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EXPLANATORY NOTE' ' ■"]"
This thesis is divided into three sections, Parts 1, 2 and 3.

Esbh part is divided into a number of principal sections, prefixed 

by capital letters, and these sections are further divided into 

sub-sections prefixed hy Roman numerals or small letters.

Part lA deals with the relationship between azulene, indolizine 

and pyrrolo[2,1-b]thiazole, while part IB consists of a review of the 

preparation and properties of thiones and thials.

Part 2A-C is a discussion of results achieved in the course of 

investigations into the reactivity of indolizinesand pyrrolo[2,1-^]- 
thiazolestowards electrophilic reagents. In Part 2D are described 

synthetic routes to some stable heterocyclic thiocarbonyl compounds, 

together with a preliminary investigation into the physical and 

spectral properties of these compounds.

Part 3 is devoted entirely to a description of experimental 

details and is a complement to Part 2,

Where reference is made to the chemical literature, this is 

indicated by a number in superscript, a key to which can be found 

at the end of Part 3. The structural formulae which have been 

reproduced for illustrative purposes have been assigned Roman numerals, 

which correspond to the numbers which have been assigned to the 

relevant compounds in the text. The structure keys to Parts 1 and 

2 are distinct. The structure key to Part 3 is the same as that 

for Part 2,
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1.
A. Azulene, Indolizine and Pyrrolo[2,l~blthiazole.

Azulene (I) is an unusual hydrocarbon in that its properties 

include reactivity towards both electrophilic and nucleophilic 

reagents, leading to permanent substitution or the formation of 

stable transition-type intermediates. The fact that substitution 

reactions occur, indicates that azulene has aromatic reactivity, 

i.e., the molecule in the ground-state is of sufficiently low 

energy that the azulene ^-electron system is regenerated from the 

transition-state. The relative ease of substitution suggests that 

the transition-type intermediates are also of low energy. Conseq

uently the H-electron localisation energy for these processes is 

likely to be low.

The aromatic character of azulene is shown by its pĥ 'sical 

properties. Thus the resonance energy of this has been assigned 

the value ca. 30 k.cal./mole,^'^ This value, together with the 

U.V. spectrum of azulene,^ indicate a state of bonding similar to 

that of its isomer naphthalene. The n.m.r. spectrum^ of azulene 

shows signals in the aromatic region only, indicating a sizeable
3ring-current, while x-ray crystallographic and electron diffraction 

4studies show that the molecule is planar and that, with the 

exception of the bridgéing-bond (1,485), all bonds are approximately 

of equal length (l.38-1,4l5), This suggests a large degree of 

peripheral TC-electron delocalisation, with little interaction across 

the bridg^ing-bond.

These factors, however, do not account for the duality of



a.

behaviour of azulene with respect to electrophilic and nucleophilic

attack. An important feature in this connection is the observed
5 6 7dipole moment (ca, l.OD) * * of azulene, which indicates that the

molecule is polarised to some extent. Dipole moment measurements

on 2-substituted azulenes such as 2-halo- and 2-cyeinoazulenes^ have
shov/n that this polarisation manifests itself in a flow of electrons

from the 7-membered to the 5-membered ring.

These results are supported by the theoretical charge densities 
9—14of azulene which indicate that the negative charge resides on

the 5-membered ring and that the electron density in highest at 

positions 1 and 3. The position of lowest electron density is 

position 4 in the 7-membered ring.

Theoretical charge densities can also give some insight into the 

expected direction of electrophilic and nucleophilic attack. It 

is reasonable to suppose that, if the 5-membered ring bears a slight 

negative charge in the ground-state, then it will be the site of 

electrophilic attack. This is in fact correct, but only because 

the ground-state polarisation, as might be expected, is in the same 

direction as the induced polarisation on approach of the electrophile, 

Similar remarks apply to nucleophilic substitution in the 7-membered 

ring. Calculated charge densities may indicate a trend, but give 

no real information concerning the transition-state for substitution 

reactions. For this væ must turn to the calculated electrophilic 

and nucleophilic localisation energies.
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3.

The theoretical electrophilic localisation energy for azulene 

is lowest atposition 1 or 3, i.e., electrophilic attack is predicted 

to occur at these positions. Intermediates of type (IV) can be

considered for this process. In these the positive charge may

be delocalised in the 7-membered ring, thus forming a Tï-electron 

sextet system which will be expected to confer stability on the 

ion by analogy with the known stability of the tropyHum cation 

(II). The calculated nucleophilic localisation energy is lowest 

for position 4 or 8, with position 6 having a value only slightly 
higher. Hence nucleophilic attack is predicted to occur pre

ferentially at position 4 (8) and thereafter at position 6,
Transition-type intermediates for this type of reaction are anions 

of type (V) and (VI) which have the negative charge delocalised 

in the 5-membered ring to form a 67ü-electron system similar to 

that of the cyclopentadienide anion (III) and of similar stability.

It is thus the potential formation of low energy charged 

intermediates containing stable E-electron sextet systems, which 

is ultimately the governing factor in determining the properties 

of azulenes. The ground-state polarisation of the molecule, 

however, gives an indication of the general trend of these 

properties. The present investigations are part of a study of 

heterocyclic systems which possess a similar ability to form 

low-energy charged intermediates and a similar ground-state polar

isation viz, indolizine (VII) and pyrrolo[2,1-b]thiazole (VIII).
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4,
17 18 3-9The syntheses of the azulene ' and indolizine" systems

have been thoroughly reviewed, but the synthesis of simple

derivatives of pyrrolo[2,1-b]thiazole has only recently been
r e p o r t e d , T h e  available synthetic routes to pyrrolo[2,l-b]thiazoles

will therefore be discussed in outline.

Synthesis of Pyrx'olo[2,1-b]thiazoles

(a) Chichibabin Synthesis

This synthesis is a modification of a successful synthesis
21of indolizine derivatives. In the latter case a 2-alhylpyridine

(IX) was quaternised by reaction with an (X-halocarbonyl compound 

and the resultant salt (X) cyclised by aqueous sodium carbonate 

to the required indolizine (XI), The use of 2,4-dimethylthiazole 

and phenacyl bromide in a similar procedure resulted in the successful 

synthesis^^^ of 3-methyl-6-phenylpyrrolo[2,1-b]thiazole. This

synthesis of alkyl-substituted 6-arylpyrrolo[2,1-b]thiazoles has 
been more recently e x t e n d e d . ^  8-Arylpyrrolo[2,1-b]thiazoles

carrying benzoylamino and hydroxylsubstituents at position 7 have 

also been synthesised in this way,^^®

Pyrrolo[2,1-b]thiazoles carrying a methyl group at position 6 
have been synthesised by use of 2-alkylthiazoles and alkyl a-halocarbonyl 
compounds such as bromoacetone.^^^ The cyclisation step, however, 

could in general only be effected by a mixture of sodium acetate and 

acetic anhydride. The use of this cyclisation medium also produces 

acétylation in the pyrrole ring, so that the synthesis requires a



further de-acetylation step. The synthesis of 6-methylpyrrolo-
[2,1-^]thiazole (XV) by this means, involved the cyclisation of the
bromide salt (XII), This produced a mixture of monoacetylated

(XIII)(30%) and diacetylated (XIV) (70%) products. The

composition of this mixture was found to be altered by cyclisation

of the perchlorate salt corresponding to (XII), whereupon a greater

proportion of diacetylated product was obtained, De-acetylation of

the crude mixture of acetylated products could be effected by boiling

mineral acid, the yield of 6-methylpyrrolo[2,l-bjthiaaole (XV) being

66%, The failure of the attempted cyclisation by aqueous base was 
22ascribed to its deleterious effect on the postulated intermediate 

betaine (XVI). Sodium acetate was regarded as a sufficiently weak 

base in acetic anhydride that side reactions through the betaine 

structure (XVI) would not compete with the cyclisation reaction.

Only derivatives of pyrrolo[2,1-b]thiazole which have alkyl 
or aryl substituents at position 6 can be prepared in this manner. 
Nevertheless a simple derivative, i.e., 6-methylpyrrolo[2,1-b]thiazole 
(XV), a most useful compound in the study of the properties of the 

pyrrolo[2,1-b]thiazole system (see Section 2C), can be prepared in 

good yield.
22(b) From 2-n propylthiazoles

This projected synthesis involved the formation of the pyrrole 

ring of the pyrrolo[2,1-b]thiazole system by intramolecular cyclisation 
of a suitable 3-carbon side-chain at the 2-position of a thiazole.
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6.
23The first approach was similar to that described by Boeke.lheide

for the synthesis of bengofe] indolizine. By analogy with this

work it was envisaged that the reduction of 2~benzothiazolyl pyruvate
(XVII) would afford the diol (XVIII) which, on conversion to the

corresponding dibromide (XIX), should be cyclised by base to the

required product (XX). The attempt failed in that the diol (XVIII)

could not be obtained*

A second approach involved the cyclisation of a 2-thiazolylvinyl

carbinol (e.g. XXI) by some mild electrophile according to the

mechanism (XXI)-(XXIII). The carbinols were obtained from the
24reaction of 2-thiazolyllithium or 2~thiazolylmagnesium bromide 

with a,P“unsaturated aldehydes and ketones. When acrolein was 

used, however, a low yield of carbinol was obtained and this was 

shown to be a mixture of the desired carbinol (XXI) and the cis 

and trans forms of the isomeric carbinol (XXIV). The reactions 

of methyl\vinyl ketone and crotonaldehyde similarly gave mixtures 

of carbinols in low yield. Attempts to eyelise these mixtures 

yielded only traces of pyrrolo[2,1-b]thiazoles.
Pyrrolof 2, l~b]thiazolei!ç was isolated in low yield by a third 

route, whereby the reaction of epichlorhydrin (XXV) with 

2-thiazolyllithium afforded a thermally unstable product (possibly 
XXVI) which could not be purified. Cyclisation of this crude 

material by refluxing in t-butanol gave the required pyrrolo[2,l~b]- 
thiazole in 1.9% yield.



(c) Reaction of Thiazoles with Dimethyl Acetylenedicarboxylate

Thiazoles unsubstituted at position 2 react with dimethyl 

acetylenedicarboxylate in methanol to form pyrrolo[2,1-b]thiazoles 
In this manner thiazole gave trimethyl pyrrolo[2,l-b]thiazole- 

5,0,7-tricarboxylate in 14% yield. Partial de-carboxylation 

of the latter with acid afforded pyrrolo[2,1-b]thiazole-6-carboxylic 
acid which could not be further decarboxylated. Estérification 

afforded methyl pyrrolo[2,l-bJthiazole-0-carboxylate which was 
reduced by lithium aluminium hydride and aluminium chloride in 

ethereal solution to 6-methylpyrrolo[2,1-b]thiazole (XV),

Other attempted syntheses, including a modification of the 

Scholtz indolizine synthesis^^ and a method involving the 

construction of a thiazole ring to a pyrrole nucleus, failet??

Properties of Indolizines and Pyrrolo[2,1-b]thiazoles with 
Reference to those of Azulene

In both indolizine and pyrrolo[2,1-b]thiazole, electrophilic 
attack, if occurring in the pyrrole ring, could produce cations



having structures of type (XXVII) and (XXVIII), which are 

analogous to those such as the cation (IV) in the azulene series.

In these cations stabilisation would occur from the delocalisation 

of the positive charge to form pyridinium or thiazolium systems 

which have stable ^-electron sextets, in an analogous manner to 

the way in which the stable tropylium ion structure contributes 

to the stability of the ion (IV). On the basis of this reasoning, 

one might expect that electrophilic attack in the 5-membered ring would 

be energetically favoured.

Theoretical calculations have been carried out on indolizine

and support the inferences discussed above. Calculated mobile
26bond orders and electron densities, show that, as In the case of 

azulene, the bridg^ing-bond has the lowest order, indicating a high 

aegree of peripheral 7t-electron delocalisation. The theoretical 

^-electron densities place a net negative charge on the 5-membered 

ring, the densities being highest at positions 1 and 3. Thus 

electrophilic attack is likely to occur in the pyrrole ring, 

probably at positions 1'and 3, On this basis, however, nucleophilic 

attack is not predicted to be favoured, in view of the fact that 

none of the sites in the pyridine ring has a particularly low electron 

density,
27A calculation of the frontier electron densities for 

electrophilic substitution has also been made for indolizine.

These predictions agree qualitatively with those cited above as to



9.

28the greater reactivity of positions 1 and 3, Boekelheide has

calculated the atom localisation energies for electrophilic,

radical and nucleophilic attack of indolizine, in addition to the

corresponding bond localisation energies. Taken together these

values predict electrophilic attack at positions 1 and 3, position 1
26being favoured in this case, though its calculated electron density 

is somewhat lower than that at position 3, Nucleophilic and 

radical attack should occur at positions 5 and 8 in the six-membered 
ring.

No such calculations have been carried out for pyrrolo[2,1-b]thiazole,
The observed reactivity of indolizines - and, as will be shown

in Section 2, pyrrolo[2,1-b]thiazoles - towards eleotrophiles closely
parallels that of azulene and largely confirms the predictions cited

above. The protonation studies described in Sections 2A and 2B(i),
29together with those previously reported, indicate that indolizines

are protonated preferentially at position 3 and pyrrolo[2,1-b]thiazoles

at position 5, to form cations of the type (XXIX) and (XXX).

