the vinylic protons have very similar 

characteristics. A comparison of the two structures (120 and 121, fig. 5.1) indicates 

th a t  in the tetrahydropyridine (120) 4 " -H  and 5*'-H are each adjacent to methylene 

protons a t  positions 3” and 6 ’’ respectively. This is in direct contrast to the situation 

in the  tetrahydropyridine (121) in which the vinylic proton 3"’-H is adjacent to the 

m eth ine  proton at position 2” , whilst 4” -H  is next to methylene protons a t  position 

5’\  Thus, the *H n.m.r. spectral da ta  exhibited by the compound more closely fits the 

s tru c tu re  (120), since the te trahydropyridine (121) would be expected to give rise to 

a more complex, asymmetric set of signals in the vinylic region of the ]H n.m.r. 

spectrum .

O pera ting  on the assumption th a t  the structure of our compound was the 

tetrahydropyrid ine  (120), we were able to assign the rest of the peaks in the  *H



- 73 -

F ig .  5 .2 .

1H n.m.r. spectrum of (120).

CM

CM

CO CM

lO CO

CM
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n.m.r. spectrum  by comparison with literature  d a ta  6)7 and by using decoupling 

difference (subtractive decoupling) n.m.r. spectroscopy. In this technique, the 

normal ]H n.m.r. spectrum  is subtrac ted  from the decoupled spectrum, allowing the 

unambiguous assignment of coupled resonances. The n e tt  effect of subtractive 

decoupling is an enhancem ent of the proton resonances coupled to the proton being 

irradiated, whereas the signals due to protons not coupled to the irradiated proton 

tend to zero. (The peak due to the resonance of the irradiated proton itself inverts.)

The results of the decoupling difference experim ent are presented in table 5.1. 

From literature assignments it was clear th a t  the peak a t  8H 2.25 is due to the reso

nances of 3” -H 2, whilst the  signals a t  8H 2.94, SH 3.02 and 8H 3.25 correspond to the 

resonances of the protons a t  positions 2” and 6” . Decoupling the resonance a t  8H 3.25 

produces enhancem ents a t  8H 2.94, 8H 5.69 and 8H 5.77 (the la t te r  pair being the sig

nals due to the tetrahydropyridine ring vinylic protons), indicating coupling between 

these resonances. There is a  diminution however of the signals a t  8H 2.25 (3” -H ) and 

=  8h 6.3 (the signal due to the resonances of the side chain vinylic protons) implying 

zero coupling between these resonances and the irradiated resonance. Similarly, 

decoupling at 8H 2.94 causes enhancem ents a t  8H 3.25 and 8H 5.7. Thus, the doubled 

m ultiplets at 8H 2.94 and 8H 3.25 (J  17 Hz) are due to the  resonances of the geminal 

pair a t  position 6” . Irradiation a t  8H 3.02 on the other hand leads to an enhancement 

of the  resonances a t =  8H 6.3, whereas the signals a t  8H 5.69 and 8H 5.77 collapse 

almost to zero. This result would be expected if the irradiated  signal is due to the 

methine proton a t position 2” , thus confirming our s tructural allocation.

The mechanism of formation of the tetrahydropyrid ine  (120) is illustrated in 

scheme 5.5. Initial hydride ion attack  occurs a t  position 6” and the intermediate 

enamine abstracts  a proton from the solvent to form an iminium  species. This is then 

reduced by a second equivalent of hydride ion, leaving the  ring vinylic unit between 

positions 4” and 5” as in s truc tu re  (120). O ur result is therefore in agreement with
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D e c o u p l in g  D i f f e r e n c e  S p e c t r a l  D a t a  f o r  (1 2 0 ) .

Decoupled 

resonance (SH).

E nhance

m ent (5h ).

Zero enhance

m ent (SH).

Assign

ment.

3.25 2.94, 5.69, 5.77 2.25, 6.3 6” ^ !

3.02 6.3 5.69, 5.77 2” -H

2.94 3.25, 5.69, 5.77 6” -H !

Table 5.1.

4"
5"

6"

Me

(120)

Lvle's s t udy  of the reduction of l ,4 -d im ethy l-2 -phenylpyrid in ium  iodide (117, 

scheme 5.2).

The ethenylte trahydropyrid ine  (120) was converted to its fum ara te  salt (122, 

scheme 5.6) and 0.5 g of this compound was subm itted  for biological testing (see 

appendix  1).

The second product isolated in the reduction of the  A -m ethy lpyrid in ium  iodide

(119) is an oil of lower R F than  the e thenylte trahydropyrid ine  (120), and it possesses 

interesting physical characteristics. The compound was not only found to  be soluble
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H

N+

(119)

HIS

NH
S=solvent.

N = /N = ~i
NHNH

(120)

Scheme 5.5.

Fumaric acid.

NH2

1/2 (0 2CCH=CHC02)2

(120) (122) 79%
Scheme 5.6.

in organic solvents such as dichloromethane, but was also highly soluble in aqueous 

media. When we repeated the reaction we found th a t  we were able to increase the 

yields of both the products by altering the w ork -up  procedure, thus avoiding the loss 

of the water -soluble oil in aqueous washes. This was achieved by removing the water 

used in the work up azeotropically with 2-propanol to afford a residue which could 

be chrom atographed, rather than  extracting the aqueous phase with ethyl acetate. 

This compound has M + 223, which indicates th a t  it is an homologue of the e thenyl

tetrahydropyridine (120).
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N = ^Me

(123)

Fig. 5.3.

In the ]H n.m.r. spectrum there are no peaks in the  region of 8H 6.3 (apart from 

a singlet a t  8H 6.10 corresponding to the thiazole 5-H  resonance). However, a  sym 

metrical pair of doubled m ultiplets are present a t  8H 5.63 and 8H 5.73 (J  11Hz). The 

latter peaks clearly correspond to the te trahydropyridine ring 4” -H  and 5” -H  reso

nances of struc ture  (123, fig. 5.3).

Based on da ta  from the literature 7 and those for the e thenylte trahydropyridine 

(120), it was now possible for us to assign the o ther peaks in the 1 H n.m.r. spectrum. 

Thus doubled m ultiplets at 8H 3.00 and 8H 3.16 (J  17 Hz) are due to the 6” -H2 reso

nances, whilst a multiplet centred a t  8H 2.55 corresponds to the resonances of the 

protons a t  positions 1’ and 2” . Corroboration of these conclusions was obtained from 

the COSY n.m.r. spectrum  (fig. 5.4, table 5.2) of the amide derivative (124), formed 

by .V acetylation with acetic anhydride (scheme 5.7).

MeMe
NHAcNH

(123) (124) 90%

Scheme 5.7.

Thus, cross peaks from the vinylic proton resonances a t  8H 5.63 and 8H 5.76 

indicate coupling with the peaks due to 6” - H 2 (8H 3.17, 8H 3.28) and  3” - H 2 (8H 2.05, 

8h 2.25). Crucially, there are no cross peaks from the vinylic resonances to a  m u lt i-
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F ig .  5 .4 .

COSY spectrum of (124). (Showing cross peaks).
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plet at 8H 2.70 which corresponds to the signals of the protons7 a t  positions 1’ and 2” . 

The m ultip le t a t  8H 2.70 does, however, exhibit coupling with peaks a t  8H 1.70, SH 

2.05 and 8H 2.25, clearly indicating th a t  these last signals are due to the resonances of 

2’- H 2 and 3” - I l 2. Hence, a full assignment is possible.

C O S Y  S p e c t r a l  D a t a  f o r  (1 2 4 ) .

Observed 8H. 

(Assignment.)

Cross Peaks (8H). 

(Assignment.)

5.76, 5.63 

(4” -H ) ,(5 " -H )

3.28, 3.17, 2.25, 2.05 

(6” H), (6” H), (3” -H ),  (3” -H )

2.70 

( l ’- H *  2” -H)

2.25, 2.05, 1.70 

(3” -H ),  (3” -H, 2’-H ), (2’-H)

Table 5.2.

These results led us to consider w hether the reduction of the quaternary  salt of 

an e thylpyridine e.g. (125, fig. 5.5) would lead to the  isolation of a set of reaction 

products  which are different from those isolated after  the reduction of the vinyl 

analogue (41). W e also sought a more efficient way of preparing the e thy lte trahy-  

dropyridine (123) than  merely isolating the compound as a side product in the reduc

tion of the jV-methylpyridinium iodide (119). W ith these aims in mind we embarked 

on a study of methods of reduction of the ethenylthiazolamine (41) and the ethenyl

te trahydropyrid ine  (120).

Turning our a tten tion  firstly to the ethenylthiazolamine (41) we found th a t  the 

compound is resistant to catalytic hydrogenation with heterogeneous catalysts such 

as Pd C, Raney Ni and P t 0 2. This is in stark contrast to the ease with which we 

were able to hydrogenate the isoxazole analogue (45, fig. 5.5), and we suspect th a t  

the  sulphur a tom  in the thiazole moiety acts  as a  cata lyst poison. I t  was clear there-
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n h 2

(41)

Me

(120)

(125) 

Fig. 5.5.

fore th a t  we required an alternative method of hydrogenation.

(45)

M e O ' ^ p  M e02C 
MeO

MeO
\  n 2h 4 , h 20 2. (

MeO M e02C' 
MeO

Scheme 5.8.

In order to reduce the double bond in an in term ediate  containing an isothiazole 

moiety, d i-im ide  has been used to good effect8 (scheme 5.8). Di-imide is a  highly 

active species which may be generated in s itu  by a variety of methods. 9>10 One such 

procedure is based on the oxidation of hydrazine. Japanese workers have developed a 

m ethod employing selenium as the  oxidant, the selenium being catalytic with respect 

to di imide generation if the reaction is carried out in air. 11 We found th a t  this 

method was effective in hydrogenating the ethenylthiazolamine (41) to the 

e thylthiazolamine (125, scheme 5.9) in 63% yield (based on recovered starting  

material). The reaction was clean with no side products, a lthough the conversion 

was always incomplete, despite the fact th a t  an excess of reagents were used.
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Unfortunately, since starting  material and product have similar Rp values, chrom a

tographic separation is difficult.

NH NH(41) (125) 63%

Scheme 5.9.

Sodium periodate has also been used to oxidise hydrazine to di-imide. The pro

cedure we followed was th a t  described by Schlessinger.12 However, when applied to 

the ethenylthiazolamine (41) this technique led only to  the recovery of starting  

materials.

At this point we turned away from oxidative m ethods of di-im ide generation 

and instead a ttem pted  a procedure employed by H ar t .13 This involves the sodium 

acetate induced elimination of p-toluenesulphinic acid from p-  

toluenesulphonhydrazide (scheme 5.10). Typically, the  di-im ide was generated gra

dually by slowly dripping a dilute aqueous solution of sodium aceta te  into a  solution 

of the substra te  (41) and p-toluenesulphonhydrazide in boiling ethanol. We 

observed th a t  the ethylthiazolamine (125) was produced via  this reaction bu t only in 

19% yield, with no starting  material remaining after  w ork-up . This, together with 

the fact tha t  dilute solutions are required for this reaction would have caused prob

lems if the  procedure had been a ttem p ted  on a multigram scale.

O ur attention was next directed to the reduction of the e theny lte trahydropyri

dine (120, fig. 5.5). A particular point of interest was to discover which of the double 

bonds in this compound w7ould be reduced wffien it was subjected to hydrogenation 

conditions. Unfortunately we were unable to effect hydrogenation over Raney nickel 

catalyst, and di-imide reductions w'ith selenium /hydrazine, hydrogen 

peroxide/hydrazine and potassium azodicarboxylate (P A D A )14-16 were also
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A eoQ
H _

NaOAc, EtOH

Scheme 5.10.

H

unsuccessful.

A reaction with sodium aceta te /p-to luenesulphonhydrazide  converted the sub

s tra te  to  a  compound with spectral d a ta  identical to those of the e thy l te trahyd ropy -  

ridine (123) in 39% yield (scheme 5.11) [no product corresponding to the  piperidine 

(126, fig. 5.6) was isolated]. The water-soluble nature  of the  e thylte trahydropyridine 

(123) hindered our efforts to increase the yield of the product, and we therefore 

a t tem p ted  a related procedure developed by Reese.17 This m ethod employs 2,4,6- 

trimethylbenzenesulphonyl hydrazide (127, fig. 5.7) which eliminates the correspond

ing sulphinic acid on heating in boiling methanol, thereby avoiding the need for 

aqueous base. Using a large excess of 2 ,4 ,6-trimethylbenzenesulphonyl hydrazide 

(127) in the presence of the e thenylte trahydropyridine (120) a  partial conversion of 

the  substra te  to the  ethylte trahydropyrid ine (123) was effected. Once again it was 

difficult to separate the product from the starting  material using column chrom atog

raphy.

Sodium hydrotelluride was originally developed as a  reagent by B ar to n 18 and 

has since been used by other groups of workers to reduce a ,/3-unsaturated  carbonyl 

com pounds19 and 3-ethenylquinolines. 20 The reducing agent is generated in s itu  

from tellurium powder and sodium borohydride in the presence of ethanol a t  room 

tem pera tu re  according to the equation in scheme 5.12.

Reaction of the ethenylthiazolamine (41) with sodium hydrotelluride gave the
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TsNHNH2, NaOAc, A.

N = (Me Me
NH

(120)

h n - n h 2

o=s=o
Mi

Me

(127)

Te + NaBH4 + 3 EtOH

(123) 39%

Scheme 5.11.

Me
NH

(126) 

Fig. 5.6.

(41)
Fig. 5.7.

B(OEt3) + 3 H2 + NaHTe

Scheme 5.12.

reduced product (125, scheme 5.13) in 63.59c yield and by generating an excess of the 

telluride reagent a complete conversion of starting  material could be accomplished. 

After an initial induction period a  highly exothermic reaction commenced. W hen this 

had subsided, the mixture was heated under reflux. Some workers have performed 

similar reactions under an argon atmosphere, but we found th a t  nitrogen was per

fectly adequate. W ork-up  and purification was effected by filtration of the m ixture
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to remove the tellurium (which may be recycled), followed by chrom atography or 

crystallisation. On a large scale ( =  50 g starting  material) the reaction has a  ten 

dency to overheat and reflux violently.

NaHTe, EtOH, A.

N = ( N = ^NH
(41) (125) 63.5%

Scheme 5.13.

In a final a t tem p t to discover a  more efficient reducing agent for the e thenyl

tetrahydropyridine (120), we a ttem p ted  the hydrogenation of the  compound in the 

presence of tris(triphenylphosphine)rhodium(I) chloride (W ilkinson’s catalyst). This 

homogeneous catalyst is known in some cases to effect reduction of carbon-carbon 

double bonds in the presence of su lphur.21 Stirring the e thenylte trahydropyrid ine

(120) under hydrogen (4 atmospheres) with this reagent a t  60°C resulted only in the 

recovery of starting material containing base line decomposition products.

With a supply of the ethylthiazolamine (125) to hand, its further reduction was

investigated. Firstly, however, a suitable protecting group for the thiazole primary

amino function was required, since the 2-thiazolamine moiety is not deactivated  by

conjugation as it is in the ethenylthiazolamine (41, fig. 5.7). In the  la tte r  compound,

the inductive effect of the pyridine is transm itted  through the connecting double

bond, preventing quaternisation a t e ither of the thiazole nitrogens (see page 70).

Interestingly, other workers have found th a t  t rea tm en t  of the 4 - (3 -p y r id y l)-2 -

thiazolamine (128, fig. 5.8) with iodomethane leads to quaternisation a t  the  pyridyl 

00nitrogen atom  only.

We thus required a  protecting group for the ethylthiazolamine (125) th a t  would 

be stable to the conditions of TV-quaternisation and sodium borohydride reduction. 

Meakins and coworkers have studied the  use of Ar-subs t i tu ted  2,5-dimethylpyrroles 

as masking agents for primary amines.23 This protecting group is reported to  be
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^ - N H ;

N

(128) 

Fig. 5.8.

stable under a range of conditions, whereas deprotection is effected by trea tm ent 

with hydroxylamine hydrochloride.

The protection of the amino function in our compound was accomplished by 

heating the ethylthiazolamine (125) with acetonylacetone under reflux in the pres

ence of a  catalytic quantity  of p-toluenesulphonic acid (scheme 5.14). The resulting 

2,5-dimethylpyrrole (129) was isolated as an oil (99%) and fully characterised. It is 

interesting to note th a t  in the n.m.r. spectrum  of the compound the resonances of 

I 1 H2 and 2’-H 2 form a singlet at SH 3.20.

PhMe, 4 ,

N = /N = (
NH2

(129) 99%(125)

Scheme 5.14.

This compound was quaternised with benzyl bromide rather than iodomethane, 

since we considered th a t  dealkylation of the resu ltan t iV-benzyl derivative might be 

accomplished with greater ease at a later stage in the synthetic  sequence than  the 

A'-methyl compound. T reatm ent of the 2,5-dim ethylpyrrole (129) with benzyl 

bromide in acetonitrile under reflux gave the the quaternary  salt as an oil which was 

dissolved in ethanol and reacted with two equivalents of sodium borohydride. 

Work up and purification led to a  second oil [RF 0.25 with 1% am m onia in
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m ethanol-acetone-dichlorom ethane (2:3:94) as eluant] in 10% yield over the two 

steps (scheme 5.15).

2 NaBH4

(130) 10%

Scheme 5.15.

The mass spectrum of this compound has M + 299 which indicated th a t  the pri

mary amine (130) had formed, i.e. th a t  deprotection had occurred. The n.m.r. 

spectrum  confirmed this assumption, since there are no peaks present which 

correspond to the resonances of pyrrolyl protons. In fact, there is a  broad exchange

able two proton singlet a t  5H 5.18 which is clearly due to the primary amino proton 

resonances. The remainder of the spectrum  was assigned by analogy with the d a ta  

obtained for the e thylte trahydropyridine (123). Thus, in the 1H n.m.r. spectrum  of 

the  benzyl derivative (130) the doubled m ultiplets a t  6H 5.60 and SH 5.75 due to the  

tetrahydropyridyl ring vinylic proton resonances present a symmetrical shape, indi

cating th a t  the unsaturation lies between positions 4” and 5” . An interesting feature  

of the spectrum is the two proton triplet a t  8H 2.60, corresponding to the  l ’- H 2 pro

ton resonances, and the multiplet due to the methine proton a t  position 2” , which is 

now clearly visible a t  8H 2.85. This is not the  case in the n.m.r. spectrum  of the
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ethylt.etrahydropyridine (123), in which the l ’-H 2 and 2” -H  resonances appear as a  

complex multiplet (see fig. 5.9).

Phthalic anhydride, ^  
CHCI3, A.

N = 1

(131) 51%(125)

Scheme 5.16.

The result of this experiment is surprising for two reasons. Firstly, we had 

expected th a t  a  saturated side chain substituent a t  position 2” would allow the for

mation of the isomeric tetrahydropyridine as well as the  observed product (compare 

the s tu d y 5 by Ferles). Secondly, we were disappointed to find th a t  the 2,5- 

dimethylpyrrolyl protecting group was unstable to the  reaction conditions employed 

during the synthetic sequence, and hence the phthalimide derivative was next 

prepared.

Heating the ethylthiazolamine (125) with phthalic anhydride in chloroform at 

reflux tem pera ture  led to the formation of the phthalimide (131) in 51% yield 

(scheme 5.16). This compound was treated with an equivalent of benzyl bromide in 

acetonitrile under reflux. The product was impure, bu t column chromatography over 

a lum ina eluting with 2-propanol-ethyl acetate gave first an orange glass (RF 0.65, 0.4 

M am m onium  chloride in methanol) and secondly the quaternary  salt (132) as a  cry

stalline solid in relatively low yield (15%, scheme 5.17). Altering the reaction condi

tions in an effort to increase the yield of the qua te rnary  salt (132) had little or no 

effect. For example, stirring the phthalim ide (131) and benzyl bromide together a t  

room tem perature  merely resulted in an increased quan ti ty  of the orange glass. 

Despite a t tem p ts  at purification, we were unable to identify the glass, and we there -
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Fig. 5.9.

1H n.m.r. spectra of (123) and (130). (Between 8H 1.6 and sH 3.2 only).
CM

_o

_o

to



fore continued with the synthetic sequence.

PhCH2Br

N = ^

(131) (132) 15%

N = /

(133) 43%

Scheme 5.17.

Sodium borohydride reduction of the quaternary  salt (132) led to the  isolation 

of the phthalimide protected ethylte trahydropyridine (133, scheme 5.17) as a  solid in 

13/t yield. The COSY n.m.r. spectrum  of this compound was not only invaluable in 

confirming tha t  we had correctly assigned the s tructure  of this compound, but also 

the other e thylte trahydropyridines th a t  we had so far obtained (fig. 5.10, table 5.3). 

Thus, there are cross peaks from the 6” -H 2 resonances (8H 3.00, 8H 3.12) to m ulti-  

plets a t  8h 1.95 and 8H 2.30. These are clearly due to homoallylic coupling between 

the resonances of 6'*-H2 and those of the protons at position 3” . There are also cross 

peaks from the trip le t (J  8 Hz) a t  8H 2.71 due to the l ’- H 2 resonances, to multiplets 

a t  8h 1.76 and 8H 2.05. The la t te r  signals are therefore due to the resonances of the 

protons a t  position 2’. Further ,  the cross peaks between the resonances a t  8H 1.76 

and 8h 2.05, and also between those a t  8H 1.95 and 8H 2.30, indicate th a t  each pair of 

protons is located on the same carbon atom, i.e. 2’- C  and 3” - C  respectively. 

Finally, a  m ultip le t a t  8H 2.93 exhibits cross peaks to the  la t te r  signals (due to 2’- H 2



-  9 0 -

and 3” -H 2), and is thus assigned as the resonance of 2” H.

C O S Y  S p e c t r a l  D a t a  f o r  (1 3 3 ) .

Observed SH. Cross Peaks ($H).

(Assignment.) (Assignment.)

3.12, 3.00 2.30, 1.95

(6” -H ), (6” -H ) (3” -H ), (3” -H )

2.93 2.30, 2.05, 1.95, 1.76

(2” -H) (3” -H ), (2’-H), (3” -H), (2’-H)

2.71 2.05, 1.76

( l ’- H 2) (2’-H ), (2’-H )

2.30 1.95

(3” -H) (3” -H )

2.05 1.76

(2’-H) (2’-H )

Table 5.3.

So far we had found that:

1. The sodium borohydride reduction of a  pyridyl quaternary  salt with an unsa

tu ra ted  2 -substituent leads to a  1,2,3,6-tetrahydro derivative (120).

2. The sodium borohydride reduction of pyridyl :V-benzyl bromides with sa tura ted  

2 -substituen ts  also leads to 1,2,3,6-tetrahydro derivatives (130 and 133).

We were therefore interested to discover whether reducing the size of the TV-alkyl 

group in the case of the saturated  side chain compound would lead to the formation 

of a  1 ,2 ,5,6,-tetrahydro derivative. Hence the phthalim ide (131) was heated with 

iodomethane in acetonitrile. The methiodide (134) crystallised from the cool reaction 

m ixture  in high yield (75%), and this was recrystallised from e thanol-m ethanol to
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F ig .  5 .1 0 .

COSY spectrum of (133).

N =■
Ph

(1 3 3 )

2.5 1.5 123



afford the pure compound (scheme 5.18). tIt was interesting to note the high yield 

and clean reaction to form the methiodide derivative (134), compared with the 

analogous reaction to form the benzyl bromide (132)]. The methiodide (134) was 

treated with 2 equivalents of sodium borohydride, and after lh the normal w ork-up  

procedure was followed. Thus, the solvents were removed in vacuo , the residue was 

acidified, then basified, and extracted with ethyl acetate. We were very surprised to 

find th a t  t.l.c. analysis of the organic extracts  showed no sign of any products. The 

aqueous washings were therefore concentrated by azeotropically removing the water 

in the presence of 2-propanol. The resulting residue was chromatographed over silica 

gel to afford an oil (1 g). The *H n.m.r. spectrum  of this oil indicated th a t  we had 

isolated a mixture of the  tetrahydropyridine isomers (123) and (135). For example, 

singlets a t  8H 6.08 and 8H 6.14 (integral ratio 1:3) appeared to correspond to the 

respective 5-H thiazole proton resonances. Also, the vinylic region (8H 5.55-5.95) 

showed a complex set of peaks, although it was interesting to note th a t  there were no 

peaks due to phthalimide proton resonances.

Mel. MeCN. A. ^

N+
N = / Me

(131) (134) 75%

Me
NH2

Me
NH

(123) 12% (135) 5%

Scheme 5.18.
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It was possible to separate the compounds present in the m ixture by the use of 

preparative centrifugally accelerated thin layer radial chrom atography, and on a 

larger scale with "flash" chromatography. Using these techniques, we isolated a  pro

duct [Rf 0.45, 1% NH3 in m ethanol-acetone-chloroform  (2:3:10)] which exhibited 

spectral da ta  identical to tha t  of the tetrahydropyridine (123). The other compound 

isolated, also with R F 0.45, and with the same molecular mass as the tetrahydropyri

dine (123), was identified by analysis of its spectral da ta . In particular, extensive use 

was made of the various high field n.m.r. techniques available to us.

W hilst the n.m.r. spectrum is complex, (fig. 5.11), the 13C n.m.r. spectrum is 

comparatively straightforward to assign, assuming th a t  the compound is the isomeric 

tetrahydropyridine (135). Thus, from  literature d a ta 7 the peaks a t  8C 129.2 and 8C 

125.4 were assigned as the 3” -C  and  4” -C  resonances respectively. Also, a  doublet a t  

8C 61.3 is clearly due to the resonance of 2” -C . Next, the  C -H  correlation spectrum 

(fig. 5.12, table 5.4) gave us a  starting  point in the 1H n.m.r. spectrum. Hence, there 

are cross peaks from the resonances a t  8^ 129.2 and 8C 125.4 to peaks a t  8^ 5-58 and 

8h 5.80 respectively. The latter  peaks are therefore assigned as the  3 ’-H and 4” -H 

resonances. Another obvious cross peak is between the resonances at 8C 61.3 and 8H

2.72 and we may thus assign the latter  as being due to 2*’-H.

C -H  C o r r e l a t i o n  D a t a  f o r  (1 3 5 ) .

8c Sh Assignment.

61.3 2.72 2”

129.2 5.58 3”

125.4 5.80 4”

Table 5.4•
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Fig. 5.11.1 H n.m.r. spectrum of (135). (5h 1.6-6h 3.0 and 5h 5.55-5^ 5.85).

N —Me NH
(1 3 5 )

1.62.83.0 2.4 2.2 2.0 

2 "

1.82.65.8 5.6

3" 4"
MHH WMI lP Wfc

1?C 100 80

-© -

C-H Correlation spectrum of (135). 
Fig. 5.12.

PPM
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We were now in a position to analyse the *H n.m.r. spectrum  by using the 

decoupling difference technique. The results are summarised in table 5.5. Irradia

tion of the resonance a t SH 5.80 (4” -H ) gives enhancem ents a t  SH 2.00, 8H 2.27, 8H

2.72 and 8H 5.58. Hence it is coupled to the resonances of adjacent protons a t  3” -H  

and 5” -H2 (8H 5.58, 8H 2.00, and 8H 2.27 respectively) and also exhibits allylic cou

pling to the  resonance a t  8H 2.72 due to 2”-H. The irradiated resonance a t  8H 5.58 

(3” -H ) gives its strongest enhancements a t 8H 5.80 (4” -H) and 8H 2.72 (2” -H). 

There is also weaker enhancem ent of the signal at 8H 2.27 (5” -H ) due to allylic cou

pling. A different pa ttern  is shown by the irradiation of the resonance a t  8H 2.87. 

The strongest enhancem ent occurs a t  8H 2.43, but there is also enhancem ent of the 

signals a t  8H 2.00 and 8H 2.27 (5” - H 2), whilst the remainder of the spectrum  shows 

zero enhancem ent. The peak a t  8H 2.87 is thus assigned as being due to  the resonance 

of a  proton a t  position 6” , the geminal resonance appearing a t  8H 2.43. Finally, irra

diation of the resonance a t  8H 2.72 gives enhancem ents as expected a t  8H 5.80, 8H 

5.58, and also a t 8H 1.87, indicating th a t  the latter resonance is due to 2’- H 2.

D e c o u p l in g  D i f fe r e n c e  S p e c t r a l  D a t a  f o r  (135 ).

Decoupled 

resonance (SH).

Enhancem ent (8H). Zero enhance

m ent (8h ).

Assign

ment.

5.80 5.58, 2.72, 2.27, 2.00 2.87, 2.4-2.7, 1.87 4” -H

5.58 5.80, 2.72, 2.27 2.87, 2.4-2.7, 1.87 3” -H

2.87 2.43 , (2.27, 2.00) 5.80, 5.58, 1.87 6” - ^

2.72 5 .80 , 5 .58 , 1.87 --- 2” -H

Table  5.5.

KEY: s t r o n g ,  medium, (weak) enhancements.

Confirmatory evidence was obtained from the CO SY spectrum  (fig. 5.13, table
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F ig .  5 .1 3 .

COSY spectrum of (135).

6 "  2 "  1 '  1 '  6 "
2 '

w
2.5 1.5
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5.6) particularly the region between SH 1.8 and 8H 3.00.

C O S Y  S p e c t r a l  D a t a  f o r  (135).

Observed 8H. Cross Peaks (8H).

(Assignment.) (Assignment.)

2.87 2.43, 2.27, 2.00

(6”-H) (6”-H ) ,  (5” -H ), (5” -H)

2.72 1.87

(2” -H) (2’- H 2)

2.62 2.52, 1.87

( l ’-H) ( l ’-H ),  (2’- H J

2.52 2.62, 1.87

( l ’-H) ( l ’-H ),  (2’- H 2)

2.43 2.27, 2.00

( 6 - H) (5” -H), (5” -H)

2.27 2.00

(5"-H) (5” -H)

1.87 2.72, 2.62. 2.52

(2’- H 2) (2” -H ),  ( l ’-H ), ( l ’-H)

Table 5.6.

The points to note in particular from the COSY da ta  are the cross peaks 

between the resonances due to 5 " -H 2 and 65,- H 2 and also the cross peaks between the 

resonances a t  8H 2.52. SH 2.62 ( l ’- H 2) and 8H 1.87 (2’- H 2). Thus we can be confident 

in our s truc tura l assignment, and have thus  proved tha t  it is possible to  obtain a  2 -  

subs ti tu ted  1,2,5,6-tetrahydropyridine by choosing the correct substra te  for reduc

tion.
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6. Further Studies in the C hem istry of 2-Thiazolam ines.

An im portan t objective of our work was to  effect the cyclisation of com pounds 

such as (39) to  the tricyclic products of the  type (32, fig. 6.1).

Het.

Het.

(39) (32)
Fig. 6.1.

The oxidative cyclisation of various bis-aryl system s has been studied by 

several groups of workers. For exam ple, A kerm ark and coworkers used a palladium  

initiated  cyclisation in the transform ation  of com pounds of the general struc tu re  

(136) to  give the products (137,scheme 6 .1).1 Under sim ilar conditions, Itah a ra  was 

able to  cyclise the indole derivative (138) to  yield the tetracyclic com pound (139, 

scheme 6.2).2>3 We therefore hypothesised th a t a palladium  m ediated cyclisation 

m ight be appropriate  to our system s.

Q= O, S, NAc

Pd(OAc)2

(137) 
Scheme 6.1.

In an early experim ent, the  ethylisoxazole (83, fig. 6.2) was heated with palla

dium  aceta te  in trifluoroacetic acid for several hours in an tic ipation  of form ing (140, 

fig. 6.2). However, this trea tm en t led to  the  decom position of s ta rting  m aterial w ith
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no trace of product. A sim ilar result was obtained for the e thylth iazolam ine (125).

o o

file Me

(138) (139)
Scheme 6.2.

Brom ine or iodine atom s situa ted  on one or both  of the  arom atic rings are 

known to  fac ilita te  some palladium  induced coupling reactions. W e therefore 

decided to  prepare the  4-brom o derivative (141, fig. 6.2) of the  ethylthiazolam ine 

(125). Since an in itial a tte m p t a t  halogenation w ith brom ine in acetic acid was 

unsuccessful, perhaps because of salt form ation, we tu rned  to  an a lternative  m ethod, 

where acidic conditions are avoided. 2 ,4 ,4 ,6-T etrabrom ocyclohexa-2 ,5-dienone (142, 

fig. 6.2) has been used to  brom inate arom atic am ines, although there is no record of 

its use w ith heterocycles.4 We found th a t with th is reagent the 4 -brom othiazolam ine 

(141) was produced in 56% yield. (This product decomposes fairly rapidly a t room 

tem peratu re , and is not easily chrom atographed).

The 4-brom othiazolam ine was heated w ith palladium  aceta te  in acetic acid 

under reflux, bu t as before nothing corresponding to  the required com pound was 

identified in the  reaction m ixture.[A  sample of the  product (143, fig. 6.2) obtained by 

the route outlined in scheme 1.2 (page 22) was supplied by O rganon for comparison].

A t this point we turned our a tten tion  to the reduced com pounds. In particular, 

we considered th a t  a  cyclisation m ight be accom plished via  an epoxide derivative of 

the general s tru c tu re  (144) or (145, scheme 6.3). This m ight be possible either by 

direct reaction of the  2-th iazolam ine m oiety w ith the  epoxide, or by ring opening, 

followed by reaction w ith the allylic alcohol derivative (146).

Lyle5>6 has prepared epoxides of the type (147) and subsequently  ring opened
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O - N
(83)

(140)

O

Br Br

Br

(142)
Fig. 6.2.

NH(125)

NH(141)

(143)

them  to  the corresponding allylic alcohols (148, scheme 6.4). The transform ation  was 

accom plished by the action of an aqueous solution of brom ine and sodium  bromide 

on the te trahydropyrid ine hydrobrom ides, followed by trea tm en t w ith aqueous 

sodium  hydroxide.

Thus we used these conditions in an a tte m p t to epoxidise the  te trah y d ro p y ri- 

dines (130) and (123, fig. 6.3). In each case the hydrobrom ides were form ed in s itu 

and these were each treated  with an aqueous solution of brom ine and sodium  

brom ide. W ork-up  in both cases resulted in the recovery of s ta rtin g  m aterials w ith 

polar decom position products. A sim ilar result was obtained  w hen the  phthalim ide 

(133) was subjected to brom ination-hydrolysis conditions.
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Ph

N

Me
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HBr
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Me

1. Br2-NaBr, H2Q

2. NaOH

Ph
O

N 

rile

(147)

PhLi

OH

Me

(148)

Scheme 6.4.

A nother m ethod of preparation of epoxides is by the  use of a  peracid such as 

m -C P B A . W ith  our substra tes th is reaction is com plicated by the presence of am ino 

functions in the  molecule which are readily converted to  A -ox ides by peracids. Thus,



-  104 -

attem pted  epoxidation of the phthalim ide (133) and the ethy lte trahydropyrid ine 

(120) in / B uO H /C H 2C12 led to polar products which decomposed on a ttem pted  

purification.

Me
NH

Me
NH

(130) (123)

(133)

Fig. 6.3.

Me

(120)

NH

In subsequent work we sought to  minimise side reactions, and therefore decided 

to investigate the chem istry of carbam yl derivatives. There is good litera tu re  pre

cedent for this; for example, epoxides of the type (149) have been reported .7 These 

com pounds were prepared by the action of perbenzoic acid on the protected te trah y 

dropyridine (150), which was obtained from the benzylam ine (151, scheme 6.5). We 

considered th a t the  protection of the  tetrahydropyridyl ring am ino function as a  car

bam ate in our com pounds would allow the form ation of the corresponding epoxide 

and exclude jV-oxide form ation and ring opening.

In the litera tu re  study cited above, the  conversion to  the  carbam ate  (150) was 

achieved by heating the benzylam ine w ith ethyl chloroform ate in benzene under 

reflux. W hen these conditions were applied to  our substra te  (133), however, only
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CICOgEt, PhH, A.2 NaBH,
►

(151)

PhC03H

C 0 2Et 

(150)

1. HBr, -50°C. t
2. AC2O, C5H5N. 

N '  3. DBU.
| 4. NaOH.
C 0 2Et

N

i 0 2Et

(149) 

Scheme 6.5.

starting  m aterial was isolated. Repeating the procedure using toluene as the  solvent, 

and an extended period of reflux sim ilarly had no effect. N either did the use of 

m ethyl chloroform ate or trichloroethyl chloroform ate.8

Since the direct production of the carbam ate  had been unsuccessful we decided 

th a t deprotection of the  benzyl group, followed by the reaction of the  resulting 

secondary amine with a  chloroform ate would be the  m ost efficient m ethod of produc

ing the carbam ate. The m ost generally used m ethod for the depro tection  of benzyl 

groups is catalytic hydrogenation. This could not be used w ith our com pounds 

because of the effect of the  thiazole sulphur atom , which seems to  ac t as a  ca ta lyst 

poison. A lternative m ethods of jV-dealkylation include the  use of sodium  in 

am m onia, and reaction w ith iodotrim ethylsilane.9-11 B oth of these m ethods were 

a ttem pted  with the benzylam ine (133), bu t neither gave the required com pound, 

s tarting  m aterial being recovered in both cases.

Strongly acidic conditions are known to  induce cyclisation in some com pounds. 

For example, 2 -benzylte trahydropyrid ines (152) undergo "G rew e"-type cyclisation
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with hydrobrom ic or phosphoric acid to give the corresponding benzom orphans

(153).12 A sim ilar reaction m ight be envisaged w ith our com pounds (123, 135) to  

yield either the six or seven m em bered ring derivatives. H eating the e th y lte trah y d ro - 

pyridines (123) and (135) in 48% hydrobrom ic acid under reflux led to  the  destruc

tion of the compounds, and th is is a fu rth e r indication of the  sensitive na tu re  of our 

substrates.

HBror HqP04l A.

(152) (153)

Scheme 6.6.

By this tim e we had been able to  prepare a  pure sample of the 1,2,5,6— 

tetrahydropyrid ine (135) and we therefore decided to  exam ine palladium  induced 

m ethods of aryl-alkene coupling.13 The Heck reaction is a  general m ethod involving 

the cis addition of a  r^-A rfPd] species across a  double bond .14-16 In cases where th is 

generates a /3-hydrogen syn  to  the [Pd], elim ination of H -[Pdj occurs to  give a  new 

alkene (scheme 6.7). Regioselectivity depends on both steric and electronic factors. 

For exam ple, it has been reported th a t the  coupling of bromobenzene to  styrene

(154) with palladium  occurs exclusively a t 2-C  to  give trans  stilbene (90, scheme 

6.8).14 Similarly, the palladium  acetate  induced reaction between styrene and ben

zene results in the form ation of trans  stilbene (90, scheme 6 .8 ).17

Heterocyclic com pounds are also known to  undergo the Heck reaction. For 

exam ple, Japanese workers were able to  alkenate furans, thiophenes and indoles with 

various alkenes to  give the  corresponding transoid  p roducts (155, schem e 6.9).18 

Similarly, in a  recent synthesis19 French workers coupled brom ofurans and
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Me N =
NH

(135) 

Fig. 6.4.

J +  PdArX

(154)

—  P d — Ar

Scheme 6.7.

Pd(OAc)2

X=Br, H.

Scheme 6.8.

>Ar

l| +  [Pd]-H

(90)

(155)Q=S, O Q=0, NR’

Scheme 6.9.

brom othiophenes w ith a  cts d isubstitu ted  alkene using H eck-type conditions (scheme 

6 . 10).

Although some arom atic species require a halogen atom  (Br, I) or a  m etal sub

s titu en t to  d irect the  initial palladation step, w ith  heterocycles th is  is not always 

necessary. R ecently , there  have been several reported  exam ples of intram olecular 

Heck reactions.20-23 For exam ple, T rost has used a  P d 2+-A g + m ixed m etal system  to



0  PPh3, K2C03. 

Q>0, S.

Scheme 6.10.

cyclise alkaloids of the general s truc tu re  (156, scheme 6.11).24’ 25 This reaction 

appeared to be of particu lar relevance to our system  since it was carried ou t on a 

substra te  bearing a tertia ry  am ino function. U nfortunately , when we used these con

ditions with the te trahydropyrid ines (123) and (135) as the substra tes, w ork -up  and 

purification led to  the isolation of starting  m aterials only.

Ag+-Pd2*

(156)

Scheme 6.11.

The palladium  induced alkenylation of thiazoles has not been reported. Thus, in 

order to  determ ine w hether th is type of reaction would be viable, we decided to  per

form  a model study using 2-thiazolam ine (157, fig. 6.5) and styrene (154). These 

com pounds were heated together in acetic acid under reflux for 8h w ith palladium  

aceta te  (1 eq.). An excess of 2-thiazolam ine (157) was used to  reduce the likelihood 

of oxidative coupling of the  alkene, producing butadiene derivatives. W ork-up  and 

purification led to  a  m ixture of com pounds of identical R F values which appeared to  

contain 2-th iazolacetam ide (158, fig. 6.5) and ano ther product which showed 

arom atic resonances in the  *H n.m .r. spectrum . Encouraged by th is result, we 

repeated the reaction, th is tim e using 2-th iazolacetam ide (158) and styrene (154)
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(1:1), palladium  aceta te  (0.15 eq.) and copper aceta te  (2 eq.) as an oxidant for the 

palladium  (scheme 6.12). A fter 8h under reflux in acetic acid we were able to  obtain 

a  pure product from this reaction, although the  yield was not high (30%).

NH2 NHAc

S ^ N  S ^ N
\ = J  W
(157) (158)

Fig. 6.5.

Spectral d a ta  suggest th a t  it is the  p roduct resulting  from  the coupling of 2 - 

th iazolacetam ide and styrene, i.e. e ither (159) or (160) (A/+, 244) (scheme 6.12). 

Thus, the n.m .r. spectrum  contains peaks due to  the  resonances of phenyl protons 

(8H 7.40) and also a  3 -pro ton  singlet a t 8H 2.26 due to  the  am ide m ethyl resonance. 

In terestingly, the  vinyl proton resonances appear as tw o singlets a t 8H 5.30 and 8H 

5.54. This strongly indicates th a t coupling has occurred a t  l ’-C  to give the product 

(160), since the  a lte rna tive  1’, 2 ' - t rans  d isubstitu ted  com pound (159) would exhibit 

a pair of doublets (J  16 Hz) in the  n.m .r. spectrum . Confirm ation of our 

hypothesised struc tu re  was obtained from the 13C n.m .r. spectrum , in which a  trip le t 

at 8C 115.0 corresponds to  the  resonance of the  m ethylene carbon (2’-C ). We next 

had to  determ ine the  position of coupling on the  thiazole ring. The m ost active posi

tion of thiazoles for electrophilic a ttack , and therefore the  m ost likely to  have cou

pled (after the  blocked 2 position) is 5--C.26’ 27 E xam ination  of the *H n.m .r. spectral 

d a ta  indicated th a t this was the case, since there  are no peaks in the region 8H 6.1-7.1 

which would correspond to  the resonance of 5-H . Also, the  13C n.m .r. spectrum  exhi

bits a singlet a t 8C 126.5, assigned as the resonance of 5 -C , and a doublet a t  8C 134.8 

corresponding to  the  resonance of 4-C . Thus, s tru c tu re  (161) is correct. The u.v. 

spectral d a ta  for th is com pound are presented in a  tab le  in the  appendices for com

parison with o ther related  molecules.
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NHAc

NS A

\ = J
(158)

(159)

NHAc

Pd(OAc)2,
NHAcCu(OAc)2 

HOAc, A.

(160)

Scheme 6.12.

Using the coupling conditions we had developed for the  interm olecular reaction 

(scheme 6.12) w ith the tetrahydropyrid ine (135) and the  acetam ide [162, fig. 6.6, 

obtained from  the acetylation of (135) with acetic anhydride in 88% yield], did not 

however result in the  cyclisation of the compounds. This m ay be due to  the presence 

of the  tertiary  am ino function in the  molecule, which we hoped would be protonated 

and therefore protected under the  reaction conditions. We have nonetheless dem on

stra ted  the utility  of a  palladium  m ediated thiazole-alkene coupling reaction, which 

has potential for use in o ther syntheses.

NHAc

S '^ 'N

Me
NHAc

(161) (162)

Fig. 6.6.
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E X PE R IM E N T A L .

7.1 General.

Solvents and R eagents.

"Petrol (60-80°C)" refers to th a t fraction of petroleum  ether boiling in the range 

60-80°C, which was distilled prior to use. T H F was distilled under an atm osphere of 

nitrogen a fte r drying w ith sodium  in the presence of benzophenone, and diethyl e ther 

(ether) was dried over sodium -lead alloy and then over sodium  wire. 

D ichlorom ethane, benzene, acetonitrile and 2 -p ico ly l-lith ium  were distilled from  cal

cium  hydride, and triethylam ine and di-isopropylam ine were distilled from  calcium  

hydride and stored over 3A molecular sieves. O ther solvents and reagents were 

either purified by following the procedures outlined in Puri f i cat ion of Laboratory 

C h e m i c a l s or used in the form  obtained from the chemical suppliers.

Chrom atography.

M edium  pressure (Flash) column chrom atography was used in general for the 

purification of reaction m ixtures. "Silica gel" refers to Amicon M atrex 84072 silica gel 

(230-400 m esh), or M erck 9385 silica gel. "Alumina" refers to  Aldrich 19,997-4 neu

tral alum ina. In addition , preparative centrifugally accelerated thin layer radial 

chrom atography was employed for some separations, using a model 2 C hrom atotron.

Thin layer chrom atography (t.l.c.) was used extensively for following the course 

of reactions, for the analysis of fractions from  chrom atographic colum ns and for 

assessing the purity of compounds. It was perform ed on alum inium  plates coated 

w ith kieselgel 60 F 2s4 silica gel, and com pounds were visualised in the first instance 

by illum ination with short wavelength (254 nm) u.v. light. T hereafter visualisation 

was achieved using one of the following:
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1. Aqueous potassium  perm anganate solution.

Sp r a y /d ip  solution:  3 g Potassium  perm anganate , 20 g potassium  carbonate dis

solved in 5 cm 3 5% aqueous sodium hydroxide and 300 cm 3 w ater.

2. 2,4-D initrophenylhydrazine (DNP) for aldehydes and ketones.

S p r a y /d i p  solut ion:  12 g 2 ,4- DN P in 60 cm 3 conc. H2S 0 4 added to 80 cm 3 w ater and 

200 cm 3 95% ethanol.

3. Dragendorff reagent (according to  M unier and M acheboeuf) for alkaloids and 

other nitrogen-containing com pounds.2

Solu t ion  a: 0.85 g bism uth (III) n itra te  in 10 cm 3 glacial acetic acid and 40 cm 3 

water.

Solu t ion  b: Dissolve 8 g potassium  iodide in 20 cm 3 w ater.

Stock solution:  Equal parts a  and b, mixed.

S p r a y /d i p  solution:  Stock solution (1 cm 3) mixed with glacial acetic acid (2 cm 3) 

and w ater (10 cm 3).

Retention factor (Rp) values are given for new com pounds, particularly  where 

more than one com pound was present in the  reaction m ixture. These are quoted in 

the form  (R F m, solv. n) where m —numerical value of R F and n = l,2 ,3 ,4  or 5, the 

la tte r refering to  the five most commonly employed solvent system s for the  elution of 

t.l.c. plates. Thus,

solv. 1 = E thyl aceta te -petro l (60 80°C) (1:1). 

solv. 2 = E thyl aceta te -petro l (60-80°C) (1:3). 

solv. 3 = 1 %  T riethylam ine in ethyl acetate, 

solv. 4 = 0.4 M Am m onium  chloride in m ethanol.

solv. 5 = 1% Am m onia (.880) in m ethanol-acetone-chloroform  (2:3:10).
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O ther solvent s \s te in s  used are quoted in full in the tex t.

Spectroscopy.

All physical d a ta  were recorded using the instrum ents a t th e  U niversity of B ath, and 

O rganon SDG, Newhouse, Lanarkshire. U ltra  violet (u.v.) spectra were recorded 

betw een 190-390 nm in 95% ethanol solution. The suffix Hsh" refers to  a  shoulder or 

po in t of inflection. Infra red (i.r.) spectra were recorded and  corrected w ith reference 

to  the  absorptions of polystyrene film. The appended le tte rs  (s, w, br) refer to  the 

type of signal i.e. strong, weak, broad. Nuclear m agnetic resonance (n.m .r.) spectra 

were recorded w ith TM S as an internal standard , and  chemical shift values are

quoted in p arts  per million downfield from  TM S. T he order of citation in

parentheses is as follows: (i) num ber of equivalent nuclei (by in tegration), (ii) m ulti

plicity (s, d, t, m etc.), (iii) coupling constan t e.g. J x y 5 Hz, (iv) assignm ent. W here 

hyperfine sp litting  occurs, m ultiplicities are given in the  form  Mtd" (triplet of doub

lets), "dm" (doublet of m ultiplets) etc. and the J  values are quoted in the order: 

largest to  sm allest. Mass spectral da ta  are given in the form : peak (relative in ten - 

sity% ), with the assignm ents (e.g. \ 1 +) and type of ionisation specified.

Instrum entation.

m.p. E lectrotherm al Mk II.

g.l.c. Packard  429.

u.v. Perk in -E lm er L am bda 3.

i.r. P erk in -E lm er 197.

P erk in -E lm er 938 G.

!H n.m .r. Jeol GX F T  400 (400 MHz).

Jeol GX F T  270 (270 xMHz).

Bruker AM 200 (200 M Hz).

V arian EM -360 (60 MHz).
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Hitachi P e rk in -E lm er R24 (60 MHz).

13C n.m .r. Jeol GX F T  270 (67.8 MHz),

m.s. VG 7070E with 2000 d a ta  system .

Elem ental. Carlo E rba E lem ental Analyser model 1106.

7.2 Experim ental to  Chapter 2.

Preparat ion  of l - (  2-pyridyl)-3-buten-2-oP (56 ) . -  D i-isopropylam ine (1.8 cm 3, 

12.8 mmol) was dissolved in dry T H F (30 cm 3) under nitrogen and th is was cooled to  

-10°C for 10 m inutes. n -B u ty l- lith iu m  (7.36 cm 3 of a 1.6M solution in hexane) was 

added slowly dropwise to  the  stirred  solution and a fte r a  fu rth e r 10 m inutes 2 - 

picoline (1 cm 3, 10.7 mmol) was added. The m ixture was stirred  a t room tem pera

ture for lh  to  ensure the form ation of 2 -p ico ly l-lith ium , and was then  cooled to  

— 10°C. A solution of acrolein (0.64 cm 3, 9.6 mmol) in dry TH F (5 cm 3) was added 

dropwise, causing the dark red anion solution to  become a clear pale yellow colour. 