Stable perchlorate salts of these structures can be isolated,

Azulene has similar properties, the basicity of this hydrocarbon

being one of its characteristic and more unusual properties. In
30 31this case also stable crystalline salts have been Isolated, '

Theoretical predictions^*^^ that protonation occurs at position 1

(e.g. structure XXXI) have been confirmed by nuclear magnetic
 ̂ 34,35resonance studies. '
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37 r n 22Acylation of indolizines and pyrrolo[2, l-bJthiaJBoles

(See Section 2C) occurs readily with acid anhydrides, in the

presence or in the absence of the sodium salt of the corresponding

acid, to form 3-acyl- (XXXII) and 5-acyl- (XXXIII) derivatives

respectively. Under more vigorous conditions l,3-diacetyl-2-
07

methyl - (XXXIV), l,3-diacetyl-2-phenylindolizine (XXXV) and

5,7-diacetyl-G-methylpyrrolo[2,l-b]thiazole (XXXVI)^^ have been

prepared. The acylation of azulenes with acid anhydrides in the

absence of a Lewis acid catalyst has not been reported, but azulene

reacts with acetic anhydride in the presence of aluminium chloride

or stannic chloride to afford a mixture of the 1-acetyl- (XXXVII)

and 1,3-diacetyl-* (XXXVIII) derivatives.^^ Monobenzoylindolizines^^'^^

have been prepared by the reaction of an indolizine with benzoyl

chloride without a catalyst. This behaviour is similar to that 
48of azulene. In contrast acetyl bromide and acetyl chloride 

require the presence of a catalyst for reaction with 2-phenyl- 
indolizine.^^

Formylation can be achieved in all cases by modified Vilsmeier 

procedures^ 46,22 7.̂  ̂structures of the cations of the Vilsmeier

intermediate salts of azulenes (XXIX),indolizines (XL) and 

pyrrolo[2,l-b]thiazoles (XLI) show a close similarity. The
36 3 9similar ethoxymethylene salts (XLII) and (XLIII) have been prepared.

In the pyrrolo[2,l-b]thiazole series, however, such salts are only
22stable in the case of phenyl-substituted derivatives (e.g. XLIV),
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Nitration of 2-mothylindoliKin© with mixed acid is'" uhosual in that 

it yields predominantly the l-nitro~dorivative,( X L V ) T h e  

nitration of azulene ,either with cupric nitrate in acetic 

anhydride^^ or with tetranitromethane in pyridine^^'^^ affords 

1-nitro- (XLVI) and 1,3-dinitroazulene (XliVfl), No simple 

nitro derivative of pyrrolo[2,l-b]thiazole has so far been 
prepared.

In recent years one of the largest developments in azulene 

chemistry has been the discovery of the large number of varied 

condensation reactions, involving initial electrophilic attack, 

which the system will undergo with arcanatic and aliphatic aldehydes 

and with orthoesters in the presence of strong acids. Prom the 

aldehydes the products are monomethine dyestuffs such as the 

salt (XLVIII), and from triethylorthoformate ethoxymethylene salts 

such as the salt (XLII).
36Similar properties have been discovered for indolizines 

and many dyestuffs of type (XLIX) and ethoxymethylene salts of 

type (XLIII) have been prepared. So far, this type of reaction 

with pyrrolo[2,1-b]thiazoles has not been thoroughly investigated.
It is clear from the foregoing summary that the properties 

of indolizines and pyrrolo[2,1-b]thiazoles, with regard to reaction 
with electrophiles, can be regarded as azulenic in type. What is 

more obscure, however, is how far the reactivity of these hetero

cyclic systems towards nucleophiles can be similarly regarded.
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Nucleophilic attack on aauXene occurs preferentially at

position 4 or 8, or if these positions are already occupied
at position 6, With alkali metal alkyls azulenes give

alkylazulenlde ions Reaction of these with water

affords dihydroazulenes (LI) which can be converted to 4-alkylazulenes

(HI) by reaction with chloranil. The products (LII) can also be

obtained from the relevônt anions (L) by the action of heat on

the latter. The reaction of azulene with sodaraide in liquid

ammonia produces an unstable rod product which is thought to be
54 554-aminoazulene (LIU), *

Methyl groups in positions 4,6 and 8 in the azulene series
are acidic and a proton can be abstracted from them with strong 

56base. The resultant anion (e.g, LIV) can further react with

electrophilic reagents.

Little work has been done on the nucleophilic substitution

of indolizines, the solitary example concerning the attempted
49amination of indolizines with sodamide. No aminoindolizine 

was isolated, however, but this is not perhaps surprising in view 

of the difficulties involved in the isolation of 4-aminoazulene 

(LIU) from a similar reaction. No such reactions have been 

carried out as pyrrolo[2,l-b]thiazole.
In the event of nucleophilic attack in the pyridine ring 

of indolizine and the thiazole ring of pyrrolo[2,1-b] thiazole, 
several structures for the transition-type intermediatecanions
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could be drawn e.g. Structures (LV)-(LVIII), On the basis of

simple resonance theory, therefore, some stabilisation of the

anions should occur. Complete cyclic délocalisation of the

negative charge in the pyrrole ring, resulting in the formation

of a stable ^-electron sextet system, is not possible in this case,

hov/ever, since the bridge-head nitrogen atom is fully saturated

and can take no part in the conjugation. The case is similar

to that of N-methylpyrrole, where the formation of a pyrrolyl-type

ion cannot be envisaged, Furthermore, any of the structures

(LV)-(LVIII) possess a double bond exocyclic to the pyrrole ring.

This is a further bar to cyclic charge delocalisation.

Another difficulty in the pyrrolo[2,l-b]thiazole case is that,
for the negative charge to be delocalised, structures of the type

(LVII) and (LVIII) must be invoked. In these, one must assume that

the sulphur d-orbitals can take part in the conjugation. This type

of d-orbital participation is the subject of much discussion at

present and its existence is by no means proved.

This inability of the indolizine and pyrrolo[2,l-b]thiazole

structures to set up anionic species which possess a stable

^-electron sextet system is likely to reduce the reactivity of the

compounds towards nucleophiles as compared with that of azulene.
57 58Nevertheless, Boekelheide, ' has shown that a methyl group in the

5-position of indolizine is acidic. Thus the reaction of 

n-butyllithium with 2-methyl~5-phenylindolizine afforded a deep
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red colour in solution, which was regarded as being due to the 

anion (LIX), The latter was not isolated, but the colour of the 

solution was discharged on addition of benzophenone, the carbinol 

(LX) being isolated from the reaction mixture in fair yield. On 

substitution of dimethylformamide for benzophenone in this procedure 

the aldehyde (LXI) was obtained.

In contrast, methyl groups at positions analogous to positions 

1 and 3 in azulene are of comparable reactivity towards hydride 

acceptors in the indolizine and pyrrolo[2,l-b]thiazole series.
Thus the action of triphenylraethyl perchlorate or 5,6-dicyano- 

1,4-benzoquinone on suitable indolizines^^ or pyrrolo[2,l-b]thiazoles 
(Section 2C) affords cations of the type (LXIII) and (LXIV) analogous 

to the cation (LXII) in the azulene s e r i e s , I n  no case is such 

a cation isolated, however, further reaction taking place to give 

coloured dyestuffs which have been characterised in the azulene 

series. The initial formation of such cations is inferred from 

the isolation of triphenylmethane from the reaction mixtures.

The polarisation of acyl groups at positions analogous to 

positions 1 or 3 in azulene is also common to all three systems.

This is reflected in low infra-red carbonyl stretching frequencies, 

caused by the degree of single bond character conferred on the 

carbon-oxygen bond by contributions from structures such as (LXVÏ)

(LXVIII) and (LXX) to the ground-state. The aldehydes (LXV), (LXVII) and 

(LXIX) have carbonyl stretching frequencies of 1658 cm 1637 cm**̂ ,
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- 1and 1645 cm respectively in carbon tetrachloride solution, whereas 

V  C=0 for naphthaIdehyde in the same solvent is 1700 cm ^.

In the azulene series this polarisation results in the formation 

of isolable salts of the type (LXXI), on treatment of the aldehyde 

with perchloric acid. This type of cation has been detected by 

n.m.r. spectroscopy in the indolizine and pyrrolo[2,1-b]thiazole 
series (Sections 2C and 2D) but no salts have been isolated. The 

polarisation of the carbonyl double bond in formylazulenes also 

manifests itself in the failure of these compounds to undergo 

the Cannizzaro reaction and the Benzoin Condensation, Both 

3-formylindolizines^^'^^ and 5-forinylpyrrolo[2,l-b]thiazoles 

(Section 2C) can be reduced to the corresponding methyl derivatives 

by lithium aluminium hydride alone or in the presence of aluminium 

chloride. The latter method has been regarded as a general
61procedure for the de-oxygenation of polarised carbonyl groups.

Prom the material discussed above, the analogy between the 

properties of azulene derivatives and the corresponding indolizines - 

with the possible exception of reactivity towards nucleophiles - is 

evident,
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B . Thiones and Thials

This section deals mainly with a short review of the available 

methods for the preparation of thiones and thials, together with a 

brief summary of their physical properties. The subject matter

for the most part excludes compounds other than those containing
C Ha or S skeleton, i.e., compounds such as

l,2-dlthiole-3-thiones (LXXII) will not be discussed.

Thials and thiones tend in general to be less stable than 

their oxygen analogues, since the elements of the second row of 

the periodic table have less tendency to form multiple bonds than 

those of the first row. The fact that stable thiones, in particular, 

have been prepared is explained by the fact that the C»S linkage; 

is easily polarisable to É - S forms. Thus the stability of the 

thiocarbonyl compounds may be enhanced if the molecule contains 

groups, particularly electron- releasing groups (e.g. heteroatoms), 

with which the CkS linkage may be conjugated. The fact that diaryl; 

and heterocyclic thiones are more stable than dialkyl or alkyl-aryl 

thiones illustrates this point. Non-polarised C=8 linkages have a 
great tendency to open out to form polymers, thus explaining why 

the simpler thiones and thials are generally found in trimeric 

or other polymeric forms.
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(a) Thials

In a review^^ of thiones and thials published in 1946

Campaign© makes the following statements,(i) "It is highly

questionable whether any monomeric alkyl thials have been

prepared", (ii) "No pure monomeric aryl thials have been described.

Of these, the first is equally valid at the present time. Two

exceptions to the second statement, however, had been recently

reported prior to the investigations described in Section 2D,

The first authentic stable thioaldehyde to be isolated was the

dipyrrylmethane derivative (hXXV), a key compound in the total

synthesis of chlorophyll. The corresponding aldehyde (LXXIII) was

converted into the formimine derivative (DXXIV) by reaction with

ethylamine in the presence of acetic acid. The hydrobromide

salt of compound (LXXIV) was then treated v/ith hydrogen sulphide

in the presence of ethoxide ion, affording the thioaldehyde (LXXV),

No details of the physical properties of this compound, apart from

its melting point (142°C), were reported.

The other stable thial is N-acetylpurine-G-thiooarboxaldehyde

(LXXVIII) (m.pt, 183°C) which was prepared from the oxime (LXXVI) or

the hydraaone (LXXVII) of pur*inê 6*^oarboxaldehyde by treatment with
64thiolacetic acid.

The methods by which various earlier workers attempted to 

synthesis thioaldehydes have been reviewed up to 1946*^^ These 

methods v/ill be described here in outline only.
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Most of the early work was concerned with the reaction of

aldehydes with hydrogen sulphide in the presence of hydrogen

chloride as catalyst. The mechanism of the conversion of

carbonyl compounds to thiocarbonyl derivatives has been

envisaged as nucleophilic attack by hydrogen sulphide on the

protonated carbonyl compound (LXXIX), the product (LXXX) then

losing hydroxonium ion to form the corresponding thiocarbonyl

compound (LXXXI), By'this means cyclic trimeric products

(e,g, LXXXII) have been obtained from thionations of formaldehyde,

aoetaldehyde, benzaldehyde and a number of other aldehydes.

Substituted derivatives of trithiane (LXXXII), such as trimers of

thiobenzaldehyde and thioaoetaldehyd© have been obtained in

a- and p-forms, (A further postulated -form has been shown

to be a eutectic mixture of a- and p-forms). Originally it

was thought that trithiane derivatives existed as a planar ring,

but more recently X-ray diffraction,^^ electron diffraction^^ and
68dipole moment studies have all shown that the sym,-trithiane

molecule exists solely in the puckered chair form. On the basis

of chemical^^ and physical^^ evidence, the structures (LXXXIII) and

(LXXXIV) have been assigned to a- and p-trithioacetaldehyde

respectively. Similarly, on the basis of dipole moment studies,

the a- and p-forms of trithiobenzaldehyde have been assigned the

structures (LXXXV) and (LXXXVI), These assignments have subsequently
70been confirmed by n,m,'r, studies. The latter investigation has
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also shown that trithiane (IXCXÏI) exists in solution as a rapidly

oscillating chair structure, in which the axial and equatorial

hydrogens are indistinguishable.

Other methods applied to the possible synthesis of alkyl or

aryl thials include, (i) the action of thiosulphate on aldehydes,

(ii) the action of thioacetoacetic esters on aldehydes, (iii) the

reaction of alkyl halides with sulphides, (iv) the reaction of

dichloroalkyl sulphides with water, (v) the pyrolysis of raercaptals,

(vi) the action of sulphur on aldehydes. From these, trimers

or other polymers of the required thioaldehyde, or other by-products

have been obtained.