A fter stirring  for V2h, w ater (100 cm 3) was added and the m ixture was ex tracted  with 

chloroform  (3 x 40 cm 3). The organic phase was washed with brine (2 x 20 cm 3), 

dried (N a2S 0 4) and concentrated  to  an oil. The crude oil was chrom atographed on 

silica gel eluting with ethyl ace ta te -petro l (60-80°C) (1:2) to give the title  com pound 

(56) as an oil (Rp 0.35, solv. 1) which solidified on standing (770 mg, 54%), m .p. 38- 

39°C, (lit. 36°C) (Found: C, 72.2; H, 7.5: X. 9.3. Calc, for CqH^NO: C, 72.45; H, 7.4; 

N, 9.4%); (CHC13) 3 300br (O -H ), 2 930s (C -H ), 2 460w, 1 980w, 1 950w, 1

915w. 1 850w, 1 590 (C = C ), 1 570, 1 420br, 1 320, 1 150, 1 lOObr, 985, 920, 850 c m '1; 

8h (270 MHz; CDC13) 2.93 (l H, dd. J lMgem) 15, J lt2{vic) 8 Hz, 1-H ), 3.03 (2 H, dd, 

J i ,H9em) 15, J h2(vtc) 3.8 Hz, 1-H), 4.59 (l H, m, 2-H ), 5.11 [l H, d t, J 3t4{cii) 10.8, 

J A A ( d e m )  , J 2, A[al l y l i c)  1 6  Hz> 4" H (Z)]> 5 2 0  I 1 br m > ° H ) ,  5.31 [1 H, d t, J 3 ^ tran») 

17.3, J \ ' 4 { g e m )  1 ^ 2 , 4 ( a / / j /lie) 4~H (E)], 5.95 (l H, ddd, J z t4(trans) 17.3,
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10.8, J 2 3 5.4 Hz, 3 H), 7.16 (1 H, d, J 45. 7.5 Hz, 5' H), 7.18 (1 H, d, J 34. 7.5 Hz, 3’-  

H), 7.63 (1 H, td , J 3>4.>5. 7.5, J 4. & 1.9 Hz, 4’-H ), 8.50 (1 H, dm , J 5.e 4.9 Hz, 6’-H); 8C 

(67.8 MHz; CDC13) 43.2 (t, 1-C ), 71.9 (d, 2 -C ), 114.6 (t, 4 -C ), 121.5 (d, 5’-C ), 123.7 

(d, 3’-C ), 136.7 (d, 4’-C ), 140.1 (d, 3 -C ), 148.5 (d, 6’-C ), 159.5 (s, 2’-C ); m / z  (iso- 

bu tane C l) 150 (M - h l , 100%), 132 (58, M  -  H20 ) ,  93 (25).

A t te m p te d  preparat ion of l - (2-pyridy l)-3-buten-2 -one (53 )  v ia Oppenauer  

oxidat ion of the alcohol3 (56 ) . -  The alcohol (56) (50 mg, 0.34mmol) was dissolved in 

dry acetone (30 cm 3) and to  this was added alum inium  isopropoxide (70 mg, 0.34 

m mol). The m ixture was heated under reflux for 12h, allowed to  cool, and the solu

tion filtered and concentrated  to an oil. Analysis by t.l.c. and *H n.m .r. indicated the 

presence of s ta rting  alcohol with traces of base line decom position products. The 

experim ent was repeated several times, varying the reaction conditions in each case 

[increased period of reflux; changing the solvent to  M EK; perform ing the experim ent 

on 5 g of alcohol and 7 g of alum inium  isopropoxide precisely as quoted in the litera

ture, assum ing a poor yield . No com pound corresponding to  the  desired product was 

ever isolated.

Other at tempted  oxidat ion procedures.-  R eagents were e ither used as available 

com m ercially or prepared according to the appropriate  lite ra tu re  m ethod. Thus, T r 

active m anganese dioxide was prepared and used according to  the m ethod of A tten - 

burrow .4 P C C  was used as directed by Corey,0 PD C  was used according to  the 

m ethod of C oates,6 w hilst Fetizon’s reagent (Ag2C O s on celite) was prepared and 

used as outlined by F ieser.7 A stock solution of Jones reagent was prepared as fol

lows: chrom ium  trioxide (1.27 g) was dissolved in H2S 0 4 (2 cm 3) and w ater (6 cm3). 

The required am oun t of reagent was then  used with acetone employed as the reac

tion solvent. P fitzner and M offatt D M SO /D C C  oxidations were carried out as rec-
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com m ended by the au thors8 and the Swern oxidation a ttem p ted  employed DMSO 

and trifluoroacetic anhydride a t -65°C.9

A t te m p te d  preparat ion of the enone ( 5 3 )  via M o f f a t t  oxidat ion of the alcohol 

( 5 6 ) . -  T he alcohol (56) (100 mg, 0.67 mmol) was dissolved in dry DMSO (1.5 cm3) 

and to  th is  was added dry acetic anhydride (1 cm 3). The solution was stirred  over

night a t  room tem perature and a fte r th is tim e t.l.c. showed com plete conversion of 

s ta rtin g  m aterial to a  new com pound of slightly higher RF. The reaction m ixture 

was poured in to  w ater (20 cm 3), stirred  until homogeneous and extracted  w ith ethyl 

ace ta te  (3 x  10 cm3). T he organic phase w as then  washed w ith sodium hydrogen 

carbonate  solution ( 2 x 5  cm 3) and brine ( 3 x 5  cm 3), dried (Na2S 0 4) and concen

tra ted  to  afford l - (  2-pyridyl)-3-buten-2-ol acetate  (57) (RF 0.45, solv. 1) as an oil 

(10 mg, 8%), i w  (CHC13) 2 920 (C -H ), 1 720 ( C = 0 ) ,  1 590 (C = C ), 1 570 cm "1; 8H 

(60 MHz; CDC13) 2.00 (3 H, s, C i / 3), 3.10 (2 H, d, J l 2 7 Hz, 1-H), 5.20 (2 H, m, 4 - 

H), 5.65 (2 H, m, 2 -H, 3-H ), 7.15 (2 H, m , 3’-H , 5 -H ) ,  7.60 (1 H, td , J SA5. 7, J 4.G 2 

Hz, 4’ H), 8.50 (1 H, dm , J 5 6. 5 Hz, 6’ H); m / z  (isobutane Cl) 192 ( X f - i ,  35%), 148 

(28), 132 (100), 130 (29).

A t te m p te d  preparation of the enone (53 )  via the react ion between 2-picolyl- 

l i t h iu m  and l i th ium acrylate -  D i-isopropylam ine (1.8 cm 3, 12.8 mmol) was dis

solved in dry TH F (30 cm 3) under nitrogen and th is was cooled to -10°C for 10 

m inutes. n -B u ty l-lith ium  (7.36 cm 3 of a  1.6M solution in hexane) was added slowly 

dropw ise to  the stirred solution and a fte r  a  fu rth e r  10 m inutes 2-picoline (1 cm 3, 10.7 

mmol) was added. The m ixture was stirred  a t room  tem peratu re  for lh  to ensure the 

form ation of 2-picolyl-lithium , and was then  cooled to  -10°C. Acrylic acid (0.73 cm 3,

10.7 mmol) was dissolved in dry T H F (10 cm 3) and th is was stirred a t -5°C whilst 

m- b u ty l—lithium  (7.36 cm 3 of a  1.6M solution in hexane) was added. The lith ium  salt



119 -

form ed as a  sem i-soluble w hite precipitate. In to  th is solution was dripped the 2- 

picolyl-lithium  solution via  a  cannula and the m ixture w as stirred  a t room tem pera

tu re  overnight. Analysis by t.l.c. indicated th a t  s ta rtin g  m ateria ls were still present, 

and so TM ED A  (5 cm 3) was added and the  m ixture w as heated under reflux for 

several hours. Since there still appeared to be no discernable products after this tim e 

the experim ent was abandoned.

At tem pted  preparat ion of the enone (58 )  via the react ion between 2-picolyl- 

l i t h ium  and acryloni ir i le . Di isopropylam ine (1.8 cm 3, 12.8 mmol) was dissolved in 

dry TH F (30 cm 3) under nitrogen and this was cooled to  -10°C for 10 m inutes, n -  

B u ty l-lith ium  (7.36 cm 3 of a  1.6M solution in hexane) w as added slowly dropwise to 

the  stirred solution and a fte r  a  fu rther 10 m inutes 2-picoline ( l cm 3, 10.7 mmol) was 

added. The m ix ture  was stirred  a t room tem peratu re  for lh  to  ensure the form ation 

of 2-pico ly l-lith ium , and was then cooled to  -10°C. A crylonitrile (0.63 cm 3) was 

added dropwise and the m ixture was stirred a t room tem pera tu re . Analysis by t.l.c. 

taken a t in tervals indicated  the presence of starting  m aterials, and overnight stirring 

followed by the usual w ork -up  procedure resulted in the isolation of a complex mix

ture. The experim ent was therefore abandoned.

At tem p ted  preparat ion of the enone (53)  via the react ion between 2-picolyl- 

l i t h ium  and methy l  acrylate .-  Di -isopropylamine (1.8 cm 3, 12.8 mmol) was dis

solved in dry T H F (30 cm 3) under nitrogen and th is w as cooled to  -10°C for 10 

m inutes. n -B u ty l- lith iu m  (7.36 cm 3 of a 1.6M solution in hexane) was added slowly 

dropwise to the  stirred  solution and after a  fu rther 10 m inu tes 2-picoline (1 cm 3, 10.7 

mmol) was added. The m ix ture  was stirred a t room tem p era tu re  for lh  to  ensure the 

form ation of 2 -p ico ly l-lith ium , and was then cooled to  -10°C. This was added drop- 

wise via a cannula to  a  stirred  solution of m ethyl acry late  (0.48 cm 3, 5.35 mmol) in
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dry TH F (10 cm 3) a t -10°C. The dark red colour of the anion was lost and a clear 

yellow solution formed. A fter stirring for lh  a t  room tem perature, w ater (50 cm 3) 

was added and the m ixture extracted  w ith chloroform  (3 X 30 cm 3), the organic 

ph ase washed w ith brine (2 x  20 cm 3), dried (N a2S 0 4) and concentrated  to  an oil. 

The crude m ixture was chrom atographed on silica gel with ethyl ace ta te -petro l (60- 

80°C) (1:1) as the eluant to yield l - d i - ( 2 -picolyl)-2 -propen-l-ol  (58) as an oil (180 

mg, 14%)(R f  0.35, solv. 1), i/max_ (CHC13) 3 300br (O -H ), 2 920s (C -H ), 2 470w, 1 

980w, 1 950w, 1 915w, 1 850w, 1 720w, 1 590s (C = C ), I 570, 1 420br, 1 150, 1 120, 1 

100, 995, 910 cm "1; 8H (270 MHz; CDC13) 3.05 [4 H, s, ( C / / 2P y)2j, 4.90 [l H, dd, J ctf

10.5, J gem 1.5 Hz, 4-H (Z)], 5.14 [l H, dd, J trana 17, J gem 1.5 Hz, 4-H  (E)], 5.87 (1

H, dd, J trans 17, J ctt 10.5 Hz, 3-H], 7.10-7.30 (1 H, br s, O H  ), 7.12 (2 H, dd, J 4.5.

7.5, J 5.6. 5.25 Hz, 5’-H ), 7.24 (2 H, d, J S4. 7.5 Hz, 3’-H ), 7.59 (2 H, td , J S4.5. 7.5, J 4.ff

I.5 Hz, 4’-H ), 8.46 (2 H, dm, 5.25 Hz, 6 - H ) ;  8C (67.8 MHz; CDC13) 47.3 [t, 

(italicC H 2P y )2], 75.5 (s, 2-C ), 113.3 (t, 4 -C ), 121.3 (d, 5’-C ), 125.0 (d, 3 '-C ), 136.2 

(d, 4,-C ), 143.0 (d, 3-C ), 148.1 (d, 6 ’ -C), 158.6 (s, 2’-C ); m / z  (isobutane Cl) 241 

( M  + l,  100%), 223 (28. M  -  H2Q), 148 (88), 94 (67), 93 (23).

A t te m p te d  preparation of the enone ( 5 3 )  via the reaction between 2- 

picolylcopper and acryloyl chloride.-  M e thy l-lith ium  (13.3 cm3 of a 1.5M solution in 

E t20 )  was dissolved in dry TH F (100 cm 3) in a stirred  3-neck dropping funnel under 

nitrogen. The solution was cooled to  10°C and 2-picoline (1.97 cm 3, 20 mmol) was 

added. This was allowed to warm to room tem pera tu re  over lh  and then cooled to  

-78°C. Copper (I) iodide (7.6 g, 40 mmol) was added to  the solution and this was 

stirred  a t abou t -60°C for lh . The 2-picolylcopper solution was added to  a  solution 

of acryloyl chloride (1.62 cm 3) in TH F (50 cm 3) a t  -60°C w ith vigorous stirring. The 

m ixture was allowed to warm  to 0°C over 2h and a fte r th is time w ater (80 cm 3) was 

added. The TH F was removed in vacuo and  the  resulting suspension was ex tracted
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several tim es with ethyl aceta te . The combined organic ex trac ts  were washed with 

brine, dried (N a2S 0 4) and concen trated  to  an oil. This was chrom atographed on silica 

gel with ethyl acetate- petrol (60-80)°C (1:9) as e luant to  yield an oil (52 mg). This 

com pound exhibited complex spectra  which made structu ra l elucidation extremely 

difficult. F u rth e r a ttem p ts  to  purify the product failed and the experim ent was 

therefore abandoned.

Attempted, preparat ion of the enone (53 )  via the react ion between 2-picolyl- 

l i t h ium  and acryloyl chloride. - M ethyl lithium  (7.5 cm 3 of a 1.5M solution in E t20 )  

was dissolved in dry TH F (100 cm 3) in a  stirred 3-neck dropping funnel under nitro

gen. The solution was cooled to  -10°C and 2-picoline (1 cm 3, 10 mmol) was added. 

This was allowed to  warm  to  room  tem peratu re  over lh  and then  cooled to  -78°C. 

The 2 picoly 1-lith ium  solution was added dropwise over V2h to  a  vigorously stirred 

solution of of acryloyl chloride (0.81 cm 3, 10 mmol) in dry e ther (100 cm 3) a t -78°C. 

W hen the addition was com plete, the reaction m ixture was allowed to warm  to 0°C, 

and a fte r a fu rther 20 m inutes 2M HC1 (20 cm3) was added to  afford a clear yellow 

biphasic m ixture. This was ex trac ted  several tim es with 5M HC1 and the combined 

acidic ex tracts were basified carefully with 10M KOH until ju st acid, and then made 

ju s t basic with anhydrous potassium  carbonate. The basic solution was extracted 

several tim es with ethyl ace ta te , the  combined organic phases were dried (Na2S 0 4), 

and concentrated  to  afford an oil. This was chrom atographed on silica gel w ith ethyl 

ace ta te -petro l (60-80°C) (1:4) as the  eluant to  yield 2 -picol inyl acrylate (62) (Rp 

0.50, solv. 1) as a  clear oil (95 mg, 6.5%); pmax (CH2C12) 3 020w (arom atic C -H ), 2 

930 (aliphatic C -H ), 1 725vs ( C = 0 ) ,  1 595 (C = C ), 1 572, 1 474, 1 406s, 1 295, 1 

184vs, 1 068, 985, 808 c m '1; SH (200 MHz; CDC13) 5.33 (2 H, s,

C H 2= C H C 0 2C 7 /2Py), 5.90 [l H, dd, J cif 10, J gem 1 Hz, C H  2(Z )= C H C 0 2CH 2Py], 

6.24 (1 H, dd, J trane 17.5, J cif 10 Hz, CH2= C tf  C 0 2CH2P y), 6.52 [l H, dd, J tranf
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17.5, J gem 1 Hz, C H  2(E) = C H C 0 2CH2Py], 7.26 (1 H, dd, J 45 7.5, J 56 1 Hz, 5’-H ), 

7.37 (1 H, J 3 5 7.5 Hz, 3’-H ), 7.70 (l H, td , J 345 7.5, J 46 2.5 Hz, 4’-H ), 8.60 (1 H, dm, 

J 56 5 Hz, 6’ -H); 8C (67.8 MHz; CDC13) 66.8 (t, C H 2= C H C 0 2C' H2P y), 121.7 (d, 5’-  

C), 122.8 (d, 3’-C ) , 127.9 (d, CH2= C  H C 0 2C H 2P y), 131.4 (t, C  H2= C H C 0 2CH2Py),

136.7 (d, 4’-C ), 149.4 (d, 6’-C ), 155.6 (s, 2’-C ), 165.7 (s, C H ^ C H C  0 2CH2Py); m / z  

(isobutane Cl) 164 (M + l , 100%). 108 (28) (Found: M +, 163.0637. C9HgN 0 2 requires 

M , 163.0632).

At tem p ted  preparat ion of the ynone (54)  via the react ion between 2-picolyl- 

l i t h ium  and methy l  propiolate. -  Di isopropylam ine (0.18 cm 3,1.3 mmol) was dis

solved in dry T H F  (10 cm 3) under nitrogen and th is was cooled to -10°C for 10 

m inutes, n -B u ty l- lith iu m  (0.74 cm3 of a 1.6M solution in hexane) was added slowly 

dropwise to  the stirred  solution and after a fu rth e r 10 m inutes 2-picoline (0.1 cm 3, 1 

mmol) was added .T he m ixture was stirred a t room tem pera tu re  for lh  to  ensure the 

form ation of 2-p ico ly l-lith ium . Methyl propiolate (0.1 cm 3, 1 mmol) was dissolved 

in T H F (3 cm 3) and cooled to -65°C. To th is was added n -b u ty l-lith iu m  (0.73 cm 3 

of a  1.6M solution in hexane) keeping the tem pera tu re  below -65°C. The solution 

was stirred  a t the sam e tem perature for 10 m inutes a fte r  the  addition and the cooled 

( -60°C) solution of 2-picolyl-lith ium  was added dropwise via  a  cannula. The m ixture 

was stirred for Vzh a t -65°C and then allowed to  w arm  to room tem perature. The 

solution was quenched w ith w ater (5 cm3), ex tracted  w ith  chloroform  (3 X 10 cm3), 

washed with brine ( 2 x 5  cm 3), dried (Na2S 0 4) and concen trated  to an oil. This was 

chrom atographed on silica gel eluting with ethyl ace ta te -p e tro l (60-80°C) (1:1) to 

yield l - d i - ( 2 -picolyl)-2 -propyn-l-ol  (65) (R F 0.15, solv. 1) as an oil, (10 mg, 4.2%), 

i/max (CHC13) 3 320s (alkyne C -H ). 3 300br (O -H ), 2 950 (C -H ), 1 600s (C = C ), 

1 585, 1 430br, 1 160, 1 115s, 1 050br, 1 OlOw, 920 cm -1; SH (60 M Hzi CC14) 1-2-1.5 (l 

H, br s, O H  ), 2.30 (1 H, s, C = C H ), 3.30 [4 H, s, H C = C C O H (C i/2P y )2], 7.40 (6 H,



-  123

m, 3’, 4’, and 5’ H), 8.60 (2 H, dm , 6’ H); m / z  (isobutane C l) 239 (M  + l , 32%), 223 

(60), 222 (40), 221 (82, M  -  H20 ) ,  146 (47), 94 (92).

At te m pte d  preparat ion of the ynone  (54)  via the react ion between 2-picolyl-  

l i t h ium and propiolic acid chloride -  Di -isopropylamine (0.9 cm 3, 6.4 m mol) was 

dissolved in dry TH F (30 cm 3) under nitrogen and this was cooled to  -10°C for 10 

m inutes. n -B u ty l-lith ium  (3.7 cm 3 of a  1.6M solution in hexane) was added  slowly 

dropwise to the stirred solution and a fte r a  fu rther 10 m inutes 2-picoline (0.5 cm 3,

5.4 mmol) was added. The m ixture was stirred  a t room tem peratu re  for lh  to  ensure 

form ation of the 2-picolyl-lith ium , and then  cooled to  -78°C. The anion solution was 

added to  a  solution of propiolic acid chloride (1 cm 3) which had been prepared 

according to the m ethod of Balfour 10 in T H F  (10 cm3) a t -78°C. The norm al w ork

up procedure resulted in an inseparable m ixture; the experim ent was therefore  aban 

doned.

Preparat ion of propynal11 (69)-  1 .-  A solution of chrom ium  trioxide (30 g) in 

sulphuric acid (20 cm3) and w ater (60 cm 3) was added dropwise with stirring  over lh  

to  a solution of p ro p y n -l-o l (1.87 cm 3) in M EK (10 cm3). The reaction tem pera tu re  

was kept a t 20-25°C during the addition and the viscous m ixture was stirred  for 5h. 

W ater (20 cm 3) was added, the organic phase was extracted with d iethyl e th e r (3 X 

50 cm 3), washed with brine (4 x  10 cm 3), and w ater (10 cm 3), and dried  (M g S 0 4). 

The m ixture was distilled a t atm ospheric pressure to give two frac tions boiling a t 

34°C (mainly diethyl ether) and two boiling a t 55°C (a m ixture of M E K  and propy

nal). The *H n.m.r. spectrum  (60 MHz) exhib ited  a peak at 8H 9.20 corresponding to  

the resonance of the propynal aldehyde proton.

At tem pted  preparat ion of the alkynol  ( 6 8 )  via the reaction between 2-picolyl-
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l i t h iu m  and the p r o p y n a l / M E K  mix ture .- Di isopropylam ine (0.9 cm 3, 6.4 mmol) 

was dissolved in dry TH F (30 cm 3) under nitrogen and th is was cooled to  -10°C for 

10 m inutes, n --B utyl-lithium  (3.7 cm 3 of a 1.6M solution in hexane) was added 

slowly dropwise to  the stirred solution and after a  fu rth e r 10 m inutes 2-picoline (0.5 

cm 3, 5.4 mmol) was added. The m ixture was stirred a t room  tem peratu re  for lh  to 

ensure the form ation of 2-picolyl-lith ium . The p ropynal/M E K  m ixture (2 cm 3) was 

dissolved in TH F (10 cm 3) and added to  the 2 -p ico ly l-lith ium  solution a t -78°C 

which turned from  dark red to  yellow. A fter stirring for lh  a t room tem perature 

w ater (25 cm 3) was added, the m ixture was ex tracted  w ith chloroform  (3 X 30 cm3), 

washed with brine (2 x  10 cm 3), dried (Na2S 0 4) and concen trated  to  an oil. The 

crude m aterial was chrom atographed on silica gel elu ting w ith ethyl acetate-petro l 

(60-80°C) (3:7) to  afford l - (  2-pyridyl)-2-methylbutan-2-ol  (70) (R F 0.50, solv. 1) as 

an oil (150 mg, 23%), i/max. (CHC1S) 3 300br, vs (O -H ), 2 920vs (C -H ), 1 700w, 1 590 

( C -C ) ,  1 570, 1 420br, 1 370, 1 325w, 1 140, 1 115, 1 085. 995, 930, 865 cm "1; SH (270 

MHz; CDC13) 0.93 (3 H, t, J 34 7.5 Hz, 4-H ), 1.14 (3 H, s, 2 M e), 1.50 (2 H, qd, J 34

7.5, J ZOH 1.5 Hz, 3 -H). 2.85 (1 H, d, J ltl{gem) 14.3 Hz, 1-H), 2.96 (1 H, d, J lMgem)

14.3 Hz, 1-H), 5.40 6.00 (1 H, br s, OH),  7.14 (l H, d, J 3A. 7.5 Hz, 3 -H ) ,  7.17 (1 H, 

dd, J 4. 5. 7.5, J 5 6. 5.25 Hz, 5’-H ), 7.64 (1 H, td , J w  7.5, J 4.6, 2 Hz, 4’-H ), 8.50 (l H, 

dm , J 5.6. 5.25 Hz, 6’-H ); 8C (67.8 MHz; CDC13) 8.5 (q, 4 -C ), 26.3 (q, 2-M e), 34.7 (t, 

3 -C ), 46.4 (t, 1-C ), 72.8 (s, 2 -C ), 121.3 (d, 5 -C ), 124.4 (d, 3 - C ) ,  136.7 (d, 41-C ),

148.3 (d, 6’-C ), 160.0 (s, 2’-C ); m / z  (isobutane Cl) 166 ( M  + 1 , 100%), 153 (31), 148 

(56, M  -  H20 ) ,  94 (30), 73 (25).