From the reaction of 2-ethoxy-l-naphthaldehyde with hydrogen
71sulphide in the presence of acid, Wood and Boat obtained a tod

solution probably containing 2-ethoxy-l-naphthial, The monomeric

thioaldehyde could not be isolated, however, the solution depositing

the trimer on evaporation or on standing for ca. 24 hours. In
72the patent literature, Delson has claimed the synthesis of

thioacrolein by heating sulphur with glycerol at 175-200^0 under

pressure. No physical data on the compound were given, however,

apart from the information that the compound is germicidal and

non-poisonous. This claim has never been substantiated. More
73recently a patent has been taken out for the preparation of 

polymers derived from polyfluorothioaldehydes, the monomers of 

which have a general formula^ X,(CF2)^,CHS, where X can be H
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or F and n = 1-8, and are described as unstable purple compounds.

The preparation of the monomers involved de-hydrofluorination 

of polyfluorinated thiols by using alkal^metal fluorides or 

pyrolysis at 200-600^0,

Alkyl and A1icyolio Thiones

Methods for the preparation of alkyl thiones have been
74the subject of review and oriti^cism by Mayer and his co-workers,

in the light of their recent investigations. A brief summary

of their conclusions would seem pertinent.

The direct thionation of ketones with phosphorus sulphides,

previously claimed as a fairly general procedure for the conversion

of ketones to thiones, is regarded as having little value as a

general method for the preparation of aliphatic thiones, in view

of possible side-reactions, The technique has proved successful,

however, in the preparation of 2,3-diphenylcyclopropenethione

(LXXXVII) from the corresponding ketone ",

The technique most often used, the reaction of a carbonyl

compound with hydrogen sulphide in the presence of acid, seems to

give trimeric or polymeric derivatives of the corresponding thione.

The fact that higher aliphatic ketones, such as methyl hexyl ketone,
75appear to remain unaffected.when treated in this manner arouses

comment, since the corresponding thiones have been prepared by 
76other means. 1,1,S-Triphenylthioacetone (LXXXVIII) has been 

prepared by this method, however, though the product is reported

ÿ.
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77as existing in the ene-thiol form (LXXXÏX) • Doubt is also
78 79cast on the reported synthesis * of alicyolio thiones such

as cyclopentanethione (XC) and eyelohexanethione (XCI).

Repetition of the work on oyclohexanone has sho^m fairly

conclusively that the main monomeric product is the gem-dithiol

(XCII), which will also undergo the reactions used by previous

workers to characterise thiones. Infra-red evidence points

strongly to the structure (XCII) for the product.

In a few cases, e.g.,eyeloheptanone and methyl oyclohexyl

ketone, reaction with hydrogen sulphide under basic conditions,

e.g., in the presence of an amine, gives rise to the corresponding 
80thiones. This procedure, however, is more general for the

formation of gem-dithiols. Ammonium polysulphides seem to

promote polymerisation, tetrathianes (XCIII)and pentathiepanes

(XCIV) being generally formed?^'^^'^^

A recently reported synthesis of eyelohexanethione (XCI)

and cyclopentanethione (XC) from enamines by reaction with

hydrogen sulphide has not proved to be repeatable by three groups

of workers^^*^^'^^ Once again gem-dithiols appear to be produced*

In a few cases «-substituted enamines will give rise to thiones?^

Hydrogen sulphide in acidic media, however, has been found

to convert enol ethers and diethyl ketals into the corresponding 
76thiones. By these methods, low molecular weight monomeric 

aliphatic thiones have been isolated in a pure form for the first
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time. The ketal-cleavage method gives yields of ca. 50%, and 
the monomeric product is more easily isolated in view of the

mild reaction conditions used. By this means monomeric

thioacetone has been isolated and its physical properties

characterised. The authors feel that this method is the most

general and most successful synthesis of aliphatic thiones which

has so far been reported*

Methods involving the pyrolysis of trimeric thiones have

met with scant success owing to the stability of the trithiane

trimers below temperatures at which the monomer is likely to be

stable. The dimer of perfluorothioacetone however, to Which has

been assigned the structure (>ICV), can be pyrolysed to yield

the monomeric thione (XCVI). A simple pyrolytic

procedure for the preparation of perfluorothioketones from

corresponding gem-dithiols has been reported in the patent 
91literature but no report of the synthesis of non-halogenated 

thio-carbonyl compounds in this way has come to light, A 

successful indirect route, once again the work of Mayer and his 

collaborators, involves the fission of adducts (e.g, %CVIII)from 

the reaction of gem-dithiols with malonitrile (XCVIl), These 

generate the required thione in fair yield on being heated above 

their melting point.

Accounts of the preparation of perfluoro derivatives of the 

lower homologues of the aliphatic thione series have recently
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a p p e a r e d ? ^ ' I n  these procedures bis (perf luoroisopropyl)rnercury

(XCÏX) can be converted into perfluorothioacetone (XCVI) in

the presence of boiling sulphur, 4\H-perfluorobutane-2-thione

(C) and 4-ch 1 oroperfluorobutane-2~thione (Cl) are also obtained
90in this way. Another route described is that to perfluorobutane-

2-thione (CIII), which is obtained in high yield (90%) from the

reaction of 2-iodoperfluorobutane (Cll)with refluxing phosphorus

pentasulphide (550^0),

Alky1-Aryl Thiones

Relatively few alkyl-aryl thiones have been prepared,

thioacetophenone having been the subject of most of the attempts.

Monomeric thioacetophenone was first isolated by the pyrolysis of

its trimer (CIV) and distillation of the resultant monomer under
75reduced pressure. It could not be completely purified, however,

because of some decomposition during this process. The reaction of

acetophenone with ethyl thioacetoacetate gave a deep blue oil,

boiling at 110^0/200 m,m„ which was probably thioacetophenone?^
96A synthesis has recently been reported in which the relevant 

ketimine (CV) was treated with hydrogen sulphide. Phenyl 

oyclohexyl thione was prepared in a similar manner. No details 

of the physical properties of these compounds were reported.

Monomeric thioacetophenone is unstable and readily trimerises 

to give the trithiane derivative (CIV)* The latter was the 

product of early attempts to prepare the monomer by the aci^-catalysed
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reaction of hydrogen sulphide with acetophenone. Trithioacetophenone

(CIV) theoretically may exist in two isomeric cis-cis (CVII) and 

cis-trans (CVI) f o r m s . S o  far only one isomer has been isolated 

in any derivatives of the trimer (CIV) and this has not been 

assigned to either of the structures of type (CVI) or (CVII).

Diary.1 " Thiones

The preparation of diaryl thiones has been more extensively

studied. They are in general more stable than their alkyl or

alkyl-aryl counterparts and appear to exist in the monomeric 
62form only. The main methods of formation of these compounds

have been reviewed by Campaigne,^^ These include (i) the reaction

of ketones or their anil derivatives with hydrogen sulphide in

the presence of acid, (ii) the reaction of diaryIdichloromethanes

with thiolacetic acid or metal sulphides, (iii) the oxidation

of diaryImethanes with sulphur, (iv) Friedel-Crafts reactions

using thiophosgene, (v) pyrolysis of mercaptals and thioethers,
65Recently the acid-catalysed conversion of aryl ketones to 

thiones with hydrogen sulphide has been re-investigated using 

liquid hydrogen fluoride as the catalyst. Improved yields of 

thiobenzophenones were obtained by this method, the increased 

success being ascribed to the added protonating power of the liquid 

hydrogen fluoride medium, thus enchancing the reaction under 

scheme (LXXIX)-(LXXXI).
97Another recent method involves the reaction of potassium
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xanthate (CIX) with diaryIdichloromethanes (e.g. CVïïï), The 

initial diaryIchloromethyl xanthates (e.g. CX) are unstable 

and decompose exothermically to give thiones in ca, 90% yield.

Heterocyclic thiones such as thiopyrones (CXI) , thioacridones (CXII) 

and thioflavones(CXIIX)can be prepared by similar methods to 

those described above in the case of diaryl thiones. The reaction 

of the relevént ketone with phosphorus pentasulphide at high 

temperature, with or without the presence of solvent, appears to 

have been most generally used,^^

Properties of Thiones and Thials

The amount of published work dealing with the physical and

spectral properties of thiones and thials is in direct relation

to their availability and stability. Consequently, virtually no

information is available on thials and little on aliphatic thiones.

The general physical properties and stability of thiones tend

to be very variable and dependent on molecular structure. Simple

alkyl thiones are unstable red oils with extremely unpleasant 
74odours, and must be kept out of contact with the atmosphere.

Alkyl-aryl thiones are unstable as the monomer, which is generally 

blue or violet in colour. Aromatic and heterocyclic thiones, 

on the other hand, tend to be more stable, especially v/hen the 

aromatic ring contains electron-releasing groups favouring polar

isation of the thiocarbonyl group. In these cases the thiones 

are generally blue to red crystalline solids of fairly high melting
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point, Thiobenzophenone is the least stable of this class,
65but keeps well if purified and kept in an evacuated sealed vessel.

The infra-red spectra of various classes of compounds containing

the thiocarbonyl group have been quite extensively studied. Because

of the instability of the simpler thiones and thials, however,

and also because of their enolising properties, little information

exists as to their 0=8 stretching frequencies. In consequence,

most of the investigations in this area of spectroscopy have been

concerned with diaryl thiones and with nitrogen-containing

thiocarbonyl compounds such as thioamides. Even in these cases,

however, various authors have quoted values in the range i3Ô0-lÔ0O cm

but this region of the spectrum of most compounds is crowded and

assignments are difficult.

The technique most often utilised is the comparison of spectra

of thiocarbonyl compounds and their oxygen analogues. By this
—  1means values in the range 1360-1300 cm have been attributed to

the CssS stretching frequency in xanthione (CXIV),thioxanthione (CXV)

and N-methylthiaacridone (CXVX),while this vibration in thiobenzophenone

derivatives is q u o t e d a s  falling in the region 1200-1225 cm
99,101

Other workers have stated that as a general rule "unpeturbed"

Ct=S stretching frequencies - i,e, frequencies which are not the 

result of interaction with other adjacent vibrations - fall in the 

range 1150 ̂  70 cm ^,

, 98-102 
—  1
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A good example of the difficulties which arise in assigning

the C=S stretching frequency comes from the thioamide series,

where initially this was ascribed to an absorption in the region

1400-1300 cm Recent work,^^^'^^^ however, has indicated that

it is doubtful whether a simple 0=8 vibration occurs in the spectra

of thioamides, since interactions with vibrations in the same

spectral range (e,g. vibrations due to C-N bonds) tend to give
105rise to coupled vibrations. Bellamy applied the solvent shift

technique to the study of the infra-red spectra of thiocarbonyl

compounds in the hope of clarifying the situation. He was able
-1to ascribe the value 975 cm to the thiocarbonyl stretching

frequency of thioacetamide on this basis. On a similar basis

we have ascribed absorptions in the same range to the 0=8 stretching

frequency in some heterocyclic thioaldehydes (see Section 2D).

Recent papers^^'^^^ however, cast doubt on Bellamy's assignment

for thioacetamide. Comparison of the spectra of thioacetamide

and selenoacetamide has shov/n fairly conclusively that the absorption

corresponding to vibrations of the 0-8 bond in this compound occurs
-1in the region below 800 cm. It was found that the spectra of the 

thio and seleno analogues of many amides were very similar, much 

more so than the spectra of amides and thioamides. Generally 

only one absorption was displaced in passing from the thioamide 

to the selenoamide, so that this could be assigned to an absorption 

due to the 0-8 or 0-Se bond. The authors feel that the substitution
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of selenium for sulphur in thiocarbonyl compounds is a better 

criterion for detecting frequencies due to carbon-sulphur bonds, 

than is the substitution of oxygen for sulphur, there being more 

similarity in properties, particularly with regard to polarisation 

and multiple bond formation, between the former pair of elements.

Basing their arguments on the above results, the authors contend 

that thioamides have spectral properties more consistent with 

structure (CXVIXI ) than with (CXVI%) . Other w o r k e r a l s o  cast 

doubt on the utility of the solvent shift technique for detecting

absorptions due to C=S vibrations in a similar context.
105Curiously Bellamy found that, in the spectrum of thiobenzophenone, 

no solvent shifts could be detected for absorptions in the region 

in which the C=S stretching frequency was believed to lie. Prom 

this it was inferred that the thiocarbonyl bond was essentially 

non-polar, This inference is somewhat difficult to rationalise

in view of the fact that the dipole moment of thiobenzophenone has 

been variously ascribed the values 3.37D, 2.88D and

i.e., the molecule is polarised and the polarity must arise from the 

thiocarbonyl bond. Current evidence seems to suggest that, though 

on simple electronegativity criteria an "isolated** C=S bond would 

be expected to be less polar than a similar C=0 bond, due to the 

higher electronegativity of oxygen as compared with sulphur, the 

C=S bond is more polarisible than the C=0 bond and hence is the 

more polar when conjugated with electron-releasing groups, particularly

' ̂ ''."f f i., '»T " '!>■- A.- 'I'- '
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those containing hetero-atoms. Theoretical calculations of

dipole moments have been carried out for certain thiocarbonyl 
112compounds. These have been shown to agree with experimental

values only if the following considerations are included in the 

setting up of the model for the calculations, viz *, (i) the 

carbon-sulphur bond - single or double - is decidely polar,

(ii) sulphur does not form multiple bonds as readily as first 

row elements.