Preparat ion of propynal (69 ) 12 (69)- 2 -  A 500 cm 3 round bottom ed flask was 

fitted w ith a  therm om eter, a  100 cm3 pressure equalising d ropping  funnel, an over

head stirrer and a fine capillary tube for introducing nitrogen near the bottom  of the 

flask. A fifth ou tle t was for an exit tube attached  to th ree  tra p s  in series connected to
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a w ater pum p via a m anom eter. In the  flask was placed 1-propynol (30 cm 3) and a  

cooled (ice/salt bath) solution of sulphuric acid (33.75 cm 3) in w ater (50 cm 3). The 

last tw o traps in series were cooled to  -78°C using liquid nitrogen and the first trap  

was cooled to about 15°C. The pressure in the system  was reduced to  40-60 mm Hg, 

nitrogen was introduced through the capillary and the m ixture  was stirred 

vigorously. A solution of chrom ium  trioxide (52.5 g) in w ater (100 cm 3) and sul

phuric acid (33.75 cm 3) was added dropwise over 3h m aintain ing the  tem peratu re  

betw een 2-10°C. A fter the  addition  was com plete, the ice /sa lt ba th  was removed 

and the flask allowed to  w arm  to  room tem pera tu re  whilst the pressure was gradually 

lowered to  14-20 mm Hg to  rem ove the  last of the  aldehyde. The condensates of 

trap s 2 and 3 were com bined and dried over sodium  sulphate. The first trap  con

tained a  large am ount of w ater and  so brine was added, the  propynal separated in a  

funnel and dried over sodium  sulphate. The com bined propynal, yield (3 g, 12.5%), 

was used in reactions w ithout fu rth e r purification.

Preparat ion of the alkynol ( 6 8 ) . -  Di -isopropylam ine (0.9 cm 3, 6.4 mmol) was 

dissolved in dry TH F (30 cm 3) under nitrogen and th is was cooled to  -10°C for 10 

m inutes. n -B u ty l-lith ium  (3.7 cm 3 of a  1.6\1 solution in hexane) was added slowly 

dropwise to  the stirred solution and a fte r a  fu rth e r 10 m inutes 2-picoline (0.5 cm 3,

5.4 mmol) was added. The m ixture  was stirred a t room tem pera tu re  for lh  to ensure 

form ation of the 2-p ico ly l-lith ium , and then cooled to  -78°C. A solution of propynal 

(0.3 cm 3, 5.4 mmol) in T H F (5 cm 3) was added slowly dropwise to  the  stirred  anion 

solution which changed colour from  dark red to  light brown. The m ixture was 

allowed to warm  to room tem pera tu re  and a fte r  20 m inutes w ater was added (20 

cm 3). M ost of the T H F was rem oved in vacuo and the organic phase was ex tracted  

w ith chloroform  (3 x  20 cm 3). The com bined organic ex trac ts  were washed w ith 

brine (2 x  15 cm 3), dried (N a2S 0 4), and concentrated  to  afford an oil. This was
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chrom atographed on silica gel using 20%-50% ethyl ace ta te  in petrol (60-80°C) as 

the e luant to yield l - (2 -pyr idyl)-3-bu tyn-2 -o l  (68 )  (R F 0.30, solv. l)  as an am or

phous solid (350 mg, 44%) (Found: C, 73.2; H, 6.3; N, 9.3. C9H9NO requires C, 

73.45; H, 6.2; N, 9.5%); vmax (nujol) 3 300 (alkyne C -H ), 3 050br (O -H ), 2 lOOw 

(C =  C), 1 590 (C ^ C ), 1 565, 1 320w, 1 290w, 1 170w, 1 150w, 1 090w, 1 060s, 1 020, 

1 000, 755 cm ’ 1; 8H (60 MHz; CDC13) 2.40 (1 H, d, J 24 2 Hz, 4-H ), 3.20 (2 H, d, J 12 6 

Hz, 1-H), 4.90 (1 H, td , J l 2 6, J 2 4 2 Hz, 2-H ), 5.60-5.80 (1 H, br s, 077), 7.30 (2 H, 

m, 3’-H , 5’-H ), 7.65 (l H, m, 4’-H ), 8.45 (1 H, dm , J 5.6. 5 Hz, 6’-H ); m / z  (isobutane 

Cl) 148 ( M + l ,  100%), 130 (21, M  -  H20 ) .

7.3 Experim ental to  C hapter 3.

Preparat ion of the enyne (4&)~  The alkynol (68) (30 mg, 0.2 mmol) was dis

solved in dry dichlorom ethane (5 cm 3) under nitrogen and trie thy lam ine (0.3 cm3, 2 

mmol) was added. The stirred  solution was cooled to  -5°C and m ethanesulphonyl 

chloride (0.017 cm 3, 0.22 mmol) was added dropwise. The cooling bath  was removed 

and a fte r the m ixture had w arm ed to  room tem pera tu re  it w'as heated under reflux 

for V2h. Analysis by t.l.c. a t th is stage indicated form ation of the m esylate, and DBU 

(0.1 cm 3, 0.6 mmol) was added. The m ixture was heated for a fu rth e r lh  a t reflux by 

w'hich tim e analysis by t.l.c. showed form ation of the  elim ination product. The sol

vents were removed in vacuo and the crude m ixture chrom atographed on silica gel 

w ith ethyl aceta te-petro l (60-80°C) (1:3) as the  eluant. l - (2 -P yr idy l )bu t - l - en -8 -  

yne ( 4 8 )  (R F 0.65, solv. 2) was isolated as an oil (26 mg, 99%), Pmax (CHC13) 3 300vs 

(alkyne C -H ), 2 950 (C -H ), 1 580, 1 560 (C = C ), 1 460, 1 420, 1 145w, 1 090w, 990w, 

950vs cm "1; 8H (270 MHz; CDC13) 3.15 (1 H, dd, J 24 2.7, J 14 0.7 Hz, 4 -H ), 6.73 (1 H, 

dd. J l 2 16. J 24 2.7 Hz, 2-H ), 7.06 ( l H, d, J 12 16 Hz, 1-H ), 7.18 ( l H, ddd , J 45. 7.4, 

J 5.G 4.7, J sfi. 1.4 Hz, 5’-H ), 7.23 (1 H, d, J s>4. 7.4 Hz, 3’-H ), 7.64 (1 H, td , J w  7.4,
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J 4.G 2 Hz, 4’ H), 8.56 (1 H, d, J Vfi 4.7 Hz, 6 ’-H ); 8C (67.8 MHz; CDC13) 81.1 (d, 4 -  

C), 82.5 (s, 3 -C ), 111.4 (d, 2 -C ), 122.3 (d, 5’-C ), 123.2 (d, 3’-C ), 136.6 (d, 4’-C ),

141.8 (d, 1-C ), 149.7 (d, 6 ’-C ), 153.6 (s, 2 ’-C ); m / z  (low eV El) 129 (M +, 54%), 94  

(52) (Found: A/+, 129.058. C 9H7N requires M ,  129.0577).

A t te m p te d  reaction of ethyl diazoacetate and the enyne ( 4 ^ ) ~  The enyne (48) 

(26 mg, 0.2 mmol) and ethyl diazoacetate (23 mg, 0.2 mmol) were dissolved in dry 

benzene (20  cm 3) and th is was heated under reflux for 3 days. Analysis of the reac

tion by t.l.c. during th is tim e indicated the presence of sta rting  m aterials only, 

w ork -up  led to  the isolation of base line decom position products; the experim ent was 

therefore abandoned.

Preparat ion of 5-N,N-d imethy lamino-l ,8 ,4 -oxa th iazo l -2 -one  ( 7 2 ) . IZ (7 2 ) . -  

1, 1-D im ethy lurea  (2.5 g, 28 mmol) was dissolved in dry acetonitrile (20 cm 3) under 

nitrogen. To the stirred solution was added dropwise a solution of chlorocarbonyl- 

sulphenylchloride (0.74 cm 3, 9 mmol) in acetonitrile (2 cm 3). The reaction m ixture 

was stirred  for lh  and m ethanol (5 cm 3) was added to  decompose any rem aining 

reagent. The solvents were removed in vacuo and dichlorom ethane (10  cm 3) was 

added. The precipitate was rem oved and the filtrate was chrom atographed on silica 

gel with d ichlorom ethane-petrol (60-80°C) (3:1) as e luant to yield the title  com

pound as a colourless gum (240 mg, 19%); (CHC13) 1 715s (C = 0 ) ,  1 650s

(C --C ), 2 910w (C -H ), 1 420s, 1 360s c m '1; 8 H (60 MHz; CDC13) 3.2 [6 H, s, 

N (C tf 3)2:; m / z  (low eV E l) 146 (M +, 100%), 89 (72), 61 (26).

At te m p te d  addi t ion of N ,N -d i m e t h y la m in o n i t r i l e  sulphide to the enyne  

(48 ) . -  The enyne (100 mg, 0.78 mmol) was dissolved in dry , distilled DM F (4 cm 3) 

under nitrogen. The m ixture  was heated to  140°C w ith stirring  and a  solution of 5 -
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AT;./V -dim ethy]am ino-l,3 ,4-oxathiazol-2-one (72) (125 mg, 0 .8 6  mmol) in DM F (l 

cm 3) was added dropwise with stirring to  the  reaction m ixture. H eating was contin

ued for Vzh and once the reaction had cooled, the solvents were rem oved in vacuo. 

The residue was chrom atographed on silica gel w ith ethyl ace ta te -p e tro l (60-80°C) 

(1:3) as eluant to yield recovered enyne (43 mg) only; thus the experim ent was aban

doned.

Preparation of benzaldehyde ox ime14 ( 7 3 ) . -  To a solution of benzaldehyde 

(5.31 g) in w ater (12.5 cm 3), ethanol (12.5 cm 3) and ice (21.5 cm 3) was added 

hydroxyam m onium  chloride (3.82 g). Sodium hydroxide (5.25g) as a  50% solution in 

w ater was added with stirring, keeping the tem pera tu re  a t 25-30°C by adding ice. 

The m ixture was stirred for lh , ex tracted  with d iethyl e ther (50 cm 3) to  remove neu

tral im purities, acidified carefully dropwise w ith c.HCl to  pH 6  w ith ice bath  cooling 

and ex tracted  w ith d iethyl e ther (2 x 50 cm 3). The com bined ex trac ts  were dried 

(Na2S 0 4), concentrated  to  an oil (4.69g, 78%), and used in this form  w ithou t further 

purification, 8 H (60 MHz; CC14) 7.45 (5 H, m, P h ), 8.25 (1 H, s, P h C / /—NOH), 9.65 

(1 H, br s, OH); m / z  (70 eV El) 121 (A/+, 100), 78 (6 8 ), 77 (61), 6 6  (24), 51 (42).

Preparat ion of benzohydroximinoyl  chloride ( 7 4)-~ Benzaldehyde oxime (73) 

(0.55 g, 4.5 mmol) was dissolved in chloroform  (30 cm 3) and this was cooled to  -30°C 

with stirring. Chlorine gas was gently bubbled through the solution for Vih keeping 

the tem pera tu re  a t -30°C. The solution was then stirred  a t -30°C for a  fu rther Vzh, 

w ithout fu rth e r addition of chlorine, the colour of the solution having changed from 

blue-green to  grass-green. The excess chlorine and solvents were rem oved in vacuo 

and the resulting oil was used w ithou t fu rth e r purification (0.77 g, 100%), 6H (60 

MHz; CDC13) 7.35 (3 H, m, 3’, 4’ and 5’-H ), 7.75 (2 H, m, 2’-H , 6 ’-H ), 9.10 (1 H, s, 

OH); m / z  (low eV El) 157 [M+ (37C1), 18%], 155 [M + (35C1), 59], 120  (30, M  -  Cl),
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119 ( 10 0 , M  -  C l) . 14

Preparat ion of the 8-phenyl isoxazole ( 7 6 ) . -  T he enyne (48) (36 mg, 0.28 

mmol) was dissolved in dry diethyl ether (20  cm 3) under nitrogen and to this was 

added benzohydroxim inoyl chloride (43 mg, 0.28 m mol). A solution of triethylam ine 

(0.043 cm 3, 0.31 mmol) in dry diethyl e ther (20 cm 3) was added dropwise to the 

stirred  m ixture a t  room tem pera tu re  over 3h. W ater (15 cm 3) was added to the m ix

tu re , which had precipitated  triethylam ine hydrochloride, and the organic phase was 

separated . The aqueous layer was extracted  twice w ith  d iethyl e ther and the com 

bined organic phases were dried (Na2S 0 4) and concentrated  to  an oil. This was 

chrom atographed on silica gel using ethyl ace ta te -p e tro l (60-80°C) (1:3) as the 

e luant to  yield ( E) -5-[2-(2-pyridyl)ethenylJ-8-phenyl isoxazole  (76 )  (R F 0.25, solv.

2 ) as a  solid (30 mg, 43%), m.p. 98-100°C (Found: C, 77.8; H, 4.7; N, 11 .2 . 

C 1GH 12N20  requires C, 77.4; H, 4.9; N, 11.3%); Amax (E tO H ) 200 (e 35 400 dm 3 mol-1 

cm "1), 244 (16 115), 277sh (15 840), 312 (33 380), 325sh nm (14 2 0 0 ); i/max (CHC13) 

2 950 (C -H ), 1 580s, 1 555 (C = C ) 1 460, 1 430, 1 400, 1 145w, 1 090w, 990w, 965s, 

950 cm "1; SH (400 MHz; CDC13) 6.65 (1 H, s, 4-H ), 7.25 (1 H, ddd, J 4. 5. 8 , J 5. 6. 5, 

J y i5. 1.5 Hz, 5” -H ), 7.40 (1 H, d, J 3. 4. 8 Hz, 3”-H ). 7.42 (1 H, d, J v2 16 Hz, l ’-H ), 

7.48 (3 H, m, 3, 4 and 5-H P h), 7.63 (1 H. d, J l  2 16 Hz, 2’-H ), 7.72 (1 H, td , 8 , 

J W  2 Hz, 4” *H), 7.85 (2 H, m, 2 and 6  H P h), 8.65 (1 H, dm , J 5. 6. 5 Hz, 6 ” -H ); m / z  

(low eV El) 248 (A/+, 100%), 145 (30) (Found: M +, 248.0944. C 16H 12I \20  requires M , 

248.0949).

Preparat ion of ethyl chloro-oximidoacetale15 ( 7 9 ) . -  G lycine ethyl ester 

hydrochloride (6.97 g, 5 mmol) was dissolved in w ater (9.5 cm 3) and the solution was 

cooled to  -5°C w ith stirring. To th is solution was added HC1 (4.15 cm 3) and a  solu

tion of sodium  n itrite  (3.44 g, 5 mmol) in w ater (5 cm 3) was added dropwise causing
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the evolution of nitrogen and nitric oxide. A fu rther equivalent of HC1 (4.15 cm 3) 

was added, followed by sodium  nitrite  (3.44 g, 5 mmol) in w ater (5 cm 3). The pro

duct separated  from the aqueous solution as a  yellowish solid a fte r a  few m inutes. 

The cold m ixture was filtered with suction, dissolved in hot benzene, filtered and 

concentrated  to  a small liquid volume. Hot petrol (60 80°C) was added and the pro

duct crystallised on cooling as a colourless solid, m .p. 79°C (lit15 80°C (Found: C, 

31.5; H, 4.0; N, 9.1. Calc, for C4H60 3NC1: C, 31.7; H, 3.95; N, 9.24%); m / z  (isobu

tane Cl) 154 jM + l  (37C1), 33%], 152 \M+1  (35C1), 100], 124 (33), 116 (90, M  -  HC1).

Preparat ion of the isoxazole (45)  -  The enyne (48) (36 mg, 0.28 mmol) and 

ethyl chloro-oxim idoacetate (63 mg, 0.42mmol) were dissolved in dry diethyl ether 

(20 cm 3) and stirred a t room tem peratu re  under nitrogen. A solution of trie thy lam 

ine (0.06 cm 3, 0.42 mmol) in dry diethyl e ther (20 cm 3) was added dropwise over lh  

to  the vigorously stirred  reaction m ixture, causing precipitation of triethylam ine 

hydrochloride. A fter stirring for a fu rther V2h w ater (15 cm 3) was added and the 

organic layer was separated . The aqueous phase was ex tracted  with diethyl e ther (2 x 

10 cm 3), the combined organic ex tracts  were dried (N a2S 0 4) and concentrated  to 

afford an oil. This was chrom atographed on silica gel w ith ethyl aceta te  petrol (60- 

80°) (1:3) as e luant to yield ethyl 5-'t 2-(2 -pyridy l)e iheny l  isoxazole-3-carboiylate  

(45 )  (R F 0.65, solv. 1) as a  colourless crystalline solid (30 mg. 44%), m.p. 83-84°C 

(from  ethanol) (Found: C, 64.2; H, 4.95; N, 11.4. C 13H 12N20 3 requires C, 63.9; H, 

4.95; N, 11.5%); Amrix (E tO H ) 209 (e 7 970 dm 3 mol" 1 c m '1). 273sh (10  740), 311 nm 

(24 670); vmTIX (CHC13) 1 730s (C = 0 ) ,  1 585 (C =  C), 1 445, 1 285, 1 100 , 1 OlOw, 

990w, 970 cm -1; 8H (270 MHz; CDC13) 1.44 (3 H, t, J  6.75 Hz. C 0 2CH 2C t f 3), 4.46 (2 

H, q, J  6.75 Hz, C 0 2C /7 2CH3), 6.74 ( l H, s, 4-H ), 7.25 (1 H, ddd, J 4. 5. 8 , J 5. 6. 4 .5 , 

J y i5. 1 Hz. 5” -H ), 7.39 (1 H, d, J y 4. 8 Hz, 3” -H ), 7.41 (1 H, d, J v2  16 Hz, l ’-H ), 7.60 

(1 H, d, J l  2 16 Hz, 2 ’-H ), 7.72 (1 H, td , J y  A. b. 8 , J 4. 6. 1.7 Hz, 4” -H ), 8.65 ( l H, dm,
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7 5. 6. 4.5 Hz, 6 ” -H); 5C (67.8 MHz; CDC13) 14.1 (q, C 0 2C H 2C H3), 62.1 (t, 

C 0 2C H 2CH3), 103.1 (d, 4 -C ), 115.8 (d, l ’-C ) , 123.6 (d, 5” -C ), 123.9 (d, 3” -C ),

134.4 (d, 2’ -C), 136.8 (d, 4” -C ), 149.9 (d, 6 ” -C ), 153.0 (s, 2 ” -C ), 156.7 (s, 5 -C ),

159.8 (s, 3-C ), 169.6 (s, C 0 2E t); m / z  (low eV El) 244 (A/+, 100%), 171 (12, 

M  — C 0 2E t), 145 (65).

Preparation of l - ( 2 -pyr idy l )bu ta - l ,3 -d iene  ( 5 0 ) . -  The alcohol (56) (10  g, 

67mmol) was dissolved in dry dichlorom ethane (250 cm 3) with stirring under n itro

gen. T riethylam ine (17 cm 3, 122 mmol) was added and the stirred  m ixture was 

cooled to ice bath  tem pera tu re  prior to  the addition of m ethanesulphonyl chloride 

(5.2 cm 3, 67 mmol). The ice ba th  was removed and the m ixture heated under reflux 

for 2h. A fu rther 2 equivalents of trie thylam ine (17 cm 3, 122 mmol) were added and 

heating was continued until t.l.c. analysis indicated th a t the reaction had gone to  

com pletion. A fter cooling, the m ixture  was filtered to remove insoluble m aterial and 

the solvents were removed in vacuo. The crude oil was chrom atographed on silia gel 

with ethyl ace ta te-petro l (60-80°C) (1:3) as the e luant to afford the diene (50) (RF 

0.80, solv. 1) as an oil (6.35 g, 72%); SH (270 MHz; CDC13) 5.27 (1 H, d, J cl, 9.8 Hz, 

4-H ), 5.45 (l H. d, J <rdn, 16.5 Hz, 4-H ), 6.55 (2 H. m, 2 -H, 3 H), 7.08 (1 H, dd, J 45.

7.5, J 5,cv 4.5 Hz, 5 -H ), 7.25 (1 H, d, J 3 4. 7.5 Hz, 3’-H ), 7.25 (1 H, m, 1-H ), 7.58 (1 H, 

td , J 34.5. 7.5, J 4.e 1.5 Hz, 4’-H ), 8.54 (1 H, d, J 5.6. 4.5 Hz, 6 "-H); m / z  (isobutane Cl) 

132 ( M - t l ,  1 0 0 % ) 16

Preparat ion of the iso iazo l ine ( 4 ^ ) ~  The diene (50) (2.3 g, 17.6 mmol) and 

ethyl chloro oxim idoacetate (79) (4 g, 26.4 mmol) were dissolved in dry diethyl ether 

(1 0 0  cm 3) under nitrogen. A solution of triethylam ine (3.68 cm 3, 26.4 mmol) in dry 

diethyl e ther (50 cm 3) was added dropwise over Vih to the vigorously stirred reaction 

m ixture causing precipitation of trie thylam ine hydrochloride. A fter stirring for a



-  132 -

fu rth e r lh , w ater (30 cm 3) was added and the organic layer was separated . The aque

ous phase was washed twice w ith diethyl ether and the com bined organic fractions 

were dried (M gS 04) and concentrated  to  an oil. This was chrom atographed on silica 

gel w ith ethyl ace ta te -petro l (60-80°C) (1:4) as e luant to  afford ethyl 5-[2-(2-  

pyridyl)ethenyl j isoiazol ine-3-carboxylate  (49)  (Rp 0.30, solv. 1) as an oil, (2.83 g, 

65%) * W  (CHC13) 2 900w (C -H ), 1 720s (C = 0 ) ,  1 590 (C = C ), 1 380w, 1 350w, 

1 125, 970, 920 cm "1; 6H (270 MHz; CDC13) 1.36 (3 H, t, J  6 .8  Hz, C 0 2CH2C tf  3), 

3.17 (1 H, dd, J 4Mgem) 17.1, J 4Mmc) 11.4 Hz, 4-H ), 3.46 ( l  H, dd, J 4i4{gem) 17.1, 

J 4t5(vie) 8 .6  Hz, 4-H ), 4.35 (2 H, q, J  6 .8  Hz, C 0 2C / / 2CH3), 5.46 ( l H, m, 5-H ), 6.73 

(1 H, d, J l 7  16 Hz, T -H ), 6.80 (1 H, d, J v 2 16 Hz, 2’-H ), 7.18 (1 H, ddd, J 4. 5. 8 , J b. & 

5, J 3. 5. 1.1 Hz, 5” -H ), 7.29 (1 H, d, J 3. 4. 8 Hz, 3” -H), 7.66 (1 H, td , J y  4. s. 8 , J 4. 6. 2.3 

Hz, 4” -H ), 8.56 (1 H, d, J 5. 6. 5 Hz, 6 ” -H ); 8 C (67.8 MHz; CDC13) 13.9 (q, 

C 0 2CH 2C H3), 39.1 (t, 4 -C ), 61.9 (t, C O 2C  H2CH3), 83.3 (d, 5 -C ), 122.3 (d, 5” -C ),

122.7 (d, 3” -C ), 129.9 (d, l ’-C ) , 132.4 (d, 2 ’-C ), 136.6 (d, 4” -C ) , 149.3 (d, 6 ”-C ),

151.0 (s, 3 -C ), 153.7 (s, 2” ~C), 160.2 (s, C 0 2CH 2CH3); m / z  (low eV E l) 246 (Af+, 

10 0%), 229 (50), 216 (42) (Found: A/+, 246.0995. C 13H 14N20 3 requires A/, 246.1003).

Oxidat ion  of the isoxazol ine (49) to the isoxazole ( 4 $ ) ~  The isoxazoline (49) 

(l g, 4 mmol) was dissolved in dry benzene (25 cm 3, distilled from  CaH 2) and in this 

was slurried y -ac tive  m anganese dioxide (5 g). The m ixture was heated under reflux 

w ith stirring for 2h, and the w ater formed was removed by the  use of a  D ean-S tark  

trap . At the end of th is tim e t.l.c. analysis indicated a com plete conversion to  the 

product and the slurry was filtered through celite. This was washed with 

dichlorom ethane and the com bined filtrates were concentrated  to  afford an oil. This 

was chrom atographed on silica gel w ith ethyl aceta te-petro l (60-80°C) (1:3) as e luant 

to  yield the isoxazole (45) as a  colourless crystalline solid (660 mg, 67%) (spectral 

d a ta  as previously recorded).
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Preparat ion of the isoxazole (8 8 ) . -  The isoxazole (45) (139 mg, 0.57 mmol) 

was dissolved in m ethanol (30 cm 3) and to  th is solution was added 10% palladium  on 

charcoal (50 mg). The slurry was stirred under hydrogen gas (1 atm osphere) a t room 

tem pera tu re . A fter lh , t.l.c . analysis showed the presence of a  new com pound with 

no rem aining sta rting  m aterial. The reaction m ixture  was dilu ted  w ith ethyl acetate 

(50 cm 3) and filtered through celite. The filtrate  was concen trated  in vacuo and the 

resu ltan t oil was chrom atographed on silica gel elu ting  w ith ethyl aceta te-petro l 

(60-80°C) ( 1 :1) to  yield ethyl 5- f2 - (2 -pyr idy l) e thy l ] isoxazole-8-carboxylate (88)  

(R F 0.45, solv. 1) as a  clear oil (119 mg, 85%); Amax (E tO H ) 203 (e 8 810 dm 3 mol-1 

cm -1), 248 (6  300), 253 (6  420), 259 (6 030), 265sh nm  (3 800); ymax (CHC13) 2 920 

(C -H ), 1 720s (C = 0 ) ,  1 585 (C = C ), 1 430br, 1 090, 990 cm -1; SH (27°  M H z 5 CDC13) 

1.41 (3 H, t, J  4.6 Hz, C 0 2CH 2C t f 3), 3.20 (2 H, t, J v2  5 Hz, l ’-H ) , 3.32 (2  H, t, J Y7 

5 Hz, 2 ’-H ), 4.42 (2 H, q, J  4.6 Hz, C 0 2C / / 2CH3), 6.40 ( l  H, s, 4 -H ), 7.13 ( l H, d, 

J y4 . 5 Hz, 3” -H ), 7.16 (1 H, dd, J 4. 5. 5, J 5. 6. 3, 5” -H ), 7.60 (1 H, td , J y  4. 5. 5, J 4. & 1.2 

Hz, 4“ -H ), 8.56 (1 H, dm , J 5. 6. 3 Hz, 6 ” -H ); 8 C (67.8 MHz; CDC13) 14.0 (q, 

C 0 2C H 2C H3), 26.0 (t, l ’-C ), 35.2 (t, 2’-C ), 61.9 (t, C O 2C H2CH3), 101.7 (d, 4-C ),

121 .6  (d, 5’’-C ), 122.8 (d, 3” -C ) , 136.5 (d, 4” -C ), 149.3 (d, 6 ”-C ) , 156.2 (s, 5-C ),

158.8 (s, 3 -C ), 160.0 (s, 2 ” -C ), 174.4 (s, C  0 2C H 2CH 3); m / z  (low eV El) 246 (M +, 

35%), 173 (13, M  — C 0 2E t), 147 (1 0 0 ) (Found: A/+, 246.0992. C 13H 14N20 3 requires 

A/, 246.1003).

Preparat ion of the isoxazoline ( 8 5 ) . -  The isoxazoline (49) (200 mg) was dis

solved in ethanol (20  cm 3) and to  th is solution was added  10% palladium  on charcoal 

(20 m g). The slurry was stirred  under hydrogen gas (1 a tm osphere) a t room tem 

p era tu re . A fter 2h, t.l.c. analysis indicated com plete conversion of s ta rting  m aterial 

to  a  com pound of slightly lower R F. The m ixture was d ilu ted  w ith ethyl aceta te  (50 

cm 3) and filtered through celite. The solvents were rem oved in  vacuo  to  afford an oil
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which was chrom atographed on silica gel with ethyl ace ta te -petro l (60-80°C) (1:1) as 

the eluant to  yield ethyl 5- [2 - (  2-pyridyl)ethyl] isoxazol ine-8-carboxylate (85 )  (RF 

0 .2 0 , solv. 1) as a  clear oil (172 mg, 8 6 %); (Found: C, 62.6; H, 6.65; N, 11.4. 

C 13H 16N20 3 requires C, 62.9; H, 6.45; N, 11.3%); vmTiX (CHC13) 2 930s (C -H ), 1 7l0vs 

(C = 0 ) ,  1 590s (C = C ), 1 430, 1 380, 1 335, 1 125s, 1 0 0 0 , 935s, 910 c m '1; SH (270 

MHz: CDC13) 1.36 (3 H, t, J  7.5 Hz, C 0 2C H 2C H 3), 2.15 (2 H, m, l ’-H ), 2.90 (2 H, 

m, 2 ’-H ), 2.91 (1 H, dd, J4.4{gem) 18, J 4i5(vi-c) 7.5 Hz, 4 -H ), 3.28 (1 H, dd, J4>4{gem) 

18, J 4 5(„|V) 11.2 Hz, 4-H ), 4.34 (2 H, q, J  7.5 Hz, C 0 2C t f 2CH3), 4.85 (l H, m, 5-H ), 

7.16 (1 H, ddd, J 4. 5. 7.5, J 5. 6. 5.2, J 3. 5. 1.5 Hz, 5”-H ), 7.20 (1 H, d, J y4. 7.5 Hz, 3” -  

H), 7.62 (1 H, td , ^ 3. 4. 5. 7.5, J 4. & 2.3 Hz, 4”-H ), 8.53 (1 H, dm , J 5. 6. 5.2 Hz, 6 ” -H); 

Sc (67.8 MHz; CDC13) 13.9 (q, C 0 2CH 2C H3), 33.4 (t, l ’-C ) , 34.6 (t, 2’-C ) , 38.3 (t,

4 -C ), 61.8 (t, C 0 2C H 2CH3), 83.1 (d, 5 -C ), 121.3 (d, 5” -C ) , 122.9 (d, 3” -C ) , 136.5 

(d, 4” -C ), 149.1 (d, 6 ” -C ), 151.3 (s, 3-C ), 160.2 (s, 2 ” -C ), 160.6 (s, C O ^ H ^ H g ) ;  

m / z  (isobutane Cl) 249 ( M + l ,  82%), 175 (25), 106 (54), 93 (100).

Preparat ion of the hydrazide (8 7 ) . -  The isoxazole ester (45) (125 mg, 0.51 

mmol) and hydrazine hydrate (0.025 cm 3, 0.51 mmol) were dissolved in ethanol (3 

cm 3). The m ixture was heated under reflux for 2 h a fte r which tim e t.l.c. analysis 

indicated starting  m aterial rem aining. A fu rth e r 2 eq of hydrazine hydrate  (0.05 cm3, 

1.02  mmol) were added, the m ixture heated for another 2h and allowed to  cool. The 

solid which crystallised from the  reaction m ixture was collected and dried to  yield 

the crude product (80 mg). This was preadsorbed on to  silica gel and chrom ato

graphed with ethyl acetate as the eluant. 5-[2-(2-Pyridyl)ethenyl] isoxazole-8-  

hydrazinecarboxylate (87 )  (R F 0.30, E tO A c) was isolated as a  colourless powder (40 

mg, 35%). m.p. 145-155°C (decom p.) vmax_ (nujol) 3 315 and 3 240 (N -H ), 1 670s 

(amide 1). 1 630, 1 595, 1 570, 1 525, 1 260, 990, 940 c m '1; 5H [270 MHz, (CD 3)2SO]

4.69 (2 H, br s, N / / 2), 7.07 and 7.15 [l H, 2 s (4:1), 4 -H ), 7.38 (1 H, ddd, J 4. 5. 7.5,
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J y  6. 5.25, J y  y  1.5 Hz, 5” -H ), 7.54 and 7.57 [l H, 2 d (4:1), J l 2  16.5 Hz, l ’-H ), 7.67 

(1 H, d, J V 2 16.5 Hz, 2’-H ), 7.67 (1 H, d, J y  4r 7.5 Hz, 3” -H ), 7.87 (1 H, td , J y  4.y 7.5, 

J 4. 6. 2.3 Hz, 4” -H ), 8.65 (l H, dm , J 5. 6. 5.25 Hz, 6 ” -H ), 10.11  and 10.82 [l H, 2 s, 

(4:1), C 0 2N H  N H J; 8C [270 MHz; (CD3)2SO] 10 2 .6  (d, 4 -C ), 115.9 (d, l ’-C ) , 124.0 

(d, 5” -C), 124.1 (d, 3” -C ), 134.5 (d, 2 ’-C ) , 137.3 (d, 4” -C ), 150.0 (d, 6 ” -C ) , 153.0 

(s, 2” -C ), 157.8 (s, 5-C ), 162.7 (s, 3-C ), 168.8 (s, C  ON HN H2); m / z  (70 eV E l) 230 

(M +, 100%), 199 (18, M  - N H N H 2), 171 (15), 132 (30), 117 (16), 104 (20), 78 (25) 

(Found: M +, 230.2466. C n H 10N4O 2 requires M , 230.2256).

Preparat ion of the acyl azide (88 )  -  T he hydrazide (87) (500 mg, 2.2 mmol) 

was dissolved in 2M HC1 (20  cm 3) w ith stirring  a t  -5°C. Diethyl e ther (20  cm 3) was 

added initially, and a  solution of sodium  n itrite  (152 mg, 2.2 mmol) in w ater (5 cm 3) 

was dripped in to  the vigorously stirred  m ix ture , keeping the tem pera tu re  below 5°C 

during the addition. The m ixture  was stirred  for 5 m inutes, a fte r which tim e t.l.c. 

analysis indicated complete conversion to  the  new com pound. Sodium  carbonate  was 

added until the solution was ju s t basic and the  d iethyl e ther layer was separated . 

The aqueous phase was ex tracted  several tim es w ith diethyl ether, the  com bined 

organic phases were washed w ith brine, dried (M g S 0 4), and the solvents rem oved to 

yield 5-[2-(2-pyridyl)ethenyl]isoxazole-8-azidocarboxylate  (88 )  (Rp 0.45, solv. 2) 

as a  solid (398 mg, 75%), i/max (CHC13) 2 160s (N3), 1 700s ( C = 0 ) ,  1 585 (C = C ), 

1 440, 1 165, 960, 850 c m '1; 8H (60 MHz; CDC13) 6.80 ( l H, s, 4-H ), 7.20-8.00 (5 H, 

m, l ’-H  and 2 ’-H , 3”- , 4”- ,  and 5”-H ), 8.75 (1 H, dm , J 5. 6. 5 Hz, 6 ”-H ); m / z  (low 

eV El) 241 (M +, 10 0%), 213 (51, M -  N2), 158 (38), 145 (21), 117 (36).

Preparation of the 3- isoxazolamine  carbamate (89 ) . -  The acyl azide (8 8 ) (338 

mg, 1.4 mmol) was dissolved in J-butanol (20 cm 3) and th is was heated under reflux 

for lh . A fter th is tim e t.l.c. analysis indicated com plete conversion to  the  product, 

and a fte r cooling the reaction m ix ture  the  solvents were rem oved in  vacuo.  The
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resulting solid was chrom atographed on silica gel with ethyl ace ta te -p e tro l (60-80°C) 

(1:3) as e luant to  yield t -butyl  5-[2-(2-pyridy l)etheny l]-3- isoxazolamine carbamate  

(89)  (R f  0.65, solv. 1) as a  colourless crystalline solid (228 mg, 57%), m .p. 180-182°C 

(Found:C , 62.5; H, 5.9; N, 14.8. C 15H 17N30 3 requires C, 62.7; H, 5.95; N, 14.6%); 

Xmax (E tO H ) 204 (e 43 050 dm 3 mol"1 cm "1), 241 (15 830), 264sh (19 610), 269 

(2 0  230), 311 (25 930), 325sh nm  (11 960); i/max (CHC13) 3 400 (N -H ), 1 730s (C = 0 ) ,  

1 590s (C = C ), 1 460w, 1 410w, 1 150s, 960w cm "1; SH (27°  M Hzi C D C 13) 1.54 [9 H, s, 

C 0 2C ( C / / 3)3], 6 .8 6  (1 H, br s, 4-H ), 7.22-7.24 (1 H, br s, N H),  7.23 (2  H, ddd , J 4. 5. 

8 , J 5. 6. 4.5, J y  g. 1.1 Hz, 5” -H ), 7.33 (1 H, d, J v2 16 Hz, l ’-H ), 7.35 (1 H, d, J y 4. 8 

Hz, 3” -H ), 7.50 (1 H, d, J l  2 16 Hz, 2 ’-H ), 7.70 (1 H, td , J y  A. b. 8 , J 4. 6. 2  Hz, 4” -H ), 

8.64 (1 H, dm , J 5. 6. 4.5 Hz, 6 ” -H ); 8C (67.8 MHz; CDC13) 28.2 [q, C 0 2C (C  H3)3], 81.9 

[s, C 0 2C (C H 3)3], 96.5 (d, 4 -C ), 116.9 (d, l ’-C ), 123.3 (d, 5” -C ) , 123.7 (d, 3” -C ), 

133.4 (d, 2’-C ), 136.8 (d, 4” -C ) , 149.9 (d, 6 ” -C ), 151.8 (s, 5 -C ), 153.5 (s, 2 ” -C ),

158.8 (s, 3 -C ), 167.9 [s, C  0 2C (C H 3)3]; m / z  (low eV E l) 287 (A/+, 100%), 231 [45, 

M -  C —C (C H 3)2i, 187 [58, M -  C 0 2C (C H 3)3].

7.4 Experim ental to  Chapter 4.

A t te m p te d  photocycl isat ion of the isoxazole (43)-  The isoxazole (45) (100 mg) 

was dissolved in dry benzene (1 0 0 0  cm 3, distilled from C aH 2) and to  th is solution 

was added a catalytic am oun t of iodine. The m ixture was pu t in to  a  w ater cooled 

photochem ical reactor (of capacity  1 0 0 0  cm 3) and after purging w ith nitrogen gas 

for lh  was irrad iated  w ith  a  400 W m edium  pressure lam p w ithin a  quartz  tube  for 

8 h. A fter th is tim e the solvents were removed in  vacuo to  afford a  yellow oil and this 

was chrom atographed on silica gel with ethyl ace ta te -petro l (60-80°C) (1:9) as 

eluant. However, no com pound w ith in terp retab le  spectral d a ta  was isolated from  the 

m ixture.
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The reaction was repeated under identical conditions except th a t a  pyrex inner 

sleeve was used to hold the lam p. Once again however, nothing was isolated from  the 

reaction m ixture  which we were able to  identify and the experim ent was therefore 

abandoned.

A t t e m p te d  photocycl isat ion of the isoxazole17 ( 4 5 ) ~  The isoxazole (45) (50 

mg, 0.2 m m ol), p-nitrobenzoic acid (33 mg, 0.2 m m ol), and triethylam ine (0.03 cm 3, 

0 .2 2  mmol) were dissolved in dry acetonitrile (2 0 0  cm 3) and to  this was added 10% 

pallad ium  on charcoal (5 mg). The m ixture was stirred  in a  w ater cooled photo

chem ical reac to r (of capacity  200 cm 3) purged w ith nitrogen gas for Vih, prior to  irra

diation w ith a  125W m edium  pressure lam p for 18h. A fter th is tim e the reaction 

m ix ture  was concen trated  to  an oil and chrom atographed on silica gel with ethyl 

ace ta te -p e tro l (60-80°C) as eluant. This resulted in the  isolation of unidentified 

decom position p roducts only.

T he reaction was repeated using identical conditions except th a t it was moni

tored by t.l.c. analysis at 2h intervals. A fter 8 h the s ta rting  isoxazole had alm ost 

com pletely disappeared and the reaction was worked up as before. Nothing 

identifiable was obtained  after column chrom atography; the  experim ent was there

fore abandoned.

A t te m p te d  photocyclisat ion of the isoxazole (89) .  The isoxazole (50 mg) was 

dissolved in dry benzene-m ethanol (3:1) (400 cm 3) and to  th is solution was added a 

cata ly tic  am oun t of iodine. The m ixture was p u t in to  a  photochem ical reactor (of 

capacity  400 cm 3) and  after purging w ith nitrogen gas for lh  was irradiated with a  

400 W m edium  pressure lam p within a  pyrex tube for 8 h. A fter th is tim e the solvents 

were rem oved in  vacuo  to  afford an oil and th is was chrom atographed on silica gel 

w ith  m ethanol-ch loroform  (1:9) as eluant. However, only unidentified decomposition
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products were isolated; the experim ent was therefore abandoned.

Preparation of ( E ) -4 - (  2-pyridyl)-3-buten-2-one™ (105 ) . -  A hydrogenation 

autoclave of 300 cm 3 capacity was charged w ith 2-pyrid inecarboxaldehyde (7.13 cm3, 

75 mmol), l-tripheny lphosphorany lidene-2-propanone (23.88 g, 75 mmol) and 

xylene (175 cm 3). The autoclave was sealed and filled with hydrogen gas to  a  pressure 

of 7 atm ospheres and the m ixture was ag ita ted  and m aintained a t 150°C for 18h. 

A fter allowing to  cool and venting, the m ixture was transferred  to a  round bottom ed 

flask and the solvents were removed in vacuo. E ther (100  cm 3) was added and the 

m ixture cooled to  4°C for 18h. The triphenylphosphonium  oxide precipitate  was 

rem oved by filtration and the filtrate concentrated  to an oil. This was chrom ato

graphed on silica gel w ith ethyl acetate in petrol (60-80°C) (1:3) as the e luant to 

afford the product (105) as an oil (8.95g, 81%); 5H (270 MHz; CDC13) 2.40 (3 H, s,

1-H ), 7.17 (1 H, d, J V7 16 Hz, l ’-H ), 7.28 ( l  H, m, 5’-H ), 7.50 (1 H, d, J 34.5. 7 Hz, 

3’-H ), 7.54 (1 H, d, J v 2 16 Hz, 2 ’-H ), 7.75 ( l  H, td , J S4.5. 7, J 4.G 1.5 Hz, 4’-H ), 8.67 

(1 H, dm , J GG 4 Hz, 6 ’-H ); m / z  (low eV El) 147 (M +, 100%).

A t tem p ted  preparat ion of the e theny l th iazolamine ( 4 l ) - l ~  Form am idine 

disulphide dihydrochloride (55) (200 mg, 0.7 mmol) sodium  bicarbonate (60 mg, 0.7 

mmol) and the enone (105) (200 mg, 1.4 mmol) were heated in the absence of solvent 

a t 100°C for lh . This resulted in an in tractib le  black ta r which contained only 

decom position products. The experim ent was therefore abandoned.

A t tem p ted  preparat ion of the ethenyl th iazolamine  (4 l)-2 .~  The enone (105) 

(100 mg, 0.7 mmol) and th iourea (106 mg, 1.4 mmol) were dissolved in dioxane (5 

cm 3) and the m ixture was heated alm ost to  reflux w ith stirring. Iodine (178 mg, 0.7 

mmol) was added and heating was continued for a  fu rther 2h. This however resulted
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in an inseperable m ixture and was therefore abandoned.

A t te m p te d  preparat ion of the bromomethylenone (106) . -  The enone (105) (197 

mg, 1.3 mmol) was stirred  in acetic acid (3 cm 3) a t 50°C under nitrogen. Bromine 

(0.07 cm 3, 1.3 mmol) in acetic acid (2 cm 3) was added slowly dropwise, keeping the 

reaction tem pera tu re  a t 70°C. The m ixture was heated a t 70°C for 2 h a fte r  which 

tim e t.l.c. analysis indicated  the  disappearance of s ta rting  m aterial. A fter cooling, 

ethyl ace ta te  (20 cm 3) and sodium  bisulphite (500 mg) were added, and basification 

was accom plished with sa tu ra ted  sodium  carbonate solution (20 cm 3). The aqueous 

layer was ex tracted  several tim es w ith ethyl aceta te , the  organic phase was washed 

w ith brine, dried (M gS 04) and  concentrated  to  an oil. This was chrom atographed on 

silica gel w ith ethyl ace ta te -p e tro l (60-80°C) (1:3) as e luan t to  yield a com pound (76 

mg, 26%; R F 0.32, solv. 2 ) assigned as J^-bromo-d-f2-pyridyl)-3-buten-2-one (109); 

SH (270 MHz; CDC13) 2.10 (3 H, s, CH3), 6 .8 8  (1 H, s, 3-H ), 7.28 (1 H, ddd , J 4.5, 7.2, 

J 5,6. 4.5, J 3fi 1 Hz, 5’-H ), 7.56 (1 H, d, J S4. 7.2 Hz, 3’-H ), 7.76 (l H, td , J * , 5, 7.2, J 4.e

1.8 Hz, 4 ’-H ), 8.55 (1 H, dm , J 5.G 4.5 Hz, 6 ’-H); m / z  (isobutane C l) 228 \M+1  

(81Br), 98%], 226 [M + l  (79Br), 100], 212 (34), 2 1 0  (34), 148 (25), 104 (25).

Preparat ion of chloroacetonyl tr iphenylphosphoniumchloride19 (112) . -  1,3— 

D ichloroacetone ( i l l )  (96.5 g, 760 mmol) and triphenylphosphine (200 g, 760 mmol) 

were dissolved in TH F (400 cm 3) and the solution was heated under reflux with stir

ring for 4h. A t the end of th is tim e the m ixture was allowed to  cool and the product 

(112) collected by filtration, washed with diethyl e ther and dried (244.3 g, 83%), m.p. 

205-208°C (lit .19 210-212) (Found: C, 64.3; H, 4.95. Calc, for C 21H 19Cl2O P: C, 64.45; 

H, 4.9%).

Preparat ion of 3-chloro-l- tr iphenylphosphoranyl idene-2-propanonelQ (110) . -
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A solution of sodium carbonate (32.7 g, 308 mmol) in w ater (200 cm 3) was added 

fairly rapidly to a vigorously stirred  solution of the  triphenylphosphonium chloride 

(112) (240 g, 617 mmol) in m ethanol (300 cm 3). A fter a  few seconds effervescence 

occured and the product precipitated  as a  w hite solid. This was stirred for 5 m inutes 

before w ater (1000 cm 3) was added and the m ixture allowed to  stand for Vih. The 

ylid ( 11 0 ) was collected and dried as a  colourless solid (215 g, 98%), m .p. 175-178°C 

(lit. 179-180°C) (Found: C, 71.1; H, 5.25. Calc, for C 21H lgC10P: C, 71.5; H, 5.15%).

Preparat ion of the chloromethylenone (113 ) . -  The ylid (110) (53.6 g, 152 

mmol) and 2-pyridinecarboxaldehyde (14.4 cm 3, 151 mmol) were dissolved in 

dichlorom ethane (300 cm 3) and stirred  a t room tem peratu re  for 24h. Analysis by 

t.l.c . showed th a t the reaction had gone to  com pletion and the solvents were removed 

in  vacuo. E thyl acetate  was added to  the  am orphous m ixture and this was heated to  

effect solution of the products. The solution was filtered and allowed to  cool, result

ing in crystallisation of triphenylphosphine oxide. This was collected and the filtrate 

concentrated  and chrom atographed on silica gel w ith ethyl aceta te -petro l (60-80°C) 

(1:4) as e luant to yield ( E)- l -chloro-4-(2-pyr idy l)-3-buten-2-one (113)  (RF 0.55, 

solv. 1) as a solid (18.5 g, 67%), m .p. 48 49°C; vm?iX (CHC13) 2 945 (C -H ), 1 675s 

(enone C - O ) ,  1 615s, 1 590s (C = C ), 1 465w, 1 425w, 1 400w, 1 315s, 1 165, 1 150, 

1 070s, 980s cm -1; SH (270 MHz; CDC13) 4.35 (2 H, s, C / / 2C1), 7.32 (1 H, ddd, J 4 5.

7.5, J 5.q, 4.5, J S5, 1 Hz, 5’-H ), 7.43 ( l  H, d, J 34 16 Hz, 3-H ), 7.48 (1 H, d, J S4. 7.5 Hz, 

3’-H ), 7.70 (1 H, d, J 34 16 Hz, 4-H ), 7.76 (l H, td , 4. 5. 7.5, J 4-6. 2 Hz, 4’-H ), 8 .68  (1 

H, dm , J 5.6. 4.5 Hz, 6 ’-H ); 8 C (67.8 MHz; CDC13) 47.7 (t, C  H 2C1), 124.7 (d, 5’-C ), 

125.1 (d, 3’-C ), 125.2 (d, 3 -C ), 136.8 (d, 4’-C ), 143.2 (d, 4 -C ), 150.2 (d, 6 ’-C ), 152.3 

(s, 2 ’-C ) , 191.2 (s, C = 0 ) ;  m / z  (isobutane Cl) 184 \M+1  (37C1), 35%], 182 \M+1  

(35C1), 100], 148 (30), 132 (80) [Found: M + (37C1), 183.0226. C9H837ClNO requires M, 

183.0264. Found: M + (35C1), 181.0250. C 9H835ClNO requires M , 181.0293].
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P r e p a r a t i o n  of the e t h e n y l t h i a z o l a m i n e  h y d r o c h l o r i d e  ( 1 1 4 ) -  The 

chlorom ethylenone (113) (18.33 g, 101 mmol) and th iourea (7.7 g, 101 mmol) were 

dissolved in p-dioxane (40 cm 3) and ethanol (60 cm 3). The m ix ture  was heated ju s t 

to  reflux tem peratu re  for 2 h, until t.l.c. analysis indicated the presence of product 

and depletion of sta rting  m aterials. The m ixture was allowed to cool and filtered to  

yield 4 ~j 2 - (  2 - p y r i d y l ) e t h e n y l ] - 2 - t h i a z o l a m i n e  h y d r o c h l o r i d e  ( 114)  (&f 0-45, solv.

3) as a yellow solid. This was recrystallised from  ethanol (24 g, 99%) m .p. 198-200°C; 

(Found: C, 47.3; H, 4.3; Cl, 15.35; N, 16.55; S, 12.5. C 10H10̂ Clj requires

C, 47.6; H, 4.4; Cl, 15.45; N, 16.65; S, 12.7%.) Xmax (E tO H ) 205 (e 19 470 dm 3 mol" 1 

cm ” 1), 257 (23 900), 328 nm  (20  830); i/max (nujol) 3 260br (H20 )  3 100  (N -H ), 

2 6 8 0 b r  (N+ -  H), 1 600, 1 545, 1 355, 1 280, 1 165w, 1 125w, 980w, 960w, 765w, 

720w c m '1; SH !27 0  M H zi (CD 3)2SO] 7.10 (1 H, s, 5 -H ), 7.33 ( l  H, d, J v2  15.75 Hz, 

l ’-H ), 7.62 (1 H, convergent dd, J 4. 5. 8.25, J 5. & 5.25 Hz, 5” -H ), 7.70 ( l H, d, J v2 

15.75 Hz, 2 ’-H ), 7.80-8.60 (2 H, br s, N H  2), 8 .02  (1 H, d, J y 4. 8.25 Hz, 3” -H ), 8.23 (1 

H, td , J y 4. 5. 8.25, J 4. 6. 1.5 Hz, 4” -H ), 8 .6 6  (1 H, dm , J 5. ^  5.25 Hz, 6 ” -H ).