All this evidence points to the fact that in most stable

organic thiocarbonyl compounds,the C=8 link is polarised to an

appreciable degree. This must indeed be the case if the postulate,

that stability is conferred upon thiocarbonyl compounds by virtue

of the polarisation of the 0=8 bond, is correct. Evidence as

to the stability of various series of thiocarbonyl compounds

certainly supports this view, i,e. the lower aliphatic thiones,

having only alkyl groups to aid the polarisation of the C»S bond

are decidely unstable, Thials are in general unknown, probably

because only recently have examples been prepared, in which

sufficient tendency towards polarisation is obtained from the

substituent on the thioformyl carbon atom to offset the zero

effect from the thioformyl proton*

Our results in a preliminary investigation into the solvent

dependence of absorptions in the infra-red spectrum of the thione
105(CXIX) parallel those of Bellamy for thiobenzophenone, in that no
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markedly solvent-dependent absorptions were detected* In contrast,

a strongly solvent-dependent peak was detected in the spectrum of

the thioaldehyde CCXX)• One would expect, however, that the

influence of the methyl group of the thioacetyl function in the

thione (CXIX) would tend to increase the extent of polarisation

of the CwS bond in the latter compound relative to that in the

thioaldehyde (CXX). In consequence the solvent-shift method

as a procedure for detecting 0=8 stretching vibrations - and hence

those values tentatively attributed to them in the case of the

thioaldehydes discussed in Section 2D - may be of dubious value.

The u.v. spectra of thiones have been quite extensively studied

The most characteristic absorption is a weak band at ca, 500 mp, for

aliphatic thiones^^'^^^ and ca* 600 m(i for aryl thiones^^^ This

can exhibit a vibrational fine structure and on the basis of its

intensity and of its solvent dependence it has been assigned to
*the forbidden n-7C transition of the 0=8 group.

Reactions of Thiones and Thials

The reactions of thiones and thials have been extensively 
62.74reviewed, so that little detail is necessary here. In their

reactions with nucleophilic reagents thiones tend to parallel 

their corresponding carbonyl analogues, e.g., in the formation 

of phenylhydrazones and other related derivatives. In the 

latter case, however, the corresponding gem-dithiols can give 

similar products, which have on occasion resulted in the erroneous
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attribution of thione structures to reaction products.

With electrophilic reagents most thiones react at the 

thiocarbonyl sulphur atom to yield derivatives of the corresponding 

thioenol. The reaction of thiones with metals (e.g. Cu) has been 

utilised for the formation of ethylene derivatives (e.g. CXXI),

It is not yet clear whether thiocarbonyl compounds are more 

reactive than carbonyl compounds towards their common reagents.
74Condensations of thiones with nucleophilic reagents are reported

to proceed without catalysts, so that greater reactivity may be

tentatively inferred. This inference is supported by the fact
63that the first authentic thioaldehyde to be reported, the 

dipyrrylmethane derivative (LXX7) was prepared expressly to take 

part in a (successful) condensation with an amine, this having 

failed in the case of the corresponding aldehyde.
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Investigations described in this section are concerned with 

the chemical reactivity of the related heterocyclic systems 

indolizine ( I ) and pyrrolo[2,1-b] thiazole (II ) ;’ O f  particular 
interest is the preferred site of electrophilic attack, since 

theoretical quantities e.g., charge densities and electrophilic 

localisation energies, from which the preferred site of electro

philic attack may be predicted, have been calculated 

for indolizine. Such calculations have not so far been carried 

out for pyrrolo[2,1-b]thiazole, but the close structural relation

ship between the systems implies that the predictions might be 

similar in nature.

During this investigations, a thioformyl derivative of 

pyrrolo[2,1-b]thiazole was prepared in connection with spectral 

studies of the formyl and acetyl derivatives. Owing to the 

extreme rarity of stable compounds containing the thioformyl 

grouping, the inherent interest of this compound provoked a 

preliminary study of the scope of the preparitive method and of 

the properties of various thiocarbonyl derivatives of pyrrolo- 

[2,1-b]thiazole, indolizine and indole.
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A, The Protonation of Indolizines

Indolizine (I ) and its derivatives possess a marked

aromatic character, and consequently considerable reactivity

towards electrophilic reagents* Substitution studies have

shovm that in the alkylation, benzoylation, formylation,

carboxylation and nitrosation of 2-methylindolizine ( III ),

monosubstitution takes place at position 3, Exceptionally,

nitration affords a mixture of mono-substitution products,

containing predominantly the 1-nitro derivative (62%) and a

small amount of the 3-nitro isomer (1,5%). Further substitution

gives a 1,3-disubstitution product in all cases.

These experimental results agree with theoretical predictions

as to reactivity towards electrophiles, Calculation of the

1C-electron densities of indolizine by the Hückel Molecular Orbital 
26

method gives the positional order of decreasing charge density as

3>1»5>2>7>6>8, Since attack by an electrophile at position 4

cannot give a substitution product, electrophilic substitution

reactions are thus predicted to occur preferentially at position 3,

A similar result is obtained from consideration of frontier electron 
27

densities which show a decreasing order of 3>l»5>8>7>S>8a>4>2,

A calculation of electrophilic localisation energies, however,
28has produced a conflicting prediction, in that, although by this 

means the superior reactivity of positions 1 and 3 over all others 

is confirmed, the relative reactivity of these positions is reversed.
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i.e., position 1 is preferred to position 3.
19Since indolizines are weakly basic (pK^ 8-11) and protonation 

may be regarded as the simplest form of electrophilic attack, the 

protonation of indolizines would seem a useful reaction to study 

in order to correlate experimental fact with theoretical pre

dictions. In addition, the stable crystalline salts, which 

indolizines readily form with strong acids, have been found to 

be products of C- protonation and to have structures similar to 

type (IV ), These are equivalent to the so-called cf-complexes 

postulated to be intermediates in aromatic substitution reactions - 

in this case a proton-for-proton substitution reaction. They 

have a bearing, therefore, on the studies of the mechanism, and 

especially the energy profile, of aromatic substitution reactions 

in general. Such intermediates have been isolated as stable

salts in the protonation reactions of pyrrolo[2,1-b]thiazoles 
r , 30 ,31  115[Section 2 B (i)J, azulenes and indoles , Members of the benzene

series have also been prepared e.g* structures of type ( V ),

which are stable below ca. 90^0.^^^

The first stage of the present study was carried out in an

investigation of the structure of indoliziniura salts by means of
29n.m.r. spectroscopy. None of the spectra of these salts showed 

evidence of a signal ascribable to a proton bonded to nitrogen, 

which would appear as a broad band or triplet. The pattern of

the spectra indicated that protonation occurs at carbon with the
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formation of a methylene or substituted methylene group. Com

parison of the spectra of indolizinium perchlorate ( IVa )

2-methylindolzinium perchlorate ( IVb ), 1,2-dimethylindolizinium 

perchlorate ( IVc ) and 1,2,3-trimethylindolizinium perchlorate 

(IVd ) showed one common feature other than the band of signals 

in the region ô 8-9, attributed to the pyridinium ring protons.

This was a signal in the region ca, 6 5,5, which was a singlet 
in the case of the salts (IVa-c) and a quartet in the salt 

( IVd ), The signal was attributed to a methylene or substituted 

methylene group on the basis of its spectral position. Since

1.2-dimethylindolizine can only give rise to an unsubstituted 
methylene group by being protonated at position 3, and since the 

signal attributed to this group in the salt (iVc ) occurs in the 

same narrow spectral range as those detected in the spectra of the 

salts (IVa ), (IVb ) and (IVd ), it was inferred that protonation 

took place at C-3 in all cases.

It was observed, however, that 2,3-dimethylindolizine appeared 

to give a mixture of perchlorates, the n.m.r. spectrum of which 

showed a signal at 6 4,13, Since a methylene group at position 1 

would experience a smaller de-shielding effect than that a position 3 

because of its increased distance from the positively charged nitrogen 

atom, this signal was assigned to a 1-methylene group of the
2.3-dimethyl-lH-indolizinium cation (XII ). Apparently the methyl 

group at position 3 exerted a steric effect which hindered complete 

protonation at position 3,
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Accordingly, the present study was begun with the aim of 

finding out whether 3-alkylindolizines are a special case. The 

spectra of these indolizines and their respective perchlorate 

salts in trifluoroacetic acid were studied. Spectral assignments 

described are based on the foregoing arguments.

We consider first the spectra of 2-methyl-', 1,2-dimethyl-,

2,0-dimethyl- and 2,8-dimethylindolizine in trifluoroacetic acid
solution (Table I), These are identical with the previously 

29
recorded spectra of the perchlorates in the same solvent - apart 

from small changes (0,0 - 0,05 p.p.m.) in the chemical shifts of 

the signals, arising from slight changes in the solvent composition. 

These results confirm that these indolizines are protonated exclus- 

ively at position 3. 2-Phenyl-, 1-methyl-2-phenyl-, and

5-methyl-2-phenylindolizine are also completely protonated at 

position 3,

The spectrum of 3-methylindolizine in trifluoroacetic acid 

(Pig, IB), however, indicates that more than one protonated species 

is present, A quartet centred at 6 5.65 (J = 7,2 c,/s.) is 
attributed to a methylene proton at C-3, on the basis of previous 

assignments, while a doublet centred at ô 1,87, of three times 

the relative intensity, shows a reciprocal splitting, and is thus 

assigned to the 3-methyl protons of the & H-cation (IX ), Two 

doublets centred at 6 7,51 and ô 7,20 constitute an AB system, and 
are assigned to H-2 and H-1 respectively in the 3Hr cation. The
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spectrum also shows a singlet at Ô 4,24, assigned to methylene 

protons at C-l^an incompletely resolved doublet at ô 2,63 

(J sa 1,7c*/s4) ,assigned to the 3-methyl protons, and a singlet 
at Ô 6,84 assigned to the H-2, all pertaining to the 1 H-cation 

( X ), The pyridinium ring protons of the two cations (IX )

and ( X ) occur as a complex band in the region Ô 7,7-9.1.

Solutions of 2,3-dimethyl-, 3-methyl-2~phenyl-, and 

3—othyl-2-methylindolizine in trifluoroacetic acid, also give 
rise to two superposed spectra which can likewise be assigned to 

the 3H- ( XI, XIII, XV ) and the IH-cations ( XII, XIV, XVI ) 

respectively,

3,5-Dimethylindolizine was exceptional among those 3-alkyl- 

indolizines without a substituent at position 1, in that its 
spectrum in trifluoroacetic acid was that of a homogeneous species.

A quartet at 6 5,77 and a doublet centred at ô 1,81 show the 
same splitting (J » 7.0 c^/sjand are assigned to a methylene 

proton and methyl protons at position 3, respectively, (Fig, 1C),
3,5-Dimothylindolizine must therefore be protonated exclusively 

at position 3, the spectrum in trifluoroacetic acid being that of 

the 3,5-dimethyl~3H-indolizinium cation ( XVII ), The spectra of

1,2,3-trimethyl and 1,3-dimethyl-2-phenylindolizine in trifluoroacetic 
acid also indicated homogeneity of protonated species - shown to 

be the 3‘Jî-cation ( IVd and IVg respectively) in each 

case.
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TABLE ii

Percentage Composition of solutions of 3~alkylindolizines 
in tx^ifluoroacetic acid*

Indolizine

3-Methyl
2.3-Dimethyl 
3-Methyl-2-phenyl
3-Ethy1-2-methyl
3,5-Dimethyl
1.2.3-Trimethyl
1.3-Dimethy1-2-phenyl

3H- Cation

(IX) 21
(XI) 41

(XIII) 72
(XV) 78 

(XVII) 100 
(IVd) 100 
(IVg) 100

IH- Cation

(X) 79
(XII) 59
(XIV) 28
(XVI) 22

Estimated accuracy of values

TABLE III

Percentage Composition of solutions of 3-alkylindolizinium
perchlorates in trifluoroacetic acid.

Indolizinium Perchlorate 3H- Cation IHK Cation
3-Methyl (IX) 8 (X) 92
2,3-Dimethyl (XI) 40 (XII) 60
3-Methy1-2-phenyl (XIII) 90 (XIV) 10
3-Ethy1-2-raethy1 (XV) 100 (XVI) -

Estimated accuracy of values - 4%.
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The relative proportion of the l\H-cation formed on 

protonation of 3-alkylindolizines is dependent on the presence 
of substituents elsewhere in the molecule - particularly at 

positions 1, 2 and 5. As would be expected, indolizines 

substituted at both positions 1 and 3 are protonated exclusively 

at position 3, since steric effects hindering proton attack 

would effectively cancel, allowing the relatively higher 

reactivity of position 3 to be retained.

Comparison of the relative proportions of the 2,3-dimethyl-3H- 

( XI ) (41%) and 3-methyl-3H- ( IX ) (21%) cations (Table XI), 

in their respective cation mixtures, however, suggests that some 

factor, in addition to the steric hindrance to proton attack 

caused by the 3-alkyl substituent, must operate in the former case. 

On the basis of the simple steric theory, the extent of this steric 

inhibition in 2,3-dimethylindolizine should not differ markedly 

from that in 3-methylindolizine, yet the proportion of the 3VÎ- 

isomer in the mixture of protonated species increases. In 

the 2,3-diraethyl-3H-indolizinium cation (XI ), however, the 

pyridinium ring is conjugated with the methyl group at position 2 
so that the structure may be additionally stabilised. The

19
relatively higher basicity of 2-methylindolizine (pK^ 9,87), as

19
compared to that of indolizine (pX^ 11.37), may also be explained 

by similar arguments, since the efficiency of any entity in acting 

as a base is determined by the stability of its conjugate acid.
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The stabilising effect of the methyl group at position 2 does not 

operate for protonation at position 1, however, since thé methyl group is no 
longer conjugated with the pyridinium ring in the l&H-cation.