P r e p a r a t i o n  of the e t h e n y l t h i a z o l a m i n e  ( 4 1 )  ~ The ethenylthiazolam ine 

hydrochloride (114) (7.5 g, 31 mmol) was stirred in 10% solution of am m onia in 

ethanol (25 cm 3) for 2 h. The free am ine was collected by filtration, washed with 

ethanol and chrom atographed on silica gel with 1% trie thylam ine in ethyl acetate as 

e luan t to  yield 4 - [ 2 - ( 2 - p y r i d y l ) e t h e n y l J - 2 - t h i a z o l a m i n e  (41) (R F 0.45, solv. 3) as a 

solid (6  g, 95%) m.p. 175-177°C; (Found: C, 59.2; H, 4.4; N, 20.7. C 10H9N3S requires 

C, 59.1; H, 4.5; N, 20.7%.); \ max (E tO H ) 206 (e 8 830 dm 3 mol" 1 cm "1), 257 (17 440), 

329 nm  (16 180); vmax (nujol) 3 250 and 3 100 (N -H ), 1 650, 1 620, 1 580, 1 540, 

1 430, 1 350, 1 290w, 1 270w, 1 205w, 1 150w, 1 125w 1 090w, 1 050w, 995w, 960, 855, 

765 cm "1; SH [270 MHz; (CD 3)2SO[ 6.77 (1 H, s, 5’-H ), 7.10 (1 H, d, J l 2  16 Hz, l ’- H ) ,  

7.11 (2  H, br s, N H  2), 7.21 (1 H, ddd , J 4. 5. 7.9, J 5. 6. 4.5, J y  5. 1.1 Hz, 5” -H ), 7.37 (1
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H, d, J v2 16 Hz, 2’-H ), 7.47 (1 H, d, J y4. 7.9 Hz, 3” -H ), 7.74 (1 H, td , J y 4. 5. 7.9, 

J 4. 6. 1.9 Hz, 4” -H ), 8.53 (1 H, dm , J 5. 6. 4.5 Hz, 6 ” -H ); 8C [67.8 MHz; (CD 3)2SO]

108.8 (d, 5 -C ), 122.3 (d, 5” -C ), 122.4 (d, 3” -C ), 126.1 (d, l ’-C ), 128.2 (d, 2’-C ),

136.9 (d, 4” -C ), 149.4 (d, 6 ” -C ), 149.6 (s, 4 -C ), 155.4 (s, 2 ” -C ), 168.3 (s, 2-C ); m / z  

(low eV El) 203 (A/+, 100%), 202  (45).

At tem pted  photocyclisat ion of the e theny l th iazo lamine17 ( 4 l ) ~  The 

ethenylthiazolam ine (41) (100 mg, 0.5 m m ol), p-nitrobenzoic acid (84 mg, 0.5 mmol), 

and triethylam ine (0.07 cm 3, 0.55 mmol) were dissolved in dry acetonitrile (200 cm3) 

and to  th is was added 10% palladium  on charcoal (50 mg). The m ixture  was stirred 

in a  w ater cooled photochem ical reactor (of capacity  20 0  cm 3) and purged w ith n itro

gen gas for 2h. This was irrad ia ted  w ith a  125W m edium  pressure lam p in a  pyrex 

sleeve for 18h. A fter this tim e the reaction m ixture was concentrated  to  an oil and 

chrom atographed on silica gel w ith 1% trie thylam ine in ethyl aceta te  as eluant. This 

resulted in the isolation of unidentiafiable decom position products only; the experi

m en t was therefore abandoned.

A t tem p ted  photocyclisat ion of the etheny l th iazo lamine  hydrochloride20 

(114)  ~ The ethenylth iazolam ine hydrochloride (114) (110  mg, 0.5 mmol) was dis

solved in ethanol (350 cm 3) and the solution was purged with nitrogen gas for lh  in a  

w ater cooled photochem ical reacto r of 400 cm 3 capacity . The solution was irradiated 

w ith a  400W m edium  pressure m ercury lam p for 3V2h. Analysis by t.l.c. indicated 

th a t  there was no longer s ta rtin g  m aterial present, and the solvents were removed in 

vacuo.  The residue was chrom atographed on silica gel w ith 1% triethylam ine in 

ethyl acetate as eluant. T his yielded only decom position products, however, and the 

experim ent was therefore abandoned.
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At tem pted  photocycl isat ion of the etheny l th iazo lamine 20 (41)  ~ The 

ethenylthiazolam ine (41) (100 mg, 0.5 mmol) was dissolved in ethanol (350 cm 3) and 

the  solution was purged w ith nitrogen gas for lh  in a  w ater cooled photochem ical 

reactor of 400 cm 3 capacity. The solution was irrad ia ted  with a  400W m edium  pres

sure m ercury lam p for 3V2h. Analysis by t.l.c. indicated  th a t there was no longer 

s ta rtin g  m aterial present and the  solvents were rem oved in  vacuo. The residue was 

chrom atographed on silica gel w ith  1% trie thylam ine in ethyl acetate as eluant. As 

w ith the irradiation of the  2-th iazo lam ine  hydrochloride, however, nothing which 

could be positively identified as an organic molecule was isolated and therefore the 

experim ent was abandoned.

7.5 Experim ental to  C hapter 5.

Preparat ion of the N -m e th y lp y r id in iu m  iodide (119) . -  The ethenylth iazolam 

ine (41) (5.5 g, 27 mmol) was slurried in acetonitrile (100 cm 3) and heated to  reflux 

tem pera tu re  to  effect solution. Iodom ethane was added in five portions (approxi

m ately 2 cm 3 each) during the period of reflux (ca. lOh). A fter th is tim e the yellow 

solid which had precipitated  out was collected and dried (7.87 g). Analysis by t.l.c. 

indicated th a t th is contained unreacted starting  m aterial as well as product, and th is 

was therefore chrom atographed on alum ina w ith 2-propanol -ethyl acetate  (1:3) as 

e luan t to  yield ( E) -4~{2-[2 - (N -m ethy l jpyrid in iumje theny l} -2 - th iazo lamine  iodide  

(119) (RF 0.35, solv. 4) as a  yellow crystalline solid (6.5 g, 69%), m.p. 233-235°C 

(from  m ethanol) (Found: C, 37.9; H, 3.45; N, 12.1. C n H 12IN3S requires C, 38.3; H, 

3.5; N, 12 .2 %.); \ max (E tO H ) 207 (e 22  610 dm 3 m ol" 1 cm "1), 268 (8 660), 285sh 

(6  900), 390 nm  (6 560); vm3X (nujol) 3 277 and 3 137 (N -H ), 1 610 (C = C ), 1 570, 

1 525, 1 360, 1 310w, 1 270, 1 180, 1 140w, 980, 860, 765, 720 cm "1; 8H [270 MHz; 

(C D 3)2SO; 4.28 (3 H, s, C H 3), 7.19 (1 H, s, 5-H ), 7.25 (1 H, d, J v2  15.5 Hz, l ’-H ),
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7.30-7.50 (2 H, br s, N tf  2), 7.71 (1 H, d, J l  2 15.5 Hz, 2 ’-H ), 7.86 (1 H, m, 5”-H ), 

8.45 (2 H, m, 3” -H , 4” -H ), 8.93 (1 H, d, J 5. 6. 6  Hz, 6 ” -H ); 8 C [67.8 MHz; (CD3)2SO]

45.7 (q, C H S), 115.6 (d, 5 -C ), 116.7 (d, l ’-C ) , 124.5 (d, 5” -C ), 124.6 (d, 3”-C ),

135.5 (d, 2 ’-C ), 144.1 (d, 6 ” -C ), 145.9 (d, 4” -C ) , 148.1 (s, 2”-C ), 152.5 (s, 4-C ),

168.6 (s, 2 -C ).

S o d iu m  borohydride reduct ion of the N-m e thy lpy r id in ium  iodide (119) -  The 

jV -m ethylpyridinium  iodide (119) (7.2 g, containing some unreacted starting  

m aterial) was slurried in ethanol (100 cm 3) and to  the stirred , cooled (0°C) solution 

was added sodium  borohydride (1.58 g, 42 mmol) in portions. This resulted in 

effervescence and a fte r a  few m inutes a  homogeneous solution. The cooling bath was 

rem oved and the reddish solution stirred  a t  room tem peratu re  for Vzh. Acetone (10 

cm 3) was added to  quench any unreacted borohydride and the solvents were removed 

in  vacuo. E thyl aceta te  (30 cm 3) and 2 M aqueous HC1 (20  cm 3) were added to  the 

am orphous solid and the aqueous phase was made slightly basic with sodium car

bonate. The organic layer was separated  and the aqueous phase was extracted  with 

ethyl acetate. The com bined organic ex trac ts  were washed with brine, dried 

(M gS 04) and concentrated  to  afford an oil. This was chrom atographed on silica gel 

w ith 1% triethylam ine in dichlorom ethane as eluant to yield the ethenylthiazolam ine 

(41) (669 mg). The solvent polarity was increased to  1% triethylam ine in

m ethanol-d ich lorom ethane (1:19) to  yield 4~f 2 - ( 'S -methy l- l  ,2,3,6- tetrahydropyrid-  

2-yl)ethenyl]-2- thiazolamine  ( 120) (Rp 0.32, solv. 5) as a  solid [2.3 g, 55% based on

6.53 g of the A -m ethy lpyrid in ium  iodide (119) used], m .p. 172°C (from ethanol) 

(Found: C, 57.35; H, 7.0; N, 18.3. requires C, 57.4; H, 6.95; N,

18.3%.) Amax. (E tO H ) 195 (e 11 960 dm 3 mol"1 cm "1), 220 (28 110), 268 nm (14 490); 

vm3X (KBr) 3 307vs and 3 123vs (N -H , H20 ) ,  2 798 (C -H ), 1 649vs (C = C ), 1 544vs 

(C = C ), 1 505, 1 454, 1 392, 1 351vs, 1 236, 1 126s, 1 102 , 1 044, 1 007, 969s, 850, 814,
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6 8 6 , 656 c m -1; 8H (270 MHz; CDC13) 2.25 (2 H, m, 3” -H ), 2.32 (3 H, s, C H  3), 2.94 (1 

H, dm , J 6*i6‘(yem) 17 Hz, 6  ~H), 3.02 (l H, ddm , 14, J ^ ^ v i c )  6*5 Hz, 2” -H ),

3.25 (1 H, dm , JQ-,or{gem) 17 Hz, 6 ” -H ), 5.38 or 5.95 (2 H, br s, N /7 2), 5.69 (1 H, dm, 

J A- F[ c i t )  12 Hz, 5” -H ) , 5.77 (1 H, dm , J 4.i5.(CI-,) 12 Hz, 4” -H ), 6.25 (1 H, d, J v2 16 

Hz, 2 ’-H), 6.31 (1 H, s, 5-H ), 6.34 (1 H, d, J v2 16 Hz, l ’-H ); 8C (67.8 MHz; CDC13)

32.3 (t, 3” -C ), 42.9 (q, C H 3), 53.0 (t, 6 ” -C ), 62.0 (d, 2” -C ), 104.9 (d, 5 -C ), 123.7 

(d. l ’-C ), 124.5 (d, 4” -C ), 125.0 (d, 5” -C ), 131.1 (d, 2’-C ) , 149.0 (s, 4 -C ), 167.8 (s, 

2-C ); m / z  (low eV El) 221  (A/+, 83%), 220  (31), 94 (100).

A lower running com pound isolated as a  w ater soluble oil (RF 0.45, solv. 5) 

proved to  be 4~f2-(N-methyl- l ,2 ,3 ,6-  te t rahydropyrid-2-yl)ethyl]-2-thiazolamine  

(123) (96 mg, 2.3%); vmax. (CH 2C12) 3 481 and 3 386 (N -H ), 3 032 (arom atic, vinylic 

C -H ), 2 949s (aliphatic C -H ), 2 781, 1 604vs (C = C ), 1 517vs, 1 473w, 1 338, 1 270br, 

1 157w, 1 050, 801, 660 cm "1; 8H (270 MHz; CDC13) 1.65 (1 H, m, 2’-H ), 1.95 (1 H, m, 

3” -H ), 2 .02  (1 H, m, 2 ’-H ), 2.20 (1 H, dm , J y ty {gem) 17 Hz, 3” -H ), 2.35 (3 H, s, 

C t f 3), 2.55 (3 H, m, l ’-H  and 2 ” -H ), 3.00 (1 H, dm , J &̂ [gem) 17 Hz, 6 ” -H ), 3.16 (1 

H, dm , Jffe(gem) 17 Hz, 6 ” -H ), 5.25 (2 H, br s, N H  2), 5.63 (1 H, dm , 11 Hz,

5” -H ), 5.73 (1 H, dm , H 4” -H ), 6 .1 0  (1 H, s, 5-H ); 8C (67.8 MHz;

CDC13) 28.1 (t, 2 ’-C ), 28.8 (t, 3” -C ), 29.6 (t, l ’-C ), 40.5 (q, C H3), 53.1 (t, 6 ” -C ),

57.5 (d, 2” -C ), 101.7 (d, 5-C ), 124.5 (d, 4” -C ), 124.6 (d, 5” -C ), 152.7 (s, 4 -C ), 168.1 

(s, 2 -C ); m / z  (low eV El) 223 (M +, 15%), 97 (76), 96 ( 1 0 0 ) (Found: A/+, 223.1122. 

C u H 17N3S requires A/, 223.1142).

An altered w ork-up  procedure resulted in improved yields of the  e theny l- 

te trahydropyrid ine (120) (64%) and the e thy lte trahydropyrid ine (123) (14%). After 

the  initial removal of solvents, the solid was acidified w ith the m inim um  of 2M HC1, 

basified (Na2C 0 3), 2 -propanol added and the solvents again rem oved in  vacuo. 

M ethanol was added and th is was filtered to  remove inorganic solids before being 

concentrated  to an oil and chrom atographed as before.
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Preparation of the amide  (124)  -  The ethy lte trahydropyrid ine (123) (159 mg, 

0.71 mmol) and acetic anhydride (0.1 cm 3, 1 mmol) were dissolved in dry acetonitrile 

(10 cm 3) and the solution was heated under reflux. A fter lh , t.l.c. analysis indicated 

partial conversion of s ta rting  m aterial to  product and a  fu rther equivalent of acetic 

anhydride was added. H eating was continued for lh  and the m ixture w as allowed to 

cool. T riethylam ine (1 cm 3) was added and  the solution was stirred  for lh  a t room 

tem peratu re . The solvents were rem oved in  vacuo and the residue was chrom ato

graphed on silica gel w ith 1% am m onia in acetone-ethanol-ch loroform  (5:8:87) as 

e luan t to  yield

thiazolace tamide  (124) as an oil (170 mg, 90%); vm:)X (CHC13) 3 407 (N -H ), 3 OOObr 

(C -H ), 1 680 (am ide 1), 1 520br cm "1; 8H (270 MHz; CDC13) 1.70 (1 H, m , 2’-H ), 2.05 

(3 H, m, 3” -H , 2’-H , N H  ), 2.25 (4 H, m, 3” -H , N H C O C tf 3), 2.40 (3 H, s, N -C tf  3),

2.70 (3 H, m, 2 ” -H , l ’-H ), 3.17 (l H, dm , J 6-i6.{gem) 18 Hz, 6 ” -H ), 3.28 (1 H, dm, 

J6.Mgem) 18 Hz, 6 ” -H ), 5.63 (1 H, dm , J4̂ {ctf) 10.5 Hz, 5” -H ), 5.76 (1 H, dm, 

J 4. 5.(ck<) 10.5 Hz, 4” -H ), 6.53 (1 H, s, 5-H ); Sc (67.8 MHz; CDC13) 22.8 (q, 

N H C O C  H3), 27.5 (t, 2 ’-C ), 27.7 (t, 3” -C ) , 29.3 (t, l ’-C ), 39.3 (q, N - C 3), 52.0 (t, 

6 ” -C ), 57.0 (d, 2 ” -C ), 107.3 (d, 5 -C ), 123.4 (d, 4”-C ), 124.1 (d, 5” -C ), 150.3 (s, 4 - 

C), 158.3 (s, 2 -C ), 168.3 (s, N H C O C H 3); m / z  (isobutane Cl) 266 (M  + l ,  100%), 97 

(32), 96 (32) (Found: A/+, 265.1197. C 13H 19N3OS requires M,  265.1247).

At te m p te d  preparation of the ethy l th iazo lamine  (125)  using heterogeneous  

catalysis .-  The ethenylth iazolam ine (41) (1 0 0  mg, 0.5 mmol) was dissolved in 

ethanol (20  cm 3) and in th is was slurried 10% palladium  on charcoal (10  mg). The 

m ix ture  was stirred under hydrogen gas (1 atm osphere) a t room tem perature. 

Analysis by t.l.c. a fte r several hours and again a fte r several days showed the presence 

of s ta rting  m aterial only, and the  experim ent was therefore abandoned. The pro

cedure was repeated using raney nickel and platinum  oxide (acetic acid solvent) as
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the catalysts but in no case was a product seen.

Preparat ion of the e lhyl thiazolamine  (125)  using d i - im ide-1 . -  The 

ethenylthiazolam ine (41) (100 mg, 0.5 mmol) and hydrazine hydrate (0.044 cm 3, 0.9 

mmol) were dissolved in ethanol (5 cm 3). In to  the  solution was slurried selenium 

powder (4 mg, 0.05 mmol) and the m ixture was stirred  a t  room tem pera tu re  in the 

presence of air for 24h. D ichlorom ethane (15 cm 3) was added, the m ixture  was 

filtered through celite to  remove the selenium and the solvents were rem oved in 

vacuo. The residue was chrom atographed on silica gel w ith ethyl aceta te -petro l 

(60-80°C) ( 1:1) as the  e luant to  yield unreacted s ta rting  m aterial (30 mg, 30%) fol

lowed by 4"[2-(2-pyridyl)ethyl]-2- thiazolamine (125)  (43 mg, 42% based on initial 

q u an tity  of starting  m aterial) as a  solid (R F 0.30, solv.3). The experim ent was 

repeated several tim es, a  typical yield a fte r colum n chrom atography being 63% based 

on recovered starting  m aterial; m .p. 121°C [from E tO A c-petro l (60-80°C)| (Found: 

C, 58.7; H, 5.4; N, 20.55. C 10H n N3S requires C, 58.5; H, 5.4; N, 20.5%); \ max (E tO H ) 

203 (€ 21 810 dm 3 mol’ 1 c m '1), 256 (11 400), 260 (11 5200), 266sh nm (8  815); i/max 

(KBr) 3 293 and 3 100  (N -H ), 2 930 (C -H ), 1 725w, 1 636, 1 594, 1 530s, 1 477, 1 443, 

1 430, 1 336, 1 150, 1 115, 998, 979, 751s, 689 cm "1; 8 H (27°  M Hzi CDC13) 2.95 (2 H, 

m, l ’-H ), 3.10 (2 H, m, 2 '-H ), 5.50 (2 H, br s, N H  2), 6.04 (1 H, s, 5-H ), 7.10 (1 H, m, 

5” H), 7.13 (1 H, d, J 3. 4. 7.9 Hz, 3” H), 7.57 (1 H, td , J y4. s. 7.9, J 4. 6. 1.7 Hz, 4” -H ),

8.54 (1 H, dm, J 5. 6. 5 Hz, 6 ” -H ); 8 C (67.8 MHz; CDC13) 31.5 (t, l ’-C ), 37.3 (t, 2 ’-C ),

102.5 (d, 5-C ), 121.0  (d, 5” -C ), 122.8  (d, 3” -C ), 136.2 (d, 4” -C ), 149.2 (d, 6 ” -C ),

152.0 (s, 4 -C ), 161.1 (s, 2 ” -C ), 167.7 (s, 2 -C ); m / z  (low eV E l) 205 (M +, 100%), 172 

(7), 130 (38).

At tem pted  preparation of the e thy l th iazo lamine  (125)  using d i - i m i d e - 2 -  The 

ethenylthiazolam ine (41) (100 mg, 0.5 mmol) and hydrazine hydrate  (0.97 cm 3, 20
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mmol) were dissolved in m ethanol (3 cm 3) containing two drops of sa tu ra ted  aqueous 

C u S 0 4 solution and two drops of glacial acetic acid. A solution of sodium  periodate 

(535 mg, 2.5 mmol) in w ater was added dropwise to  the stirred solution over lh . 

A fter the addition, t.l.c. analysis indicated  the  presence of starting  m aterial only, and 

so fu rth e r equivalents of hydrazine and sodium  periodate were added. The m ixture 

was basified with sodium carbonate  and ex tracted  w ith ethyl acetate . The organic 

phase was dried (M gS 04) and concen trated  to an oil; however t.l.c. analysis once 

more revealed only starting  m aterial and the experim ent was abandoned.

Preparat ion of the e thy l th iazo lamine  (125)  using d i - i m i d e - 3 -  The 

ethenylthiazolam ine (41) (171 mg, 0.84 m mol) and p-to luenesulphonhydrazide (1.88 

g, 10 mmol) in ethanol (8 cm 3) were heated  w ith stirring under gentle reflux. Sodium  

aceta te  (1.64 g, 20 mmol) in w ater (8 cm 3) was added dropwise to  the  solution over a  

period of 5h (ca. 2 drops every V^h). On completion of the  addition t.l.c. analysis 

indicated the absence of s ta rting  alkene, and the reaction m ixture was allowed to  

cool. Am m onium  chloride (2 g) was added and the m ixture was basified w ith sodium  

carbonate. This wras ex tracted  several tim es with dichlorom ethane, the  combined 

organic ex tracts were wTashed with brine, dried ( \ lg S 0 4) and concentrated  to  afford 

an oil. This was chrom atographed on silica gel with 1% triethylam ine in ethyl aceta te  

as e luant to  yield the ethylth iazolam ine (125) as a  solid (33 mg, 19%).

Preparation of the e thy l th iazo lamine  (125)  using sod ium hydro te l lu r ide -  

T he ethenylthiazolam ine (41) (27 g, 133 mmol) was dissolved in ethanol (350 cm 3) 

under nitrogen and in this solution was slurried tellurium  powder (42.4 g, 332 mmol). 

The stirred  m ixture was cooled to  0°C and sodium  borohydride (25.14 g, 665 mmol) 

was added carefully in small portions. A highly exotherm ic reaction occured which 

was controlled by use of an ice bath . Once the  reaction had subsided the m ixture was
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heated gently under reflux for ca. 6 h until t.l.c. analysis indicated com plete conver

sion of starting  compound to product. The m ixture was allowed to  cool and filtered 

through celite, washing with ethanol. The solvent was removed in vacuo to  afford a 

solid w?hich was chrom atographed on silica gel with 1% triethylam ine in ethyl 

aceta te  -petrol (60-80°C) (1:2 ) as the e luant to  yield the ethylthiazolam ine (125) as a 

solid (17.3 g, 63.5%).

A t te m p te d  preparation of the ethyltetrahydropyridine (123)  using di-imide-1.  

The etheny lte trahydropyrid ine (120) (11 mg, 0.05 mmol) and hydrazine hydrate 

(0.01 cm 3, 0.25 mmol) were dissolved in a  m ixture of ethanol (2 cm 3) and m ethanol 

(1 cm 3). In to  the stirred solution was slurried selenium powder (4 mg, 0.05 mmol) 

and the m ixture was stirred a t room tem peratu re  in air for several days. The solution 

was filtered through celite and the solvents removed in  vacuo to  afford an oil. 

Analysis of the residue revealed a complex m ixture; the experim ent was therefore 

abandoned.

A t te m p te d  preparation of the ethyltetrahydropyridine (123)  using di-imide-2.  

The etheny lte trahydropyrid ine ( 120) (10  mg, 0.045 mmol) and hydrazine hydrate 

(0.02 cm 3, 0.45 mmol) were stirred a t ice bath tem peratu re  in ethanol (5 cm 3). 30% 

hydrogen peroxide (0.05 cm 3, 0.45 mmol) was added to  th is solution over lV2h, keep

ing the tem pera tu re  of the reaction m ixture below 30°C. A fter th is tim e however 

t.l.c. analysis revealed a complex m ixture of products; the  experim ent was therefore 

abandoned.

A t te m p te d  preparat ion of the ethyl te trahydropyridine (123)  using di-imide-3.  

The etheny lte trahydropyrid ine (120) (23 mg, 0.9 mmol) was stirred  in m ethanol (10 

cm 3) under nitrogen and in th is solution was slurried potassium  azodicar boxy late
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(176 mg, 0.9 mmol) which had been prepared according to  the m ethod of Thiele .21 A 

solution of acetic acid (0.06 cm 3) in m ethanol (5 cm 3) was added dropwise to the 

stirred  m ixture over a  period of Vih. The resulting reaction m ixture was stirred a t 

room  tem peratu re  overnight. Analysis by t.l.c. indicated th a t the s ta rting  material 

had rem ained unchanged and hence the experim ent was abandoned.

Preparat ion of the ethyltetrahydropyridine (123)  using d i - im ide -4~  The 

etheny lte trahydropyrid ine (120) (100 mg, 0.45 mmol) and p-

toluenesulphonhydrazide (2 .02  g, 10.9 mmol) were dissolved in ethanol (8 cm 3). The 

m ixture  was heated to  effect solution and then under gentle reflux. Sodium  acetate 

trih y d ra te  (2.95 g, 21.7 mmol) in w ater (8 cm 3) was added dropwise over ca. 5h, 

keeping the reaction m ixture a t reflux tem peratu re  during the addition. The result

ing solution was allowed to  cool, aqueous am m onium  chloride was added, the mix

tu re  was basified (Na2C O s) and ex tracted  with ethyl acetate . The combined organic 

ex trac ts  were washed with brine, dried (M gS 04) and concentrated  to afford an oil. 

This was chrom atographed on silica gel with \%  triethylam ine in ethyl acetate as 

e luan t to  yield the ethylte trahydropyrid ine (123) an oil (39 mg, 39%).

Preparation of the ethyl te trahydropyridine (123)  using d i - im ide -5 .- The 

etheny lte trahydropyrid ine  (120) (200 mg, 0.9 mmol) and 2,4,6-

trim ethylbenzenesulphonyl hydrazide (MSH) (427 mg, 0.19 mmol) were dissolved in 

m ethanol (6 cm 3). The solution was heated under reflux for Vzh and t.l.c  analysis 

indicated  partial conversion of starting  m aterial to product. A fu rth e r 500 mg of 

MSH was added and the m ixture was heated for 5h. The solution was allowed to  cool 

and the  solvents were rem oved in  vacuo. The residue was preadsorbed onto  silica gel 

and chrom atographed using \%  triethylam ine in ethyl aceta te  as eluant. This 

resulted  in the isolation of e thenylte trahydropyrid ine (120) (33 mg) and the e thy l-
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te trahydropyrid ine  (123) (104 mg).

A t tem p ted  preparat ion of the ethyl te trahydropyridine (128)  using sodium  

hydro te l lu r ide -  The e thenylte trahydropyrid ine ( 120) (5 mg, 0.023 mmol) and 

sodium  borohydride (10 mg, 0.27 mmol) were dissolved in ethanol (5 cm 3) and into 

the  stirred , cooled (0°C) solution was slurried tellurium  powder (7 mg, 0.06 mmol). 

The m ixture was heated under reflux for 4h, a fter which tim e t.l.c. analysis indicated 

s ta rtin g  m aterial and no product. Heating was continued for an extended period (ca . 

5h), however still no products appeared and the experim ent was abandoned.

A t te m p te d  preparat ion of the ethyl te trahydropyridine (128)  using  

tr is ( t r ip heny lp hosph ine)rhod ium(I )  chloride ( W i l k i n s o n ’s catalyst22 ) -  The 

etheny lte trahydropyrid ine (120) (30 mg, 0.13 mmol) was dissolved in ethanol (15 

cm 3) and this was added to  a  stirred solution of W ilkinson’s cata lyst (10 mg, 0.011  

mmol) in toluene (15 cm 3). The m ixture was hydrogenated overnight a t atm ospheric 

pressure and room tem peratu re  and then a t 4 atm ospheres (glass vessel) for several 

hours. F inally, the stirred solution was heated a t 60°C under hydrogen gas a t 4 a tm o

spheres. A fter each stage, t.l.c. analysis indicated the presence only of starting  

m ateria l, and in the la tte r  case base line decom position m aterial also. The experi

m ent was therefore abandoned.

Preparat ion  of the 2,5, -dimethylpyrrole ( 1 2 9 ) -  The ethylth iazolam ine (125) 

(2 g, 9.8 mmol) and acetonylacetone (1.38 cm 3, 11.7 mmol) were dissolved in toluene 

(1 0 0  cm 3) w ith acetic acid (2 cm 3) and p-toluenesulphonic acid (50 mg). The stirred 

m ix ture  was heated under reflux in a  vessel fitted w ith a  D ean-S tark  a ttach m en t for 

18h. A fter cooling the solvents were removed in  vacuo , the residue was taken  up in 

ethyl aceta te , washed with sodium  carbonate solution followed by brine and  dried
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( \ lg S 0 4). The solution was concentrated  to afford an oil which was chrom atographed 

on silica gel with ethyl acetate-cyclohexane (1:3) as e luant to  yield 4-(2-(2-  

pyridyl)ethylJ-2-(N-2,5-dimethylpyrrolyl) thiazole  (129)  [RF 0.27, ethyl ace ta te - 

toluene ( 1:1)] as an oil, (2.7 g, 99%); vmr̂  (film) 2 922 (C -H ), 1 711, 1 591, 1 520, 

1 488, 1 433, 1 374, 1 296, 1 216, 1 159, 766 cm "1; 8 H (2 0 0  MHz; CDC13) 2.20 (6 H, s, 

pyrrole C / / 3), 3.20 (4 H, s, l ’-H , 2 ’-H ), 5.85 (2 H, s, pyrrole 3-H , 4 -H ), 6.85 (l H, s,

5-H ), 7.10 (1 H, d, J y 4. 7.5 Hz, 3” -H ), 7.11 (1 H, m, 5” -H ), 7.55 (l H, td , J y  4.5. 7.5, 

J 4. 6. ca. 1 Hz, 4” -H ), 8.55 (1 H, dm , J 5. 6. 5 Hz, 6 ” -H ); m / z  (70 eV E l) 283 (M +, 

100%), 268 (23), 189 (49), 134 (46), 130 (41) (Found: A/+, 283.1119. C 16H 17N3S 

requires M , 283.1141).

Preparat ion  of the ethyl te trahydropyridine (180) .  The 2,5-dim ethylpyrrole 

(129) (2 g, 7 mmol) and benzyl bromide (0.84 cm 3, 7 mmol) were dissolved in aceton- 

itrile (25 cm 3) and heated under reflux, w ith a  fu rth e r addition of benzyl bromide 

(0.2 cm 3) a fte r lh. A fter 2h, t.l.c. analysis indicated th a t m ost of the starting  

m aterial had converted to  product, and the reaction m ixture allowed to  cool and the 

solvents rem oved in vacuo. The residue was dissolved in ethanol (30 cm 3) and to  the 

stirred solution was added sodium  borohydride (500 mg, 14 mmol). A fter lh  a t room 

tem pera tu re , acetone (10  cm 3) was added to destroy any rem aining sodium  borohy

dride and the  solvents were rem oved in  vacuo. E thy l acetate  and 2 M HC1 were 

added, and the  m ixture was basified w ith sodium  carbonate. The aqueous phase was 

ex tracted  several tim es w ith ethyl acetate , the combined organic fractions were 

washed w ith brine, dried (M gS 04) and concentrated  to  afford an oil. This was 

chrom atographed on silica gel w ith 1% am m onia in m ethano l-acetone- 

d ichlorom ethane (2:3:94) as e luant to  yield ^ - ^ - ( ^ - b e n z y l - l ^ ^ S ^ - t e t r a h y d r o p y r i d -  

2-yl)ethyl]-2- thiazolamine (ISO)  'R F 0.25, 1% am m onia in m ethano l-acetone- 

d ichlorom ethane (2:3:94)] as an oil (204 mg, 10%); (CHC13) 3 450 and 3 360
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(N -H ), 2 900 (aliphatic C -H ), 1 700w, 1 595 (C = C ), 1 480, 1 435br, 1 325, 1 130, 

1 090, 900 cm "1: SH (270 MHz; CDC13) 1.73 (1 H, dq, J 2t 2{gem) 14.7, J vtc 8 Hz, 2’-H ),

1.95 (2 H, m, 2’-H , 3” -H), 2.30 (1 H, dm , J y ^ {gem) 17.5 Hz, 3”-H ), 2.60 (2 H, t, J l 2  

8 Hz, l ’-H ), 2.85 (1 H, m, 2 ” -H ), 3.00 ( l H, dm , J &fi ' [gem)  17 Hz, 6 ”-H ), 3.10 (1 H, 

dm , J &<ngem) 17 Hz, 6 ” H), 3.63 (l H, d, J gem 12.5 Hz, C / / 2P h), 3.71 ( l H, d, J gem

12.5 Hz, C ff 2P h), 5.18 (2 H, br s, N H 2), 5.60 (1 H, dm , J 4%5-{cis) 10 Hz, 5”-H ), 5.75 

(1 H, dm , J 4"5*(ck»j 10 Hz, 4” -H ), 6.06 ( l H, s, 5-H ), 7.20-7.40 (5 H, m, Ph); 8C (67.8 

MHz; CDC13) 27.6 (t, 2’-C ) , 28.5 (t, 3” -C ), 28.7 (t, l ’-C ) , 47.9 (t, 6 ” -C ), 55.2 (d, 

2” -C ) , 56.2 (t, C  H2P h ), 102.2  (d, 5 -C ), 124.3 (d, 4” -C ), 125.0 (d, 5” -C ) , 126.7 (d, 

p a ra -C ) , 128.2 (d, o r t h o - C), 128.8 (d, m e t a - C), 139.8 (s, 1-C  P h ), 153.3 (s, 4-C ),

167.3 (s, 2-C ); m / z  (low eV E l) 299 (A/+, 13%), 208 ( 100 , A f-C H 2P h ), 173 (27) 

(Found: M +, 299.1433. C 17H21N3S requires M , 299.1454).

P r e p a r a t i o n  of the p h t h a l i m i d e  ( l S l j -  The ethylthiazolam ine (125) (12 g, 58.5 

mmol) and phthalic anhydride (9.6 g, 65 mmol) were dissolved in chloroform  (300 

cm 3) and th is was heated under reflux for ca. 5h. A fter th is tim e t.l.c. analysis (1% 

trie thy lam ine in ethyl acetate) indicated alm ost com plete conversion of starting  

com pound to  product. The solvents were removed in vacuo  and the resu ltan t oil was 

chrom atographed  on silica gel with 1% triethylam ine in ethyl ace ta te-petro l (60- 

80°C) (1:3) as e luan t to  yield 4~(%~(2 - p y r i d y l ) e t h y l ] - 2 - ( N - p h t h a l i m i d o ) t h i a z o l e  

(131)  (R f 0.6, solv. 3) as a  solid (10  g, 51%), m.p. 134°C (from ethanol) (Found: C, 

64.1; H, 3.8; N, 12.4. C 18H 13N30 2S requires C, 64.45; H, 3.9; N, 12.5%); vmz)X (CHC13) 

1 790 and 1 720s (5-ring imide C —O), 1 585, 1 460, 1 425w, 1 340s, 1 12 0 , 875 cm -1; 

SH (270 MHz; CDC13) 3.27 (4 H, m, l ’-H , 2’-H ), 6.90 (1 H, s, 5-H ), 7.11 (1 H, ddd, 

J 4. 5. 8 , J y  o- 5, J y  5. 1 Hz, 5” -H ), 7.16 (1 H, d, 8 Hz, 3’ -H ), 7.57 (1 H, td , J y . r p  

8 , J 4. 6. 2 Hz, 4” -H ), 7.82 (2 H, dd, J ^ y 5.5, J ^ y 3 Hz, y , y  - H), 7.98 (2 H, dd, J P y

5.5, J p y  3 Hz, j3, jS’-H ), 8.55 (1 H, d, J 5. 6. 5 Hz, 6 ” -H ); Sc (67.8 MHz; CDC13) 31.3
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(t, l ’-C ), 37.1 (t, 2’-C ), 112.8  (d, 5 -C ), 1 21 .0  (d, 5” -C ), 122.9 (d, 3” -C ), 124.1 (d, 0 , 

0 ’-C ), 131.0 (s, a , a ’-C ), 134.9 (d, y, y ’-C ), 136.2 (d, 4” -C ), 149.0 (d, 6 ”-C ), 150.9 

(s, 4 -C ), 153.6 (s, 2 -C ), 160.6 (s, 2” -C ), 164.6 (s, C = 0 ) ;  m / z  (isobutane Cl) 336 

( M - h i ,  90%), 246 (30).

Preparat ion of the phthal imido  benzyl bromide (132) . -  The phthalim ide (131) 

(5.68 g, 17 mmol) and benzyl bromide (2.9 g, 17 mmol) were dissolved in acetonitrile 

(100 cm 3) and heated under reflux for 3h, and then stirred  a t room tem peratu re  

overnight. The solvents were removed in  vacuo and the m ixture was chrom ato

graphed on alum ina w ith 2 -propano l-e thy l ace ta te  (1:3). This resulted in the  isola

tion of an unidentified orange glass (5.11 g, R F 0.65, solv. 4). Increased e luan t polar

ity  eventually yielded 2-(N-benzy l)pyrid in iumJ ethyl}-2-(N-

phthal im ido j th ia zo le  bromide (132)  (R F 0.4, solv. 4) as a  grey solid (1.32 g, 15.3%) 

m .p. 205-215°C (decomp.); SH [270 MHz; (CD 3)2SO] 3.03 (2 H, t, J v2 7.5 Hz, l ’-H ), 

[3.45 (2 H, t, Jy  ^ 7.5 Hz, 2 ’-H ), obscured by peak due to  H20 ] , 6.08 (2 H, s, C / / 2P h), 

6.82 (1 H, s, 5-H ), 7.31-7.55 (7 H, m, Ph, y and y ’-H ), 7.85 (1 H, dd, J $ y 7.5, J ^ y.

1.5 Hz, j3-H), 7.98 (1 H, dd, J p y  7.5, J p y 1.5 Hz, j8’-H ), 8 .1 0  (2 H, m, 3” -H , 5” -H ), 

8.62 (1 H, td , J 3*4*5» 7.5, J 4. 6. 1 Hz, 4” -H), 9.25 (1 H, d, J 5. 6. 5.25 Hz, 6 ” -H ).

Preparat ion of the ethyltetrahydropyridine (133) . -  The phthalim ido benzyl 

brom ide (132) (1 g, 1.9 mmol) was slurried in ethanol (40 cm 3) and to  the cooled 

(0 °C) m ixture was added sodium  borohydride (151 mg, 4 mmol). The resu ltan t solu

tion was allowed to  warm  to  room tem peratu re  for lh , and acetone was added to  

quench excess sodium  borohydride. The solvents were rem oved under reduced pres

sure and ethyl aceta te  and 2M HC1 were used to  dissolve the residue. The m ixture 

was basified (N a2C 0 3) and the organic layer was separated . The aqueous phase was 

ex tracted  (EtO A c x  3), the combined organic ex trac ts  were washed with brine, dried
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(M gS 04) and the solvents were rem oved in vacuo to afford a solid. This was chrom a

tographed on silica gel w ith 1% am m onia in m ethanol- acetone-chloroform  (3:5:92) as 

e luan t to yield 4~[%~( N-benzyl- l ,2 ,8 ,6- te trahydropyrid-2-yl)ethylJ-2-  

( S -ph th a l im id o j th iazo le  (133) (R F 0.25, solv. 5) as a  solid (350 mg, 43%), m.p. 

175-177°C (Found: C, 69.7; H, 5.5; N, 9.7. C 25H23N3O 2S requires, C, 69.9; H, 5.4; N, 

9.8%); \ max (EtO H ) 201, 293 nm; i/max (nujol) 1 651, 1 540, 1 460, 1 370, 1 300, 900, 

835, 750, 700, 660 cm "1; SH (270 MHz; CDC13) 1.76 (1 H, dq, J 22 15, J  8 Hz, 2’-H ),

1.95 (1 H, dm, J 3. 3. 18 Hz, 3” -H ), 2.05 ( l H, m, 2’-H ), 2.30 (1 H, dm , J y y  18 Hz,

3 "-H ), 2.71 (2 H, t, J y 8 Hz, l ’-H ), 2.93 (1 H, m, 2” -H ), 3.00 (1 H, dm , J && 18 Hz, 

6 ” -H ), 3.12 (1 H, dm , J &i6. 18 Hz, 6 ” -H), 3.67 and 3.75 (2 H, convergent dd, J gem 11 

Hz, C / / 2P h), 5.60 (1 H, dm , J 4. 5. 10 Hz, 5” -H ), 5.76 (l H, dm , J r 5 . 10 Hz, 41,!-H ), 

6.50 (1 H, s, 5-H ), 7.2-7.4 (5 H, m, P h ), 7.44 (l H, td , J  7.3, J  1.7 Hz, “y-H ), 7.50 (1 

H, td , J  7.3, J  1.7 Hz, / - H ) ,  7.83 (1 H, dd, J  7.3, J  1.7 Hz, j3-H), 8 .2 2  (l H, dd, J  

7.3, J  1.7 Hz, /3’-H ); m / z  (isobutane Cl) 430 (M-/-J, 2 %), 300 (50), 208 (25), 149

(100), 102 (56), 101 (33), 86  (36).

Preparation of the meth iod ide  ( l$4) -  The phthalim ide (131) (150 mg, 0.6 

mmol) was dissolved in acetonitrile  (1 0  cm 3) and th is was heated to  reflux w ith stir

ring. Iodom ethane (ca. 2 cm 3) was added to the solution in small portions, and heat

ing was continued for 3h. On cooling, the product crystallised out and the solvent 

was removed under reduced pressure. The resulting solid was recrystallised from  

ethanol-m ethanol to  yield ^-{^-/2-(  N - m e t h y l j p y r i d in i u m j  ethyl)-2-(  N  -

phthalirnidoj thiazole  iodide  (134) (R F 0.4, solv. 4) as a yellowish solid (160 mg, 

75%), m.p. 205-207°C; (Found: C, 47.7; H, 3.3; N, 8 .8 . C 19H 16IN30 2S requires, C, 

47.8; H, 3.4; N, 8 .8 %); ym:oc (nujol) 3 080, 3 040, 1 790 and 1 720vs (5-ring imide 

C = 0 ) ,  1 630, 1 575w, 1 355vs, 1 335vs, 1 275, 1 225, 1 180, 1 160, 1 130s, 1 045, 885, 

785, 760, 715s cm "1; 8 H [270 MHz; (C D 3)2SO; 3.32 (2 H, t, J l  2 7 Hz, l ’-H ), 3.55 (2 H,
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t, J V2 7 Hz, 2’-H ), 4.35 (3 H, s, C / / 3), 7.55 (1 H, s, 5-H ), 7.99 (5 H, m, 5” -H , 

ph thalim ide-H ), 8.08 (1 H, d, J y  4. 8 Hz, 3” -H ), 8.51 (1 H, t, 8 Hz, 4” -H ), 9.03 

(1 H, d, J 5. 6. 6  Hz, 6 ” -H); 8 C [67.8 MHz; (CD 3)2SO] 28.3 (t, l ’-C ), 31.2 (t, 2’-C ), 45.6 

(q, C H 3), 115.4 (d, 5 -C ), 124.0 (d, /3,/3'-C), 125.4 (d, 5” -C ) , 128.2 (d, 3”-C ) , 131.0 

(s, a ,a '-C ) , 135.4 (d, y ,y '-C ), 145.0 (d, 6 ” -C ), 146.5 (d, 4” -C ) , 150.6 (s, 4 -C ), 151.5 

(s, 2 -C ), 157.6 (s, 2 ” -C ), 165.0 (s, C  = 0 ) .

S o d i u m  borohydride reduct ion of the m e th iod ide  ( 1 3 4 ) -  The m ethiodide

(134) (12.4 g, 26 mmol) was dissolved in ethanol (100 cm 3) and the stirred solution 

was cooled to 0°C. Sodium borohydride (2.27 g, 60 mmol) was added and the reaction 

m ixture  was allowed to w arm  to room tem pera tu re  over lh . The solvents were 

rem oved in  vacuo, the residue was successively acidified (2 M HC1) and basified 

(N a2C 0 3/  NaOH solution) and finally ex tracted  w ith ethyl acetate. The organic 

phase was washed with brine, dried (M g S O j and concen trated . Analysis by t.l.c. 

indicated  however th a t the organic ex trac t contained no products. The aqueous 

phase was therefore mixed w ith 2 -propanol and concen tra ted  in vacuo to afford an

oil. This was chrom atographed on silica gel w ith 1% am m onia in m ethanol- 

chloroform  (1:19) to  yield 4~[%~(^-methyl-1,2 ,5,6- te trahydropyrid-2-yl)ethylJ-2- 

t h ia zo lamine  (135) (Rp 0.45, solv. 5) and 4~[%-(^-methyl-1,2,3,6-tetrahydropyrid-

2-yl)ethyl]-2- th iazolamine  (123) as a  1:3 m ixture (1 g, 17%). Using preparative cen- 

trifugally  accelerated th in  layer radial chrom atography, the  e thylte trahydropyrid ine

(135) was isolated as an oil (294 mg, 5%), (CHC13) 3 477 and 3 407 (N-H), 

3 0 2 0 s (C -H ), 1 600 (C = C ), 1 510 cm "1; 8H (270 MHz; CDC13) 1.87 (2 H, m, 2 ’-H ),

2 .0 0  (1 H, dm , Js-.s-(gem) 16.5 Hz, 5” -H ), 2.27 (1 H, m, 5” -H ), 2.36 (3 H, s, C H 3), 

2.43 (1 H, m, 6 ” -H), 2.52 (1 H, dd, J  10 , J  6  Hz, l ’-H ), 2.62 (l H, dd, J  10 , J  6  Hz, 

l ’-H ), 2.72 (1 H, m, 2 ” -H ). 2.87 (1 H, ddd, J 6. 6. 12 , J 5. 6. 5, J 5. 6. 4 Hz, 6 ”-H ), 5.12- 

5.22 (2 H, br s, N H 2), 5.58 (1 H, dm , J cit 10 Hz, 3” -H ), 5.80 (1 H, dm , J cis 10 Hz,
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4” H), 6.09 (1 H, s, 5-H ); 8C (67.8 MHz; CDC13) 24.9 (t, 2’-C ), 27.0 (t, 5” -C ), 31.7 

(t, l ’-C ) , 43.0 (q, C H j) , 51.3 (t, 6 ”-C ), 61.3 (d, 2 ” -C ), 101.9 (d, 5 -C ), 125.4 (d, 

4” -C ), 129.2 (d, 3” -C ) , 152.5 (s, 4 -C ), 168.2 (s, 2 -C ); m / z  (isobutane Cl) 224 

( M  + l ,  1 0 0%), 223 (59), 22 2  (25), 109 (25), 96 (82) (Found: M +, 223.1136. C n H17N3S 

requires A/, 223.1142). The ethy lte trahydropyrid ine (123) was also isolated (706 mg, 

12%) w ith  spectral d a ta  identical to  those previously recorded.

Preparat ion of the fum ara te  (122) . -  Fum aric acid (184 mg, 1.6  mmol) in 

m ethanol (10  cm 3) was dripped into a  stirred solution of the  etheny lte trahydropyri

dine (120) (700 mg, 3.17 mmol) in m ethanol (10 cm 3) a t room tem peratu re . After 

V^h, the  solvent was rem oved under reduced pressure and the solid residue was crys

tallised from  m ethano l-e ther to  yield the fum arate  salt ( 12 2 ) in 2 crops, (1 st crop: 

700 mg, purity  95.3% by g.l.c. 2nd crop: 190 mg, purity  93% by g.l.c). These were 

com bined, dissolved in m ethanol, filtered through charcoal and the solvents again 

rem oved in vacuo to  afford a solid which was recrystallised from m ethanol-ether to  

give 4-12-(N  -me thy l -1,2,3,6-tetr ahy dr opyr id-2-yl) e thenyl j  -2- thiazolamine

fu m a r a te  (122)  (RF 0.41, solv. 5) as colourless crystals (700 mg, 79%, purity  96.9% 

by g.l.c.); m .p. 209°C (decomp.) (Found: C, 55.9; H, 6 . 1; N, 15.0; S, 11.6 . 

C 13H 17N30 2S requires C, 55.75; H, 6.2; N, 14.9; S, 11.3%.) Amax (EtO H ) 220 (e 30 416 

dm 3 m ol-1 cm -1), 268 nm  (12  355); vmT]X (KC1) 3 300s and 3 108vs (O -H , N-H), 

1 654, 1 590vs, 1 533vs, 1 452, 1 375vs, 1 127, 1 019, 968s, 709, 664, 562, 527, 440 

c m "1; 8 H [200 MHz; (CD3)2SOi 2 .1 0  (2 H, dm , J y t3‘{g€m) 18 Hz, 3” -H ), 2.25 (3 H, s, 

C H  3), 3.00 (1 H, br d, J &i&[gem) 18 Hz, 6 ” -H ), 3.15 (2 H, m, 2 ” -H , 6 ”-H ), 5.70 (2 H, 

convergent pair of d, J == 11 Hz, 4” -H , 5”-H ), 6 .1 2  (1 H, dd, J v2  14.3, J 22r ? 2’-

H), 6.33 (1 H, d, J V2 14.3 Hz, l ’-H ), 6.45 (1 H, s, 5-H ), 6.55 [l H, s, (~ 0 2C C H  = )2],

7.05 (3 H, br s, N+i / 3).
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7.6 Experimental to Chapter 6.

At tem pted  oxidat ive  coupling react ion .- The ethylisoxazole (83) (25 mg, 0.1 

m mol) and palladium  aceta te  (25 mg, 0.11 mmol) were dissolved in trifluoroacetic 

acid (10 cm 3) and heated under reflux for several hours. Analysis by t.l.c. during this 

tim e indicated a dim inution of starting  m aterial as well as base line decomposition 

products. A trace of iodine was added and heating was continued. The solvents were 

rem oved in vacuo , the residue taken up in d iethyl e ther and washed with sodium 

carbonate  solution, dried (M gS 04) and concentrated . The residue was chrom ato

graphed  on silica gel with ethyl aceta te -petro l (60-80°) (1:1) as e luan t to  yield 

recovered sta rting  m aterial (8 mg).