This increased stability of the 3Ml-cation ( X X  ) is therefore 

the driVing-foree for protonation at position 3 in 2,3-dimethyl

indolizine, and overrides the steric factor to some extent.

The relative amount (78%) of the 3-H cation ( XV ) 

formed on protonation of 3-ethyl~2-methylindolizine, is greater 

than in the 2,3-dimethylindolizine case, though the cation- > 

stabilising effect the 2-methyl substituent is constant. This 

requires further explanation, the more so since, on the simple 

steric theory, the more bulky 3-ethyl group would be expected 

to more seriously inhibit proton attack at C-3. To explain 

this anomaly, it is necessary to postulate the presence of a 

steric interaction between the ethyl substituent and the methyl 

group at position 2 - and possibly also between the ethyl group 
and H-3, This steric strain would be relieved by the change in 

hybridisation of C-3, attendant upon protonation. Only such a 

steric effect between the methyl groups at positions 3 and 5 can 

explain the exclusive protonation at position 3 in 3,5-dimethy1- 

indolizine.

In those cases in which mixtures of protonated species were 

detected, attempts were made to isolate a mixture of the respective 

perchlorates, using a method designed to minimise losses of

• ... ‘"j’'..'j if-j
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product on isolation. The spectra of these mixtures were 

recorded as before and the relative amounts of the species 

present determined. Results are summarised in Table III. 

Comparison of these data with those in Table II suggests that 

the composition of the cation mixture alters considerably during 

isolation - in ail cases at the expense of the minor protonation 

product. The supposition is not strictly valid, however, since 

protonation of indolizines in trifluoroacetic acid solutions 

occurs under reversible conditions (vide infra), whereas in 

solutions containing perchloric acid it is irreversible. It 

is possible, therefore, that the cation mixtures in solutions 

of the perchlorates have different compositions from those 

detected in solutions of the bases in trifluoroacetic acid.

The n.m.r, spectra of solutions of indolizines in deutero- 

trifluoroacetic acid were also examined. Deuterium-hydrogen

exchange was detected at the site (or sites) of protonation in 

all cases, indicating that the protonation of indolizines is 

reversible in trifluoroacetic acid solutions. In solutions 

of indolizine, 2-methyl- and 3,5-dimethylindolizine, however, 

exchange was also detected at position 1, though the spectra of 
these bases in trifluoroacetic acid showed only signals attribut

able to species protonated at position 3, Thus protonation must 

also occur at position 1 to a small extent. It is likely that
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this arises through an equilibrium of the type shown in Scheme I.

In those cases in which protonation appears to occur exclusively, 

at position 3, the equilibrium concentration of the l&Hrcation 

(e.g. XIX ) must lie below the limit of detection by n.m.r. 

spectroscopy.

None of the corresponding perchlorates show similar 

hydrogen-deuterium exchange when dissolved in deuterotrifluoro

acetic acid. Hence indolizines are protonated irreversibly 

in the presence of perchloric acid.

The spectrum of indolizine in deuterotrifluoroacetic acid 

shows that the doublets centred at ô 7,24 and Ô 7.55, corresponding 

to H-1 and H-2 in the spectrum of the 3 H-indolizinium cation 

( IVa )y are replaced by a singlet at ô 7.55, The latter signal 

may thus be attributed to H-2 and that at Ô 7.24 to H-1, This 

information confirms the tentative assignments made previously.

We therefore conclude that the protonation of indolizines 

occurs preferentially at position 3 when no steric factors inter

fere, This ccnolusion agrees with predictions based on calcu-
26 27lations of TE-electron densities and frontier electron densities.

It is also supported by the results of a subsequent independent
117investigation which have recently been published. The prediction

of the greater reactivity of position 1, on the basis of computed
28electrophilic localisation energies, is not supported by experimental 

results.
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B, (i) The Protonation of Pyrrolo[2,l-bjthiazoleg

The study of the protonation reactions of pyrrolo[2,1-b]thiazoles 

was carried out vath a similar objective to that cited in the case of 

indolizines (Section 2A). We wished to determine the preferred 

site of electrophilic attack on pyrrolo[2,1-b]thiazoles and 
employed the experimental technique described in Section 2A, i.e., 

examination by n.m.r. spectroscopy of the cationic species present 

in solutions of pyrrolo[2,l-b]thiazoles and their perchlorate salts 
in trifluoroacetic acid*

The n.m.r. spectra of indolizines and pyrrolo[2,l-b]thlazoles 

in acid solution are largely similar in pattern. The complex band 

due to the six-membered ring protons of indolizine, however, is 

simplified to an AB pair of doublets in the spectra of pyrrolo[2,1-bJ- 
thiazoles. Similar deductions as to the structure of the protonated 

species can therefore be made*

From analogy with the data on indolizines already cited,

C-protonation in pyrrolo[2,l-b]thia%oles should give rise to a methy

lene or substituted methylene group which should produce a signal 

in the n.m.r. spectrum of the protonated species in the spectral 

ranges ca, Ô 5.5 (for protonation at position 5) and ca, ô 4,5 (for 

protonation at position 7), Signals of this type are in fact 

detected in all cases and thus C-protonation may be inferred. In 

addition, the spectra in no case show a broad band or triplet which 

would indicate a proton bonded to nitrogen.
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We consider first the spectra of pyrrolo[2,thiazolium 
perchlorate ( xXa ) [Fig*2A]^ 6-methyl- ( XXh ) [Plg.BB],

6,7’-dimethyl- ( XXc ) and 5,6,7-trimethylpyrrolo[2,1-^thiazolium 

perchlorate ( XXk ) (Table IV). Two common features are found.

(a) A pair of doublets constituting an AB system occurs in the 

region ô 8.4 - 8,2 and 6 7.Ô - 7.7. (b) A signal is present in

the region Ô 5,2 - 5,4, The latter is assigned to a mo thy lone or 

substituted methylene group on the basis of its spectral position.

This signal in the spectrum of the perchlorate ( XXk ) consists of 

a symmetrical quartet (J « 7,2c,/s,)of integrated intensity corres
ponding to one proton. This indicates that protonation has occurred 

at a site already occupied by a methyl group. Confirmation is 

provided by the reciprocal splitting (J = 7,2o,/s,)of the doublet 
centred at 6 1,79 of intensity corresponding to that of three protons. 

The methylene signal in the spectra of compounds ( XXa ), ( XXb ) 

and ( XXc ) is a singlet absorption of intensity corresponding to 

two protons (i.e., arising from an unsubstituted methylene group).

In 6,7-dimethyipyrrolo[2,l-b]thiazole (XXIc ) the only site of 

protonation consistent with the formation of an unsubstituted 

methylene group is position 5. Protonation in the thiazole ring 

cannot occur since the AB system, which can only be assigned to 

H-2 and H-3, is retained in all cases on protonation. Protonation 

at position 5 may thus be inferred in the case of the perchlorates 

( XXa ), ( XXb ) and ( XXk ),
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5 (pp m)

A%" * 4 ÿ
( 83%) (15%)

239

-Jv/Vr^V^T rîyi"
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The signal arising from a methylene group at position 7 would 

be expected to lie considerably up'̂ field from that of a C-5 methy

lene group, since C-5 is attached directly to a positively charged 

nitrogen atom. The C-5 methylene group would thus experience 

a considerable de-shielding effect* In fact such a signal is 

present in the spectrum of 5, G'-dimethylpyrrolo[ 2,1-b] thiazole 
(XXIe) in trifluoroacetic acid solution (Fig. 2C)* The 

complexity of this spectrum indicates that a mixture of protonated 

species is present. In the methylene region of the spectrum, a 

quartet at Ô5.21 (J = 7.3 c*/s*) and a broad singlet at 64,15 are 

present* Since the former occurs in a region already shown to 

accommodate signals due to methylene protons at position 5, the 

signal at 64,15 is concluded to be due to a methylene group at 

position 7, in view of the fact that its singlet character precludes 

protonation at any site already occupied by a methyl group.

The interpretation of the remaining features of the spectra 

of the perchlorates (XXb), (XXc) and XXk) agree well with the 

foregoing assignments. Two further features of the spectrum 

of pyrrolo[2,1-b]thiazolium perchlorate (XXa), however, deserve 

mention* The AB system, consisting of doublets centred at 67,76 

and 67*30, is assigned to H-6 and H»-7 since the higher field 
component doublet falls in the region attributed to signals due to 

H-7 in the spectra of cations <5>Xb) and XXII), Further support 

for this conclusion is obtained from an examination of the

,-y . ..  .' ; ■ '  ■■ - iri"-''-"'- ''J'. - '2- ,-r... ±
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coupling constant (J = 6,3c,/s»)of this sytem. This value is 

greater than that of the other AB system at lower field (J = 4,0 o«/s.) 

The latter, however, corresponds to J (H-2, H-3) for the AB system 

assigned to H-2 and H-3 in those pyrrolo[2,l-b]thiazoles which 

carry a substituent at position 6, In the H-2, H-3 AB system, 

the lower field doublet is assigned to H-3, because of its 

proximity to the positively charged nitrogen atom̂ . This assign

ment agrees well with the positions of the signals due to H-2 in 

the spectrum of 3,6-dimethylpyrrolo[2,1-b]thiazolium perchlorate 
( XXe ) and due to H-3 in the spectrum of 2,6~dimethylpyrrolo[2,1-^]- 

thiazolium perchlorate ( XXd )•

The chemical shifts of the signals assigned to H-2 and H-3 in 

pyrrolo[2,l~b]thiazolium cations are similar to those (6 7,88 and 
S.OO, J =5 4.0c,/s,)of the corresponding protons of 2,3-dimethyl- 
thiazolium perchlorate, indicating that in pyrrolo[2,1-^]thiazolium 
cations, the thiazole ring carries the bulk of the positive charge.

The spectra of eight other pyrrolo[2,1-b]thiazolium perchlorates 

have also been recorded (Table IV). Interpretation of these spectra 

by similar reasoning to that employed in the case of the spectra 

discussed above shows that the structures of the cations are consistent 

with protonation at position 5,

..— ...
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The spectra of the perchlorates (XXa-f) and (XXk) are

identical with those of the corresponding bases in trifluoroacetic

acid, establishing that salts of types (XXa-f) and (XXk) are the

only protonation products formed in measureable amount.

5,6-Dimethylpyrrolo[2,1-b]thiazole (XXIe) does not form a crystalline 
22perchlorate. The spectrum of the base in trifluoroacetic acid, 

however,showed signals ascribable to protons of both the cations 

(XXII) and (XXIII), which are present in the proportions 85% and 

16% respectively.

The spectra of the bases (XXIb-f) in deuterotrifluoroacetic 

acid showed hydrogen-deuterium exchange at the site (or sites) of 

protonation. The spectra of 0-methyl-(XXIb) and 6-phenylpyrrolo- 
[2,1-b]thiazole, however, also showed hydrogen-deuterium exchange 
at position 7, though the spectra of these bases in trifluoroacetic 

acid indicated exclusive protonation at position 5, From this it 

may be concluded that, even in those pyrrolo[2,1-b]thiazoles which 
appear to protonate exclusively at position 5 in trifluoroacetic 

acid, there must exist an equilibrium between the 50-̂ i?and 7H- cations 

passing through the free base as turntable (similar to Scheme I, 

Section 2A), Evidently the equilibrium concentration of the 7H- 

cation is below the limit of detection by n.m.r, spectroscopy.

Such exchange, however, was not detected from the spectra of 

the relevant perchlorates in deuterotrifluoroacetic acid. In this 

case the pyrrolo[2,1-b]thiazoles are protonated irreversibly, since 
the perchlorate anion present in solution is not a strong enough base 

to remove a proton from pyrrolo[2,1-b]thiazolium cation - i,e„ the 
acidity of the medium is too high for reversible protonation to occur
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Some weak couplings in the spectra of the pyrrolo[2,1-b]thiazolium 

perchlorates were further examined. In the spectrum of 

pyrrolo[2,1-i^thiazolium perchlorate (XXa ), the components of 

the H-2 doublet, produced by strong splitting with H-3 (J = 4,0 c./s.) 

are each weakly split into a doublet (J = l,4c,/s.)by further long- 

range coupling with H-6, Tlie components of the H-7 doublet are 

also weakly split due to coupling with the 5-methylene protons.

Methyl groups at 2,3 or 6 are weakly coupled to the adjacent ring 

proton, H-3, H-2 or H-7 respectively, the corresponding signals 

showing the expected multiplicity* A 6-methyl group is identifiable 
in the presence of a 2- or 3-methyl group by virtue of the difference 

in magnitude of the coupling constants of these interactions. The 

constant for Me-6, H-7 coupling (J = 1.4 - l,6c./s,)is significantly 
greater than that for Me-2, H-3 or Me-3, H-2 couplings (J = 1.0 - 

1*1 c*/s.)*
From the results of the above studies we conclude that 

pyrrolo[2,1-^]thiazoles are protonated preferentially at position 5, 

Since the structurally analogous position^ (C-3) in indolizines is 

also the preferred site of protonation, the intuitive expectation 

that the systems will have similar chemical reactivity, because of 

their close structural relationship, is confirmed.

■"■•■V'-"' '   " L - Aj VîÆ#irt*îi 2_:’ .-i'l
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(11) N,M.R, Spectra of Methyl-substituted Pyrrolo[2,1-b]thiazoles

The n.m.r. spectra of 6-methyl-, 5,6-dimethyl- and 
6,7~diraethylpyrrolo[2,1-b]thiazole (Table V) are of importance 
in the structural determination of the products of the electrophilic 

substitution reactions of 6-methylpyrrolo[2,1-b]thiazole [see Section 

2C (ii)] by means of n.m.r, spectroscopy. Accordingly their spectra 

in deuterochloroform were measured and the following assignments 

made.

In the aromatic region of the spectrum of S-methylpyrrolo[2,1-b]- 

thiazole [Fig, 3A] , two doublets of an AB system (J ss 4,3 c./s, are 

detected, which can only arise from H-3 and H-2, The lower-field 

doublet (6 7.22) is assigned to H-3 rather than H-2, since C-3 is 
attached directly to the bridge-head nitrogen atom. The doublet 

centred at Ô 6.52 is thus assigned to H-2. Two further singlet 

absorptions occur in the aromatic region at 6 6.97 and 6 6.06, each 
of integrated intensity corresponding to one proton. These must 

correspond to absorptions due to H-5 and H-7 by a process of elimin

ation, A tentative assignment of the lower-field signal to H-5 and 

the higher-field signal to H-7 can be made on the basis of similar 

reasoning to that employed in the H-2 and H-3 assignments.

Comparison of the spectra of 5,6-dimethyl- [Fig, 3B], and

6,7-dimethylpyrrolo[2,1-b]thiazole [Fig. 3C] with that of 6-methyl- 
pyrrolo[2,1-^thiazole shows that the AB system of doublets is 

common to all three compounds, with only slight variations in line
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position. In the 5,6 dimethyl- derivative, however, the only other 

signal in the aromatic region is a singlet at 6 6,06 and is thus 
due to H-7, supporting the assignment of the signal at Ô 6,06 to 

H-7 in the spectrum of 6-methylpyrrolo[2,1-b]thiazole. Similarly 

the 6,7-dimethyl derivative shows a singlet at ô 6,97 only, 

supporting the assignment of a similar signal to H-5 in the spectrum 

of 6-methylpyrrolo[2,1-b]thiazole,
The spectra of both 5,6-dimethyl- and 6,7-dimethylpyrrolo[2,1-^- 

thiazole show two singlets each corresponding to three protons in 

the methyl region of the spectrum. The protons of methyl substituents 

in pyrrolo[2,1-b]thiazoles would be expected to experience increasing 
shielding effects with increasing distance from the bridge-head 

nitrogen atom. Hence the signals at Ô 2,17 and ô 2,32 are assigned 

to methyl groups at positions 6 and 5, respectively, in the spectrum 
of the 5,6-dimethyl derivative, while those at ô 2.16 and Ô 2.11 

in the 6,7-dimethylpyrrolo[2,1-b]thiazole case are due to methyl 

groups at positions 6 and 7 respectively.
Apart from the broad pattern of the spectra discussed above, 

however, there exist a number of fine splittings which have been 

resolved and assigned by use of the double-resonance technique.

Once more primary consideration is given to the spectrum of

6-methylpyrrolo[2,1-b]thiazole. The most easily detectable fine 

splitting is that which involves H-3, The signal assigned to the 

latter, under high resolution (I00c<,/s,scale), appears as a double



doublet, each component of the doublet (J — 4,3c,/s.) being weakly 

further split (J = 0.8c,/s.)« The origin of this spin-spin 

interaction can be obtained by irradiating separately at the 

frequency of every other signal in turn. Only when irradiation 

took place at the frequency of the H—7 absorption did the fine 

splitting of the H-3 signal collapse. We can therefore assign 

this splitting to an H-3, H-7 spin-spin interaction.

The signal due to H-7 does not show a reciprocal splitting 

under high resolution, and in fact consists of a rather broad singlet, 

indicating that it may be further split by spin-spin interactions 

of H-7 with other protons in the molecule. The H-7 signal was 

noticeably sharpened, however, on irradiation at the frequency of 

the H-3 signal, though it still did not exhibit the sharpness 

expected when all splittings have been removed.

Accordingly, all signals in the spectrum were observed under 

high resolution with irradiation at the frequency of the H-7 signal. 

This was observed to have an effect on three of the remaining 

signals, i.e., (i) the H-3 double doublet which collapsed to a 

doublet as already mentioned, (ii) the H-5 singlet at Ô 6,97, 

which was considerably sharpened though not further resolved,

(ill) the signal due to the methyl group at position 6 which was 
sharpened and resolved into a symmetrical doublet (J a 0.8 c,/s.), 

Weak H-5, H-7 and CH^-6,H-7 interactions are therefore present in 

addition to the H-3,H-7 coupling already observed.
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Since the methyl group at position 6 gives rise to a doublet 

on irradiation at the frequency of the signal due to H-7, a 

further interaction must exist. The signal due to the other 

partner in this interaction should therefore be detected as a 

symmetrical quartet. In fact the small scale of the splitting 

(J a 0 , 8 c m i g h t  well, through lack of resolution, produce a 

broad unresolved band rather than a quartet. Since neither of 

the H-3 or H-2 doublets show any tendency towards broadness or 

quadruplet splitting, and the possible spin-spin interactions 

of H-7 having been removed by irradiation at the frequency of its 

signal, the observed splitting of the methyl substituent must be 

due to H-5 and we may quote J (CH^-6, H-5) as O.Bc^/s, The 

magnitude of J (CH^-G, H-7) can only be estimated on line-width 

considerations to be ca. 0.5c,/s,or less, since the H-7 and 

methyl signals are not resolved on irradiation at the frequency 

of the absorption assigned to H-5,

Finally, the H-5,H-7 coupling is confirmed by irradiation at 

the methyl signal frequency, when the H-5 signal is sharpened and 

resolved into a symmetrical doublet (J = 1,4 c,/s,). No reciprocal 

splitting is seen at the H-7 signal because of the simultaneous 

interaction of H-7 with H-3, In fact the H-7 signal in the 

spectrum of 6-methylpyrrolo[2,1-b]thiazole cannot be resolved into 

a multiplet by double resonance techniques, since such irradiation 

removes only one of the three spin-spin interactions with which
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H-7 is concerned and the small size of the remaining splittings 

make the resolution of the H-7 complex impossible.

Similar operations were carried out on 5,6-dimethyl- and

6.7-dimethylpyrrolo[2,1-b]thiazole. In the latter case, due to 

the absence of H-7, the CHg-6,H-6 coupling (J = 0,8c,/s) is con

firmed readily and the H-6 , H-7 coupling of course disappears.

It remains, however, in the spectrum of 5,6-dimethylpyrrolo[2,1-^- 

thiazole and the value of the coupling (J H-3, H-7 a 0,8c,/s,)is 

confirmed. Again it proved impossible because of resolution 

difficulties to extract the small CH^-6,H-7 coupling constant.

As a final proof of the H-6,H-7 interaction, a sample of

5.7-dideutero-6-methylpyrrolo[2,1-^thiazole was prepared and its 

n,m,r* spectrum in deuterochloroform obtained under high resolution, 

No further splitting of the H-3 doublet was observed.
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C. Electrophi lie Substitution Reactions of Pyî rolof 2,1-b] thiazoles

(i) Electrophilie substitution reactions have been carried out on 

6-methylpyrrolo[2,1-b]thiazole [being much more readily available 

in workable quantity than the parent compound ( II )] and its 

derivatives, in an attempt to corroborate the results of the 

protonation studies with respect to the preferred site of 

electrophilic attack. In these studies, the site of electro- 

phi lie attack is deduced from the structure of the isolated sub

stitution product, rather than from the structure of protonated 

intermediate complexes. Assignments of structures to sub

stitution products were made on the basis of their n.m.r. spectra.

This is discussed fully in Section 2C (ii) and only the results 

will be alluded to in this section. The investigation may be 

conveniently discussed under the following headings,

(a) Formylation

The introduction of a formy1 group into the pyrrolo[2,1-b]thiazole

nucleus is most conveniently effected by means of the Vilsmeier 
20c, 22Reaction, The attacking entity is a complex of type (XXVII ),

obtained on mixing an N,N-disufostituted derivative of formamide 

(e.g. XXVI ) with phosphorus oxychloride. The aldehyde

function is generated by treatment of the intermediate Vilsmeier 

salt (e.g. XXVIII ) with dilute alkali. Dimethylformamide was 

found to be the most useful formamide derivative in this case.
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22Molloy has prepared a monoformyl derivative of S-methylpyrrolo- 

[2,1-b]thiazole, using a 30% excess of phosphorus oxychloride in 
a solution of dimethyIformamide as solvent, at a reaction temper

ature of -35^0. Repetition of this work, using a basically 

similar method but with important though small variations in the 

working-up procedure, has produced a similar product in higher 

yield (89%) and of apparently more lasting stability to light and 

air. The product isolated in both cases was shown to be 5-formyl- 

6-methylpyrrolo[2,1-b]thiazole (XXIX ),

Further repetition of the reaction, however, with quantitative 

analysis of the crude reaction product by G.L.C. techniques, showed 

the presence of a minor by-product (5% of total), which was shown 

to be 5,7-diformyl-6-methylpyrrolo[2,1-b]thiazole (XXX ) by the 

enhancement of the size of the minor peak after the introduction of 

an authentic sample of this compound into the reaction mixture. In 

order to synthesise such an authentic sample by direct diformylation, 

it was necessary only to adjust the conditions of the Vilsmeier 

monoforraylation reaction in the accustomed manner, i.e., adding the 

substrate to a considerable excess (300%) of the reagent and carrying 

out the reaction at a higher temperature (50^C),

Formylation reactions under conditions favouring monosubstitution 

were also carried out on 5,6-dimethyl- and 6,7-dimethylpyrrolo[2,1-b]- 

thiazole. The expected products (XXXI ) and (XXXII ) were obtained 

in 54% and 86% yield respectively.
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Chemical proof of the structure of the aldehyde ( XXIX ) was 

obtained by its reduction to 5,6-dimethylpyrrolo[2,1-^thiazole 

using a lithium aluminium hydride/aluminium chloride mixture in 

ethereal solution.

(b) Acétylation

6-Methylpyrrolo[2,1-b]thiazole undergoes acétylation readily 

in boiling acetic anhydride. The reaction is of interest in view 

of the ratio of products ( XXXIV ) : ( XXXI13) = 5:2 - obtained from 

the sodium acetate-acetic anhydride cyclisation step in the 

synthesis of 6-methylpyrrolo[2,1-b]thiazole as previously discussed 

(Part lA).
22Molloy acetylated 6-methylpyrrolo[2,1-b]thiazole both in the 

presence and absence of sodium acetate, 5-Acetyl-6-methylpyrrolo- 

(2,1-b]thiazole ( XXXIII) (97%) was isolated in each case, and no 

diacetylation product was detected by T.L.C. analysis of the crude 

reaction product.

The above reactions were repeated in our present studies, 

using G.L.C. analysis of crude reaction products as a more sensitive 

and quantitative means of detecting minor products. The crude 

product of the reaction of 6-methylpyrrolo[2,1-b]thiazole with 

acetic anhydride alone was shown to be homogeneously monoacetylated. 

In a further reaction in the presence of sodium acetate, 5,7-diacetyl* 

6-methylpyrrolo[2,1-b]thiazole ( XXXIVO (ca. 2.5%) was detected in
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the product mixture. This presumeably arises from further 

acétylation of the 5-monoacetyl product. The latter inference 

was substantiated by two further experiments in which 5-acetyl- 

6-methylpyrrolo[2,1-b]thiazole (XXXIIÎ) was treated as above.

In the presence of sodium acetate, ca, 2.5% of the starting 

material was converted to the diacetyl derivative ( XXXIV ), 

whereas in the absence of sodium acetate, no further acétylation 

was detected.

It seems, therefore, that the straight-forward mechanism^ 

e.g. Scheme III, for the cyclisation of 3-aoetonyl-2-metIiyl- 

thiazolium bronide (XXXV) to acetylated 6-methyIpyrrolo-

[2,1-b]thiazole derivatives, in which the pyrrolo[2,1-b]thiazole 
structure is generated and subsequently acetylated, cannot operate 

in this case. We have shown that, in the presence of sodium acetate, 

6-methylpyrrolo[2,1-b]thiazole will be diacetylated to the extent 

of only 2,5% rather than 70% as would be required under Scheme III 

Admittedly, in the cyclisation reaction, the hydrobromic acid 

liberated,on reaction with the acetate ion present in the mixture, 

would generate acetic acid, which would increase the acidity of the 

medium in this case - so that the two situations are not exactly 

comparable. It is possible, therefore, that this increased acidity 

might enhance the reactivity of the attacking entity, in some way 

at present difficult to envisage, so that diacetylation can occur 

after the 6-methylpyrrolo[2,1-b]thiazole has been formed.

■ ASA: i.;;:'-■■ . ___ ■-■■.Vi. 7--, " À , - .  ̂ 7̂"'f# r Ljil- " ;-f
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The other possibility is that a mechanism operates, thereby one 

or both acetyl groups are introduced into the molecule at some 

intermediate stage before the pyrrolo[2,1-b]thiazole structure 

has been formed.