Preparat ion of the bromothiazolamine  ( l J ^ l ) -  The brom odienone (142) (41 

mg, 0.1 mmol) in dichlorom ethane (1 cm3) was added to the ethylthiazolam ine (125) 

(20 mg, 0.1 mmol) in dichlorom ethane (4 cm 3) a t -50°C. This was allowed to warm to 

-20°C over Vzh before sodium carbonate solution was added. The m ixture was 

ex trac ted  with ethyl acetate , the organic phase was washed with brine, dried 

( \ t g S 0 4), and concentrated  to  an oil. Analysis by t.l.c. indicated th a t a new com

pound had form ed and the  oil was chrom atographed on silica gel with 1% trie thy 

lam ine in ethyl acetate  as e luant to yield 5-bromo-4-f2- f2-pyridyl)ethyl]-2-  

th ia zo lamine  (141) as a gum (16 mg. 56%); (nujol) 3 240 and 3 080 (N -H ),

1 620, 1 580w, 1 520, 1 290w, 1 150w, 1 0 2 0 , 990, 760 cm "1; 8H (270 MHz; CDC13) 2.78 

(2 H, m, l ’-H ), 2.97 (2 H, m, 2’-H ), 7.20 (2 H, br s, NH 2), 7.20 (1 H, d, J y 4. 7.4 Hz, 

3” -H ), 7.20 (1 H, m, 5”-H ), 7.70 (1 H, td , J y4. 5. 7.4, J 4. 6. 1 Hz, 4” -H ), 8.49 (l H, 

dm , J 5. 6. 4.7 Hz, 6 ” -H ); m / z  (isobutane C l) 286 [ M + l  (81B r), 14%], 284 \M+1  

(79B r), 14], 204 ( M  -  Br, 100), 149 (31).
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At tem pted  e p o x ida t ion /  ring opening with bromine-sodium bromide  

solut ion  .-  The ethyl tetrahydropyrid ine (123) (380 mg, 1 mmol) was stirred in 

d iethyl e ther (10  cm 3) and through th is solution was bubbled hydrogen brom ide gas 

for a  few m inutes. The diethyl e ther was removed in  vacuo and the residue was dis

solved in w ater (3 cm 3). To the stirred solution of the  hydrobrom ide was added a 

solution of sodium brom ide (258 mg, 2.5 mmol) and brom ine (0.05 cm 3) in w ater (2 

cm 3) over Vzh. To the cooled (ice-m ethanol bath) reaction m ixture  was added a cold 

solution of 4M sodium  hydroxide solution (3 cm 3) dropwise over a  period of 5 

m inutes. The m ixture was stirred for V^h, extracted  w ith ethyl acetate , the organic 

phase was dried (M g S O j and the solvents removed in  vacuo.  C hrom atography [sil

ica gel w ith 1% am m onia in m ethanol-acetone-chloroform  (2:3:94) as eluant) 

resulted  in the recovery of a trace of sta rting  m aterial (6  mg).

At tem p ted  epoxidation of the ethyl te trahydropyridine (183)  wi th m - C P B A -  

The ethy lte trahydropyrid ine (133) (50 mg, 0.12 mmol) was dissolved in dry 

dichlorom ethane (10  cm 3) and to  th is was added m -C P B A  (23 mg, 0.13 mmol) with 

stirring. A fter lh , t.l.c. analysis indicated the possible presence of a  lower running 

com pound than sta rting  m aterial, and sodium  sulphite was added. The m ixture was 

basified (Na2C O s solution), ex tracted  w ith dichlorom ethane and the organic phase 

dried (M gS 04). A fter the  solvents were removed in vacuo,  the residue was chrom a

tographed  on silica gel w ith 1% am m onia in m ethanol-acetone-chloroform  (2:3:94) as 

e luan t. No products were isolated, however, and the experim ent was abandoned.

At tem pted  "Grewe -type cycl isat ion of the ethylte trahydropyridine ( 1 2 8 ) -  

The ethy lte trahydropyrid ine (123) (100  mg, 0.5 mmol) was heated under reflux in 

48% aqueous hydrobrom ic acid (5 cm 3) for several hours, the  reaction being m oni

tored by t.l.c. analysis. Once the sta rting  m aterial had disappeared, the  reaction
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m ixture was cooled, basified (Na2C 0 3, NaOH solution) and 2-propanol was added. 

The solvents were rem oved in vacuo azeotropically to yield a  residue containing the 

s ta rtin g  com pound (123) (20 mg) and decom position m aterial.

A t te m p te d  cyclisat ion of the ethy l th iazo lamine  (1S5)  with a Ag+-Pd2+ mixed  

metal  s y s t e m .23> 24 - Dry, crystalline silver tetrafluoroborate (66  mg, 0.34 mmol) and 

palladium  chloride (60 mg, 0.34 mmol) were stirred  together in dry acetonitrile (5 

cm 3) for lh  under nitrogen. This resulted in the  form ation of a  silver grey suspension 

of m etal salts in a  yellow solution. The ethylth iazolam ine (135) (36 mg, 0.16 mmol) 

in acetonitrile  (2 cm 3) was added via a syringe and this was stirred a t room tem pera

tu re  overnight. tThe solution turned  dark red on addition of the ethylthiazolam ine

(135)] E thanol (7 cm 3) was added, the m ixture was chilled (ice-m ethanol bath) and 

sodium  borohydride (10  mg) was added over x/2h. The m ixture was stirred  a t room 

tem pera tu re  for a  fu rth e r x/2h and then allowed to  warm  to room tem peratu re  over 

V2h. The solvents were removed in  vacuo , the residue was acidified (2 M HC1), 

basified (N a2C 0 3) and 2 - propanol was added. The solvents were rem oved in vacuo 

azeotropically and chrom atographed on silica gel w ith 1% am m onia in acetone- 

e thanol-ch loroform  (5:7:87) to yield a  trace of s ta rting  m aterial (5 mg) and no other 

discernible products.

Preparat ion  of the thiazolacetamide ( 1 6 1 ) -  2 -T hiazolacetam ide (158) (426 

mg, 3 m m ol), styrene (154) (0.34 cm 3, 3 m m ol), palladium  acetate (112 mg, 0.5 

mmol) and copper II acetate  (1.2 g, 6  mmol) were dissolved in acetic acid (20 cm3) 

and the  m ixture was heated under reflux for 8 h. A fter th is tim e the reaction m ixture 

was allowed to  cool, the acetic acid was rem oved in vacuo and w ater (15 cm 3), ethyl 

ace ta te  (15 cm 3), ethanolam ine (l cm 3) and sodium  carbonate were added. The 

aqueous layer was ex tracted  w ith ethyl aceta te , dried (M gS 04) and concentrated.
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The residue was chrom atographed on silica gel w ith ethyl ace ta te -petro l (60-80°C) as 

e luan t to  yield 5-( l -pheny le theny l) -2- th iazo lace tamide  (161) (190 mg, 30%), m.p. 

174-176°C; Anirix (E tO H ) 204 (e 12 470 dm 3 mol” 1 c m '1), 248 (7 540), 297 nm (8 640); 

i/mnx (CHC13) 2 410, 2 180, 2 930, 2 850, 1 690 (amide 1), 1 550br, 1 370, 1 290, 

1 170w, 1 0 0 0 , 980, 900, 870 cm "1; 8H (270 MHz; CDC13) 2.26 (3 H, s, N H C O C //3), 

5.30 (l H, s, C H 2), 5.54 (l H, s, C / / 2), 7.18 (l H, s, N H  C O C H 3), 7.40 (6  H, m, 4-H , 

Ph); 8 C (67.8 MHz; CDC13) 23.2 (q, N H C O C H 3), 115.0 (t, C  H2), 126.5 (s, 5 -C ), 

126.7 (d, 4” -C ) , 128.1 (d, 2 ”- C 2), 128.4 (d, 3” -C 2), 134.8 (d, 4 -C ), 140.1 (s, 1”-C ),

140.6 (s, l ’-C ), 159.2 (s, 2-C ) , 168.0 (s, C OM e); m / z  (low eV E l) 244 (M +, 100%), 

202 (39), 149 (21) (Found: M +, 244.067. C 13H 12N2OS requires M ,  244.0669).

Preparat ion of the amide  (162) . -  The ethylthiazolam ine (135) (60 mg, 0.27 mmol) 

was dissolved in dry acetonitrile (5 cm 3) and to th is was added acetic anhydride (0.03 

cm 3, 0.3 mmol). The m ixture was heated under reflux for V2h, and a fte r th is tim e 

t.l.c. analysis indicated alm ost total conversion of starting  m aterial to  the  acylated 

product. A fu rth e r equivalent of acetic anhydride was added, and a fte r a  fu rther ¥2!) 

of heating the m ixture was allowed to cool, and triethylam ine (1 cm 3) was added. 

The solvents were rem oved in vacuo and the residue was chrom atographed on silica 

gel w ith 1% am m onia in acetone-ethanol-chloroform  (5:7:87) to  yield ./-/2-fN * 

methy l- l ,2 ,5 ,6- te trahydropyrid-2-yl )ethy l]-2- thiazolacetamide  (162) (Rp 0.5, solv. 

5) as a  gum  (63 mg, 8 8 %); vmax (CHC13) 3 407 (N -H ), 2 920 (C -H ), 2 795, 1 676s, 

1 540br, 1 365, 1 280s, 1 130, 1 0 0 0  cm "1; SH (270 MHz; CDC13) 1.87 (2 H, m, 2 ’-H ),

2.05 (1 H, m, 5”-H ), 2.23 (3 H, s, N H C O C tf 3), 2.25 (1 H, m , 5” -H ), 2.32 (3 H, s, 

N C / / 3), 2.40 (1 H, m, 6 ” -H ), 2.62 (1 H, m, l ’-H ), 2.73 (2 H, m, 2 ” -H , l ’-H ), 2.85 (1 

H, ddd , J 6. 6. 11.5, J 5. 6. 6 , J 5. 6. 3 Hz, 6 ” -H ), 5.54 (1 H, dm , J y  r  10.5 Hz, 3” -H ), 5.80 

(1 H, m, 4” -H ), 6.50 (1 H, s, 5-H ), 7.20 (1 H, br s, NT/ CO M e); 8C (67.8 MHz; 

CDC13) 23.1 (q, C O C H 3), 25.0 (t, 2 ’-C ) , 26.6 (t, 5” -C ), 31.9 (t, l ’-C ), 43.1 (q,
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N C H 3), 51.4 (t, 6 ” -C ), 61.2 (d, 2 ” -C ), 107.3 (d, 5-C ), 125.7 (d, 4” -C ) , 129.1 (d,

3” -C ), 151.6 (s, 4 -C ), 158.2 (s, 2-C ), 167.9 (s, N H C O M e); m / z  (low eV El) 265

(A/+, 52%), 250 (13), 110  (18), 96 ( 100) (Found: M +, 265.123. C 13H 19N3OS requires

M ,  265.127).
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A P P E N D IC E S .

A . l  Biological Screening.

An exam ination of the s tru c tu re  of the e theny lte trahydropyrid ine (120, fig. a .l)  

reveals th a t it is sim ilar to  known dopam inergically active com pounds (see section 

1.4). Thus one may assum e th a t  w ithin the receptor site the tetrahydropyrid ine An

a tom , m ight correspond to  the  prim ary am ino function of the  natural substra te  DA 

(3), w hilst the 2-t.hiazolamine fragm ent could correlate with the hydroxyphenyl 

m oiety of DA. In fig. a.2 the  s truc tu res of ( 120) and DA (3), and also ( 120) and mol

indone (30) are superim posed to  indicate possible correlations.

Me

OH

HO

Me

(120) (9)

O
\

i
/

N

I
H

(30) (29) 

29a. R=Me
Fig a.l.

T he etheny lte trahydropyrid ine  ( 120) was subm itted  for biological testing  as the 

fum arate  salt ( 122 , see schem e 5.6). The following screens were employed:

1. R abb it Ear A rtery (R E A ).-T h is  is an isolated tissue test whereby a  DA agonist
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will relax tissue con tracted  by electrical stim ulus.

2 . Mouse A m bulation (LM A M ).-A n in  vivo  te s t whereby DA agonists cause sedation 

in mice.

3. A -P ropy l apom orphine binding assay (3H -N P A ).-  This in vitro assay measures 

the ability  of a  dopam ine agonist to  displace 3H -N P A  from  DA receptors isolated 

from rat brain stria ta l m em brane hom ogenates.

4. Circling R at Model (C R M ).-A  particularly  sensitive in vivo test in which a  DA 

agonist will cause ra ts  to  ro ta te  after p re trea tm en t w ith the neurotoxin 6 -hydroxy 

dopam ine to  one side of the brain.
OH

NH2

OH

OH

(3) (3 and 120)

NH2
Me

ii

H
(30 and 120) 

Fig. a.2.

The results of the  tests are presented in table a .l.  The results for apom orphine 

(9) and the 2 -thiazolam ine (29a, fig. a .l)  are also included for com parison. They 

indicate th a t there is no activ ity  in the N PA  and REA tests, bu t some activ ity  in the 

LM AM  test which, however, m ay not be m ediated  through dopam inergic receptors. 

There is also some weak activ ity  in the circling ra t model.

F u rth e r investigation of the biological ac tiv ity  of th is and other com pounds is
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w orthw hile, since there  is a  strong possibility th a t they m ay show in  vivo  potency by 

some o ther m echanism , such as 5 HT antagonism . For exam ple, there  is a  clear 

s truc tu ra l sim ilarity between the e theny lte trahydropyrid ine  ( 120) and the  DA a n ta 

gonist m olindone (30,figs. a .l  and a .2 ). Thus, the DA antagonistic properties of our 

com pound cannot be ruled out. Also, there is a  sim ilarity  between DA and the fully 

reduced com pounds (e.g. 123 and 135, fig. a.3) and these m ay well prove to  be active 

(see superim positions in fig. a.3).

R e s u l ts  o f  B io lo g ic a l S c re e n in g .

Cpd. NPA

(pKi)

LM AM  E D 50

(m g/kg)

REA IC 50 

OuM)

CRM  Threshold Dose 

(m g/kg)

(9) 8.1 0.1 1.1 0 .2

(29a) 7.2 0.5 4.6 0.1

( 1 2 2 ) <5.2 -83%  @ 22 m g/kg. > 1 0 0 = 2 2

Table a.l .

OHOH NH
OHOH

HoN

Me Me

(3) (123,135 and 3) (123 and 135)

Fig. a.3.
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A.2 Structures of Compounds Referred to in Discussion and Experimental.

N" ^  'O H  

(56)

OAc

(57)

OH

(58)

N V
o

(62)

(68)

OH

(65)

(50)

O - N
(76)

O - N

O - N O - N

COoEt

O - N
(85)

ONHNH

O - N(87)

CON

O - N
(88) O - N
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O

(105)

(113)

cr
NH(114)

(41)

Me
NH2

(120)

Me
NH

Me
NH(119)

Me
NH

H+

(122)

Me
NHCOMe

(123) (124)
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(125) (129)

Ph NH2

(130) (131)

Ph

(133)(132)

Me
(134)

(141)

Me NHCOMe

Me
(135)

NHCOMe

A.
S '  N

( 161)

( 162)
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A.3 Literature n.m.r. Data.

5h (CDCIg) c 7.64

d 7.25

a ^  J  e 8.60 
N

Jab 4-6 Jae 0-0.6
Jac 6-2.5 7-9
Jad  Jbd 6.5-2.0

C 9.04 

b ^ \ d 8.50

JJe  9.23
N+
I

H
Jab 6.0 Ja e 1.0 
Jac 1 Jbc 8 -6
Jad 6-8 Jw 1.4

135.7 8q  Base line values.

123.6

^  S  149.8 
N

148.4

N+
I

H

129.0

142.5

8H (CCI4) 

. 0
N

/

8.19

8.44

6.32

5C (CDCI3) 

.0 .

N
/

149.1

157.9

103.7

5H

8.88 7.41 

7.98

5H 5C

2.47
Me

152.7 118.6

5H 5h
Me 2.05

5.45

2.95

2.20

3.22
N ’h

Me 1.7

5C

124.3

125.0 26.2

54.2 51.7
N

file 45.9
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A .4 Tables of n.m .r. Spectral Data: 2-alkylpyridines.

n.m .r. Spectral D ata  for 2 -alkylpyrid ines (SH).

Cpd. 6 ’ 5’ 4’ 3’ 1 2 3 4 O ther.

(56) 8.49 7.16 7.63 7.18 2.93

3.03

4.59 5.95 5.11

5.31

5.20 ( OH)

(57) 8.50 7.15 7.60 7.15 3.10 5.65 5.65 5.20 2 .0  (Me)

(58) 8.46 7.12 7.59 7.24 3.05 5.87 4.90

5.14

7.10-7.30 (OH)

(62) 8.60 7.26 7.70 7.37 5.33 6.24 5.90

6.52

(65) 8.60 7.40 7.40 7.40 3.30 2.30 1.2 - 1.5 (OH)

(70) 8.50 7.17 7.64 7.14 2.85

2.96

1.50 0.93 1.14 (Me) 

5.5 (OH)

(6 8 ) 8.45 7.30 7.65 7.30 3.20 4.90 2.40 5.7 (OH)

(48) 8.56 7.18 7.64 7.23 7.06 6.73 3.15

(50) 8.54 7.08 7.58 7.25 7.25 6.55 6.55 5.27

5.45

(105) 8.67 7.28 7.75 7.50 2.40 7.17 7.54

(109) 8.55 7.28 7.76 7.56 2 .1 0 6 .8 8

(113) 8 .6 8 7.32 7.76 7.48 4.35 7.43 7.70
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13C n.m.r. Spectral Data for 2-alkylpyridines (5C).

Cpd. 6 ’ 5’ 4’ 3’ 2’ 1 2 3 4 Other.

(56) 148.5 121.5 136.7 123.7 159.5 43.2 71.9 140.1 114.6

(58) 148.1 121.3 136.2 125.0 158.6 47.3 75.5 143.0 113.3

(70) 148.3 121.3 136.7 124.4 160.0 46.4 72.8 34.7 8.5 26.3 (2-Me)

(62) 149.4 121.7 136.7 122.8 155.6 66.8 165.7 127.9 131.4

(48) 149.7 122.3 136.6 123.2 153.6 141.8 111.4 82.5 81.1

(113) 150.2 124.7 136.8 125.1 152.3 47.7 191.2 125.2 143.2
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A .5 Tables of n.m .r. Spectral Data: Isoxazoles/Isoxazolines.

!H n.m .r. Spectral D ata  for isoxazoles (2>h)-

Cpd. 6 ” 5” 4” 3” 2 ’ 1’ 4 O ther.

(76) 8.65 7.25 7.72 7.40 7.63 7.42 6.65 7.48, 7.85 (Ph)

(45) 8.65 7.25 7.72 7.39 7.60 7.41 6.74 1.44 (Me)

4.46 ( C 0 2C H 2Ue)

(87) 8.65 7.38 7.87 7.67 7.67 7.54

7.57

7.07

7.15

4.69 (NH 2)

10.11  (C O N tfN H 2)

(89) 8.64 7.23 7.70 7.35 7.50 7.33 6 .8 6 7.22-7.24 (NH)  

1.54 [C(Me)3]

(83) 8.56 7.16 7.60 7.13 3.32 3.20 6.40 1.41 (Me)

4.42 (C 0 2C tf 2Me)

n.m .r. Spectral D ata  for isoxazolines (8 H).

Cpd. 6 ” 5” 4” 3V 2’ 1’ 5 4 O ther.

(49) 8.56 7.18 7.66 7.29 6.80 6.73 5.46 3.17

3.46

1.36 (Me)

4.35 ( C 0 2C / / 2\ le )

(85) 8.53 7.16 7.62 7.20 2.90 2.15 4.85 2.91

3.28

1.36 (Me)

4.34 ( C 0 2C H  2Me)
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13C n.m.r. Spectral Data for isoxazoles/isoxazolines (8C).

Cpd. 6 ” 5” 4” 3” 2” 2’ 1’ 5 4 3 Other.

(45) 149.9 123.6 136.8 123.9 153.0 134.4 115.8 156.7 103.1 159.8 14.1 (Me)

62.1 (C 0 2C H 2Me) 

169.6 (C= 0 )

(87) 150.0 124.0 137.3 124.1 153.0 134.5 115.9 157.8 102.6 162.7 168.8 (C = 0 )

(89) 149.9 123.3 136.8 123.7 153.5 133.4 116.9 151.8 96.5 158.8 28.2 [C(C H3)3]

81.9 [C (Me)3]

167.9 (C = 0 )

(83) 149.3 121.6 136.5 122.8 160.0 35.2 26.0 156.2 101.7 158.8 14.0 (Me)

61.9 (C 0 2C H 2Me) 

174.4 (C ^O )

(49) 149.3 122.3 136.6 122.7 153.7 132.4 129.9 83.3 39.1 151.0 13.9 (Me)

61.9 (CO2C H2Me) 

160.2 (£7=0)

(85) 149.1 121.3 136.5 122.9 160.2 34.6 33.4 83.1 38.3 151.3 13.9 (Me)

61.8 (C 0 2C H2Me) 

160.6 (C = 0 )
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A .6 Tables of n.m .r. Spectral Data: Thiazoles.

JH n.m .r. Spectral D ata  for thiazoles (SH).

Cpd. 6 ” 5” 4” 3” 2 ’ 1’ 5 O ther.

(41) 8.53 7.21 7.74 7.47 7.37 7.10 6.77 7.11 (N H 2)

(125) 8.54 7.10 7.57 7.13 3.10 2.95 6.04 5.50 (NH 2)

(129) 8.55 7.11 7.55 7.10 3.20 3.20 6.85 2 .2 0  (pyrrole M e) 

5.85 (pyrrole C H)

(131) 8.55 7.11 7.57 7.16 3.27 3.27 6.90 7.82 (y-H ) 

7.98 (/3-H)

(141) 8.49 7.20 7.69 7.20 2.97 2.78 7.20 (N H 2)

n m.r. Spectral D ata  for qua te rnary  salts (6H).

Cpd. 6 ” 5” 4” 3” r 1* 5 O ther.

(114) 8 .6 6 7.62 8.23 8 .02 7.70 7.33 7.10 7.80-8.60 (NH 2)

(119) 8.93 7.86 8.45 8.45 7.71 7.25 7.19 4.28 (N+M e ) 

7.30-7.50 (NH 2)

(132) 9.25 8 .10 8.62 8 .1 0 3.45 3.03 6.82 6.08 ( C t f 2Ph) 

7.31-7.55 (y ,y ’-H , Ph) 

7.85, 7.98 (j3,/3’-H )

(134) 9.03 7.99 8.51 8.08 3.55 3.32 7.55 4.35 (N+M e ) 

7.99 (0 ,y-H )
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13C n .m .r . Spectral D ata for thiazoles (Sc)-

C pd. 6 ” 5” 4” 3” 2 ” 2 ’ 1’ 5 4 2 O ther.

(41) 149.4 122.3 136.9 122.4 155.4 128.2 126.1 108.8 149.6 168.3

(125) 149.2 121.0 136.2 122.8 161.1 37.3 31.5 102.5 152.0 167.7

(131) 149.0 121.0 136.2 122.9 160.6 37.1 31.3 112.8 150.9 153.6 124.1 (j3-C) 

131.0 (a -C ) 

134.9 (y -C ) 

164.6 ( (7 = 0 )

(119) 144.1 124.5 145.9 124.6 148.1 135.5 116.7 115.6 152.5 168.6 45.7 (A/e)

(134) 145.0 125.4 146.5 128.2 157.6 31.2 28.3 115.4 150.6 151.5 45.6 (Me)

124.0 (0 -C )

131.0 (a-C)  

135.4 (y -C )

165.0 ( (7 = 0 )
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13C N.m .r. Spectra] D ata  for tetrahydropyrid ines (8C).

C pd. 6 ” 5” 4” 3” 2 ” 2 ’ 1’ 5 4 2 O ther.

( 1 2 0 ) 53.0 125.0 124.5 32.3 62.0 131.1 123.7 104.9 149.0 167.8 42.9 (NA/e)

(123) 53.1 124.6 124.5 28.8 57.5 28.1 29.6 101.7 152.7 168.1 40.5 (NA/e)

(124) 52.0 124.1 123.4 27.7 57.0 27.5 29.3 107.3 150.3 158.8 22 .8  (COMe)

39.3 (NA/e)

168.3 ((7 = 0 )

(130) 47.9 125.0 124.3 28.5 55.2 27.6 28.7 102.2 153.3 167.3 56.2 (C H 2Ph)

126.7, 128.2,

128.8, 139.8 (Ph)

(135) 51.3 27.0 125.4 129.2 61.3 24.9 31.7 101.9 152.5 168.2 43.0 (NMe)
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A .8 T a b le  o f  u .v . S p e c t r a l  D a ta .

U .v . S p e c t r a l  D a ta .

Cpd. (nm).

[e (dm 3 m ol-1 cm -1)].

(45) 311 

(24 670)

273sh 

(10 740)

209 

(7 970)

(89) 325 

(11 960)

311 

(25 930)

269 

(20 230)

264sh 

(19 610)

241 

(15 830)

204 

(43 050)

(76) 325 

(14 200)

312 

(33 380)

277sh 

(15 840)

244 

(16 115)

200 

(35 400)

(41) 329 

(16 180)

257

(17440)

206 

(8 830)

(114) 328 

(20 830)

257 

(23 900)

205 

(19 470)

(119) 390 

(6 560)

285sh 

(6 900)

268 

(8 660)

207 

(22 610)

(42) 315 

(21 000)

300sh 

(18 000)

259 

(18 000)

230sh 

(9 000)

(161) 297 

(8 640)

248 

(7 540)

204 

(12 470)

(90) 300 

(16 400)

228 

(29 000)