The exact function of the sodium acetate, in promoting 

diacetylation in the simple substitution reactions described above, 

is also difficult to explain. It may be thdt there is sufficient 

acetic acid generated during the reaction to protonate the mono

acetylated. product and thus inhibit further reaction. In this 

case the effect of the acetate ion would be to suppress the ionisation 

of the acetic acid and so minimise this effect. This explanation, 

however, runs contrary to that cited above in the case of the 

cyclisation reaction in which the effect of acid on the reaction 

was assumed to be quite the opposite. Further study will be 

required before the mechanisms operating both in the cyclisation 

and substitution reactions can be elucidated.

Acétylations were also carried out on 5,6-dimethyl- and

6,7-dimethylpyrrolo[2,1-^]thiazole. As expected the products were

homogeneously monoacetylated, products (XXXVIÏ) and (XXXVIII> being 

obtained in good yield - 84% and 92% respectively.

We conclude that acétylation occurs preferentially at position 

5 in pyrrolo[2,1-b]thiazoles. Position 7 also has considerable 

reactivity so that 7-acetylated products may be obtained if position 

5 is blocked.
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(o) Nitrosation

Nitrosation of pyrrolo[2,1-^thiazoles may be effected by

the reaction of the base - or corresponding perchlorate salt -

in dilute aqueous acid solution with sodium nitrite. By this 
22means Molloy has prepared 5-nitroso~6-methylpyrrolo[2, l--^- 

thiazole (XXXIX). The method has been utilised in present work 

to prepare 7~nitroso-5,6-dimethyl»- (XL) and 5-nitroso-6,7- 

dimethylpyrrolo[2,1-b]thiazole (XLI) in good yield.

The reaction is sonewhat unusual in that it is an example of 

an electrophilic substitution reaction of a pyrrolo[2,1-^]thiazole, 

under conditions where the latter must be protonated to a large 

extent. Since an electrophilic attacking species (effectively NO^) 

is unlikely to attack a cation, an equilibrium must exist in 

solution, whereby a sufficient concentration of the free base is 

present to allow reaction to proceed through this form, e.g., Scheme IV, 

The equilibrium concentration need not be large since the electro- 

phi le is sufficiently reactive to convert any free base to nitro- 

sated product immediately, so displacing the equilibrium to allow 

more free base to become available for reaction.

No substitution products other than those cited were detected 

by T.L.C, analysis of crude products. The results confirm the 

superior reactivity of positions 5 and 7 over all others, and of 

position 5 over position 7 in particular.
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(d) Reactions with TriphenyImethy1 Perchlorate
59It is known that the triphenyImethy1 carbonium ion can react 

as an electrophile in two ways viz* (a) by direct substitution 

in an aromatic ring, (b) by overall hydride abstraction from the 

substrate* The reactions of triphenyImethy1 perchlorate in the 

pyrrolo[2,1~J^thiazole series illustrate both these modes of 

reaction*

The reaction with 6-methylpyrrolo[2,1-b]thiazole was carried 

out under conditions favouring monosubstitution, i.e., using 

1 mole of triphenyImethy1 perchlorate per mole of substrate, and 

allowing a solution of the reagent to be added slowly to a solution 

of 6-methylpyrrolo[2,1-b]thiazole in acetonitrile* Nevertheless, 

of the products isolated, 5,7-ditrityl-6-methylpyrroio[2,1-b]- 

thiazole (XLII) was obtained in greatest yield (27%)* Three factors 

may be considered in explanation of this preponderance of disub

stitut ion product, (i) The triphenyImethy1 cation is a strong 

electrophile so that its positional selectivity is thereby diminished, 

(ii) The first trityl group introduced into the nucleus (presumablyX 

at position 5) does not exert an electronic deactivating effect upon 

the ring since conjugation does not extend from the pyrrolo[2,1-b]- 

thiazole ring into the phenyl groups of the substituent. The TC- 

electron density at position 7 remains almost unaltered and further 

reaction may take place, (iii) When a trityl group is introduced 

into a pyrrolo[2,1-Jb]thiazole molecule, a molecule of perchloric acid
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is generated. As the reaction proceeds the acidity of the medium 

builds up until a considerable proportion of the unreacted 

6-methylpyrrolo[2,l-b]thiazole must exist in the protonated form 

and is thus not available for reaction. The basicity of the 

tritylated derivatives is not as high as that of the unsubstituted 

starting material, as is shown by the fact that the former may be 

extracted from the reaction mixture after it has been poured into 

water, whereas starting material is only recovered after basifi- 

cation of this solution. The effect of increasing acidity there

fore, is to reduce the ratio of substratejmonotrityl derivative 

and thus increase the chance of disubstitution, the two (competing 

species possessing similar reactivity towards the reagent.

A mixture of monotritylated products was simultaneously produced 

in 24% overall yield. Chromatographic separation of this mixture 

showed it to consist of 5-trity1-6-methyl-( XLI11 ) and 7-trityl-G- 

methylpyrrolo[2,l-b]thiazole (XLIV ) in a 4:1 ratio. This being 

the only case so far discovered of substitution at position 7 in 

pyrrolo[2,l~b]thiazoles when position 5 is available for reaction, 

the result requires explanation. The first and most likely explan

ation is that a steric interaction is present between H-3 in the 

thiazole ring and the bulky trityl carbonium ion which is approaching 

position 5, No such effect operates for reaction at position 7 

since the structurally equivalent position to C-3 in this case is 

occupied only by the sulphur hetero-atom which carries no substituent, 

This steric inhibition to reaction at position 5 will alter the
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relative energetic balance of the system and discrimination against 

position 7 will be less, Steric effects between the approaching 

trityl ion and the methyl group in position 6 will be considerable, 

but should be of comparable weight for attack at both sites and 

should not affect their relative reactivity appreciably. The 

second factor concerns the reactivity of the attacking species 

and its consequent diminished positional selectivity, from which a 

tendency towards random attack at positions 5 and 7 would result.

The reaction between triphenylmethyl perchlorate and 6,7- 

dimethylpyrrolo[2,1-^]thiazole is of entirely different character. 

Reaction conditions identical with those employed in the previous 

case produced much red polar material. Chromatography of the 

reaction mixture gave a colourless oil which rapidly discoloured 

in air and light, and from which the only isolable stable product 

was identified as triphenylmethane. The latter can only arise 

from overall hydride ion transfer from substrate to reagent. The 

likely source in the molecule of the hydride ion is the methyl 

group at position 7, The carbonium ion ( XLV ), formed on hydride 

ion abstraction, may be stabilised by delocalisation of the positive 

change to some extent (Scheme V ) to give the thiazolium structure 

( XLVI ) of considerable stability. Such effects will therefore 

facilitate the removal of the hydride ion. Nevertheless, species 

of the type (XLVI ), containing an exocyclic double bond, are reactive
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Further reaction with unreacted 6,7~dimethylpyrrolo[2,1-b]thiazole 

is a likely source of the polar material isolated in the reaction.

(a) Nitration

The classical nitrating agent - mixed acid - has proved of

little value in the pyrrolo[2,1-b]thiazole series because of the

high acidity of the medium which would effectively protonate the

substrate. Attempts to use this method have resulted in extensive

decomposition of the starting material because of the strong oxidising
22power of the reagent. Other reagents investigated by Molloy 

include tetranitromethane, and copper nitrate in acetic anhydride 

solution. In the present work the reaction with nitronium 

tetrafluoroborate in acetonitrile solution at -60^0 has been 

employed* In no case has a simple nitro derivative of the 

pyrrolo[2,1-b]thiazole system been isolated. The dipyrrolo[2,1-b]- 

thiazolylether (XLVII), obtained by Molloy from the reaction of 

G-methylpyrrolo[2,l-b]thiazole with tetranitromethane, is in fact 

the only stable product to have been isolated from any df the 

reactions cited. The reaction with nitronium tetrafluoroborate 

produced quantities of greenish polar material, possibly through 

contamination of the reagent with nitrosonium species. Only small 

quantities of less polar yellow material were detected by T.L.C, 

and were not isolable by chromatographic or other means.
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The results of the foregoing investigation into the electrophilic 

substitution reactions of 6-^methylpyrrolo[2,1-^thiazole demonstrate 

that position 5 is the most reactive, position 7 also having 

considerable reactivity* These findings are corroborated by 

various investigations carried out by other w o r k e r s . 0,120 

In these oases, however, reactions were carried out on highly 

substituted derivatives of pyrrolo[2,1-1^thiazole, which in all 

cases carried an aryl group at position 6, owing to the lack of 

success achieved in attempts to cyclise intermediates other than 

phenacylthiazolium salts with aqueous base. Since the parent 

pyri*olo[2,1-b]thiazole is as yet not available in quantities 

which permit an extensive study of its properties, the work 

presented in the previous section may thus be regarded as the 

least ambiguous study of the reactivity of the pyrrolo[2,l-b]thiazole 

system which has so far been carried out.
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(ii) N.M*R. Spectra of PyrroloF^^l~b1thiazole Substitution Products

(a) The n.m.r, spectra of the various substitution products in 

deuterochloroform solution are of importance in the determination 

of their structure (Table VI), As mentioned previously [Section 

2B (ii)] the n.m.r. spectra of pyrrolo[2,1-^]thiazoles are 

relatively simple and the assignments of signals to H-7 and H-5 

are v/ell defined. Hence, to assign a structure to a substitution 

product is merely to detect which of these signals has vanished in 

its n.m.r. spectrum. Any substitution in the thiazole ring would 

be detected in the disappearance of one of the bands of the AB system 

due to H-2 and H-3 and the collapse of the other band to a singlet.

Apart from the signals removed on substitution and those 

introduced if the substituent contains protons, the remainder of 

the pattern of signals show considerable variations of line position 

as compared with those of the unsubstituted pyrrolo[2,1-b]thiazole.

The most general and interesting of these effects, is that which 

occurs in respect of the signal assigned to H-3, when the substituent 

is at position 5 and contains a doubly bonded oxygen atom (acetyl, 

formyl or nitroso), i.e., compounds of types ( A),(B) and ( C).

When tnis situation arises, the doublet due to H-3 experiences a 

considerable down-field shift from the position it holds in the 

spectrum of the unsubstituted compound e.g. Figs, 4A and 4B,

Full details of this comparison will be seen in Table VII, in which 

are compared the chemical shifts of the H-3 and H-2 doublets in
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derivatives, the unsubstituted pyrrolo[2,1-b]thiassolesand their 

relevant perchlorate salts. In all cases it is evident that the 

H-3 signal occurs in these derivatives at lower field than it does 

in the relevant perchlorate salt, i.e., when the thiazole ring 

holds a full positive charge. The chemical shift of the H-2 

doublet is not altered to the same extent, although de-shielded 

somewhat (0.0-0,5 p.p.m.),

When a similar substituent is introduced at position 7, 

however, i.e., in compounds of type ( E ) the H-3 signal is much 

nearer its normal position (ca, Ô 7,3-7.4) e.g. Figs. 40 and 5A,

The position of the signal due to H-2 is not significantly altered 

by this change. The de-shielding effect on H-3 in compounds of 

types CA),(B) and ( C ) is not therefore an electronic through- 

bonds effect but a through-space effect ..similar to that recently 

detected in the cyclopenta[c]quinolizine derivative (XLVIII), in 

which the proton at position 9 is de-shielded by the ester group 

at position 1.

There are two possible explanations for this effect, (i) It 

is a diamagnetic anistropio de-shielding effect arising from the 

assymetry of the magnetic field surrounding the C=0 bond, (ii) The 

effect may also be due to a hydrogen bond between H-3 and the oxygen 

atom of the substituent, It is impossible on present evidence to 

distinguish which of these factors governs the de-shielding in this 

instance - both factors may contribute to it. What is clear,
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however, is that the magnitude of the effect is caused by the 

orientation which the substituent assumes on a time-average 

basis. At first sight the bond between the ring and the sub

stituent should have single bond character, and should permit 

free rotation of the substituent about its axis. Both the 

NssO and C=0 bonds, however, permit polarisation leading to a 

degree of negative charge on the oxygen atom. From the infra

red carbonyl stretching frequencies of the formyl and acetyl 

compounds, (vide infra) it is evident that there exists a con

siderable polarisation. Such effects are enhanced in pyrrolo- 

[2,1-b]thiazoles, since the partial positive charge set up may be 
delocalised in the thiazole ring by means of the conjugation 

which exists between the substituent and the aromatic nucleus.

In the case of the aldehyde (XXIX ), for example, the compound 

will exist in a state intermediate between the structure (XLIX ) 

and the fully polarised form ( L ), Difficulties of peak 

assignment in the infra-red spectra of the nitroso derivatives 

makes the experimental detection of similar polarisation effects 

impossible, but it seems likely that they also operate in this 

case.

Because of the partial double bond character of the ring- 

substituent bond^ rotation of the substituent about the axis of 

this bond will be restricted. In addition, the fractional positive 

charge set up by polarisation of the substituent,will reside on

.a
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the thiazole ring and tend to attract the negatively charged 

oxygen towards it, The tendency of this will be to confine the 

substituent in an orientation such that the oxygen atom is close 

to H-3,e.g.,structure (LI ). Moreover, conjugation of a 

substituent with the aromatic ring necessarily implies coplanarity 

of the substituent axis of symmetry with the plane of the ring.

All these effects combine to bring the nitroso and the carbonyl 

bond into the optimum orientation for anisotropic de-shielding 

or hydrogen bonding effects to operate.

The remaining points to be discussed in connection with the 

n.m.r. spectra of the substitution products in deuterochloroform 

solution are those pertaining to the trityl derivatives of 6-methyl- 

pyrrolo[2,1-b]thiazole. The general effect of the introduction of 

one or two of these groups in the molecule is to move ail signals 

to higher field. This is particularly noticeable in the signal 

assigned to the methyl group at position 6, which occurs at ô 2,25 

normally, but at Ô 1,47 in both monotrityl derivatives (Figs, 5B 

and 5C) and at 6 0,79 in 5,7-ditrityl-6-methylpyrrolo[2,1-b]thiazole 

( XLI I ), i.e., the effect is roughly additive for each trityl group 

introduced. This may be attributed to the shielding effect of the 

magnetic field due to the ^-electron clouds above the plane of the 

phenyl groups. Molecular models show that the steric requirements 

of the large trityl group force it to spend a great deal of time 

with one of the phenyl groups directly over the methyl group. For
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disubstitution, the substituents will be forced to take up an 

orientation such that a phenyl group from one tends to lie directly 

above the methyl group while a phenyl group of the other lies 

directly below it. The methyl group will thus experience the 

sum of the two effects.

The AB system due to H-2 and H-3 also experiences a shielding 

effect, H-3 being appreciably shielded when the trityl substituent 

is at position 5, H-2 experiences a smaller effect with trityl

groups at both positions 5 and 7, which again is approximately 

additive for disubstitution.

(b) The spectra of the acetyl, formyl and nitroso derivatives in 

trifluoroacetic acid show no evidence of protonation at carbon, 

i.e., there are no signals in the methylene region Ô 4-6 (Table Vm).

Since the position of the AB doublets, when compared with those in 

the spectra of the pyrrolo[2,l-b]thiazolium perchlorates, shows that 

protonation has occurred, it must be assumed that protonation has 

occurred at the oxygen atom of the substituent, giving rise to cations 

of the types (LXI) and (LIII), The signal due to the hydroxyl proton is 

not detected,presumably to rapid exchange with the solvent protons. As 

expected, the deshielding effect of the substituent at position 5 on H-3 is 

removed and the signal due to H-3 moves slightly up-field, whereas 

the H-2 doublet moves markedly down-field under the influence of 

the positive charge residing on the thiazole ring, so that the pair 

of doublets are now much closer together. In the formyl derivatives
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TABLE VII

Comparison of the chemical shifts of H-3 in pyrrolo[2,l~b] 
thiazoles, their respective perchlorate salts, and their 
substitution products.

Ô H-3
---- i.

Pyrrolof 2,1-blthiazole Base Perchlorate Derivative

6-Methyl

6,7-Dimethyl

7.22
It
II

7.14

8.20
II

II

8.17
II

8 .5 9  (5-CHO)
8 .7 9  (5-COCH )

8.86 (5-NO)
8.64 (5,7-di CHO)
8.82 ( 5 , 7 - d i  COCH )

8 .50  (5-CHO)
0.79 (6-COCH.)o
8.87 (5-NO)
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the signal of the methylene proton of the hydroxymethylene group 

appears in the range Ô 8,2-8.4,

In the spectra of 5-formy1-6-methyl- ( XXIX ) and

5-acetyl-6-methylpyrrolo[2,1-b]thiazole (XXXIII) in deuterotrifluoro

acetic acid, however, the signal assigned to H-7 (Ô 6*94 and Ô 6,95 

respectively) disappears. This can only arise from deuterium- 

hydrogen exchange through the medium of deuteronation at position 7, 

Presumably, protonation can also occur at position 5 to some extent, 

which explains why de-acetylation can be effected in boiling 

mineral acid, H^7 is not exchanged in 5-nitroso-6-methyl- 

pyrrolo[2,1-b]thiazole, however, and the latter may not thus undergo 

de-nitrosation with acid.

Of the tritylated derivatives, the spectrum of 7-trity1-

6-methylpyrrolo[2,1-b]thiazole (XLIV ) is as expected, showing a 

methylene signal at ô 5,25, corresponding to protonation at 

position 5, The spectrum appears to be that of a homogeneous 

species and is invariant. The spectrum of the 5-trityl isomer, 

however, is of different character. In thin case, a mixture of 

species is detected by the appearance of two separate signals at 

Ô 1,53 and ô 2.15 in the methyl region. Initially the up-field 

signal is of much greater intensity (Pig. 6A), but declines during 

oa, one hour, with a corresponding increase in the signal at lower 

field (Pig. 6B). Accompanying the decline of the signal at ô 1,53
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is the demise of a signal at Ô 4.36, Since the ratio of intensities

of these signals is 3s2 respectively, the latter is evidently the

signal due to a methylene group formed on protonation at position 7,

The methyl signal of increasing intensity (6 2,15) is assigned to

the 6-methyl group of the 5H-form ( LV ), since the change in
2 3hybridisation at C-5 on protonation (sp ̂— >sp ) would move the

trityl group out of the plane of the ring, and thus diminish the

phenyl group TU-electron shielding effect on the methyl group.

There is not immediately, however, a concomitant increase in

intensity of a signal in the region 6 5,2 expected for a methylene

proton at C-5, A peak at 6 6*60, however, does show an increased

intensity during this period and may be assigned to the 0-5

methylene proton on the basis of studies of molecular models.

These demonstrate that such a proton, by the necessity of steric

requirements, would be situated for a large proportion of its

time close to the perimeter and in the plane of one of the phenyl

groups, thus experiencing a de-shielding effect - becoming in

effect an aromatic proton. This explanation requires a down-

field shift of approximately 1,4 p.p.m. relative to the expected

position. The molecular models shovf that the proton, at its

closest approach to the phenyl ring, is between 4 and 5 i? from

the centre of the phenyl ring and in the plane of the ring,
118

Theoretically this should correspond to a down-field shift of 

the signal due to the proton of greater than 2 p.p.m. This
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supports tho assignment, since tlio proton, on a time-average basis, 

will not experience this maximum effect but only a proportion of it.

The behaviour is thus explained by transformation of the 

7H*^ation (LIV ) to the 5H~cation ( LV ), passing through the 

free base as turntable (Scheme VI ) . When the conversion of the 

. 7H"Oation to the SH'-cation is complete, however, the spectrum 

does not then remain static, since yet a third signal in the 

methyl region (6 2,50) begins to appear, accompanied by the 

rise of a signal of comparable intensity corresponding to two 

protons at Ô 5,25, and a decrease of the signal assigned to the 

methyl substituent of the 5H*cation ( LV ), The signals of 

the new series (Fig* 6C) correspond to the 6-methyl and 5-methylene 

signals of the 6-methyl-5H-pyrrolo[2,1-b]thiazolium cation itself 

(see Table IV), The second reaction, which is much slower, taking 

ca* 24 hours for completion, must therefore be a de-tritylation 

(Scheme VI).

The signals in the aromatic region, during the changes discussed 

above, show a predictable complexity in view of the number of species 

present, and are also partly or wholly obscured by the large phenyl 

signal. In consequence, no attempt was made to assign any of the 

peaks in this region to H-2 or H-3 in any of the species.

The relative proportions of the various species present during 

the transformations were determined by integration of the signals. 

These values were plotted against the reaction time and a rough
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rate-curve was p lo tte d  (Fig, T ), It was interesting that, 

when a similar experiment was carried out in deuterotrifluoroacetic 

acid and the course of the reaction was followed as before, the 

rate of the initial reaction was almost a half of that in 

trifluoroacetic acid. Since the breakage of a C-H or C-D 

bond is necessary for the transformation of a SHCorD)** to a 

7K(or D)- cation, the slower reaction in the deutero-acid might 

indicate a kinetic isotope effect. The reaction conditions were 

not sufficiently constant, e,g,, temperature, however, for a 

definite conclusion tobe mado on this point.

Studies described in Section 2B(i) showed that no hydrogen- 

deuterium exchange was observed in pyrrolo[2,1-b]thiazolium 

perchlorates dissolved in deuterotrifluoroacetic acid, v/hen 

equilibrium through the free base is impossible. Similarly it 

was found that in this case addition of perchloric acid efficiently 

froze the 7H- cation to 5H- cation transformations at any stage, 

dependent upon the time of addition of the acid. Accordingly, 

5~trityl-6"*methylpyrrolo[2,1-^thiazole (XLÏII ) was dissolved in 

a mixture of trifluoroacetic acid (95%) and perchloric acid (5%), 

The resulting spectrum showed the presence of the 7H- (LIV )

(85%) and 5H- ( LV ) (15%) cations. The relative amounts can 

thus be taken as the initial ratio of the concentrations of the 

species before the 7H- to 5K- cation transformation commences*
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5-Trityl-6-methylpyrrolo[2,1-b]thiazole is predominantly 

protonated at C-7 initially because of steric hindrance to proton 

attack at C-5 which carries the bulky trityl group. The trans

formation of the 7H- cation to the 5H- cation occurs because the 

latter, in which the methyl group at position 6 is conjugated 

with the thiazolium ring and thus aids the delocalisaiion of the 

positive charge, is the more thermodynamically stable structure. 

There is also the possibility of a steric interaction between the 

trityl group dt position 5 and both H-3 and the methyl substituent, 

which would be relieved by protonation at position 5, the trityl 

group being thereby moved out of the ring-plane, A further driving*- 

force will arise from the possibility of de-tritylation which cannot 

occur through the 7H- cation. The 5H- cation is of course equiva

lent to the -complex intermediate which is formed during the 

tritylation of 6-methylpyrrolo[2,1-J^thiazole at position 5, 

and is therefore the intermediate through which the reverse 

reaction will pass. This is also the explanation of the relative 

stability of 7-trityl-6-methylpyrrolo[2,1-b]thiazole to acid.

Here the 6H- cation ( LVI ) is again the most stable protonation 

product, but is not equivalent to the cS -complex intermediate of 

the substitution reaction. The latter is the 7H- cation ( LVI I ) 

in this case.



8 4 .

I
M
M

W
H*H*

g
M

W
H*

MM
W

>
<W

X X

w
X

>
H*
H*H*

MM
(—(W

H*H‘w

N
X

>
H*w

O

%

H*!3
f+yH'H)
M
Co
§
(Drt-H*
O

P
MW
H-
P

S*(D
3
a

I
o
m
M

S*H'
(4)rî*

/*N
W

to 00CaJ'* CO 
ÈO . w  C 

M l î̂ Oi

/-s 00 W »" c to co
CO 00

co
to Ol en n

1-J
m i-j
O')

co co
cn

j-j

cn /*N
O
w

1-j
CO Mto

en
CD

M
co

<i *o co
co co o o 00

M

§
<î
w



85,

* to
P.
II
0.IMm
S
{);McfH-•aH(Dr+

a M W CQP P H '
M ft cf (RP H* 0 PCO O y PCO P p f-»rf o TO
0 0 rfrf TO H* H*pr 0 P
(D P P f tH *rf O OH* 0 O Pto P P rf
CD rf 0P H * ft0 cf yrf H* s PP 4 0 ycf 0 f t 0
I P Cf ftTO X p4 TO 0P H* ftM o rfP ft O0 cfCO 0 H *dP 0 yy rf o0 y rfA 0 O0 TO Py § TO

cf i Cf
0 p Oo PM 0 f tH. ©P rf f tm 0O rf0 ft Orf PH* OP ,Q PD* C yTO 0 ftO TO oy p*drf oH* H )
OP TOTO P• f t

COt+H-rf
§H-
CO%
aI(+(DP.
PcfI
1

g
g
COIQ4 M
gP*
O§0
CO
►ci

1
rV01i§
II(DP,5401
'n
0rf

1rfH*5
Prf
OP3s

H.H«H*v-'

to
0*>o.

IMW
w
H*H.

w
H*

g< g
wC=NH'H*H*w

cn
COOi

*

to
03
CO

to
Ifb.CD

to
00

to
00

o
to
CO00

to
COCO

II
‘■dCD

Ch ChC-Nto CO to to00 '• <3 V. <1 *• o Xto * CO « 03 • to . 1to cn 00 w  cn w  CX) toCO tn <1 cft ft ft 1̂5. ft
o o O o
C4 C4 u/—X ChCO CO to00 00 N. 00 03 00 <* CO tuto . to . '• « to . I00 W  o vv o to o v-' CO 03S-* 03 COft ;|3. ft ft lf3i ft
o o ob ?Cil

?•o
?CJl
(DJ03

?
a
3
‘oaH.
1HW
C«

* O

<0I<1

X

i
2Mf4
o
§cfp.

' i '-i- -i -■



(iii) Infra-Red Spectra of Pyrroior2^l~b1thiazole Carbonyl Derivatives 

The CkO stretching frequencies of the acetyl and formyl deriva

tives of pyrrolo[2,1-b]thiazoles were obtained on the basis of 

solvent-shift studies, in which the infra-red spectra of the 

derivatives in 1,1,2,2-tetrabromoethane, acetonitrile and tetra- 

chloroethylene solutions were examined. The solvent-shifts M

-1 'Idetected were in the region of 15-20 cm, to lower frequency in â:

passing from tetrachloroethylene to 1,1,2,2-tetrabromoethane oiIsolutions,
''The data show that the carbonyl double bond stretching frequency 

on these derivatives (Table ÏX) is in general low, being in the \

region of 1640 cm,  ̂for aldehydes and 1620 cm.^ for ketones in -o

tetrachloroethylene solutions♦ These may be compared with the

frequencies obtained^^:For benzaldehyde (1708 cm, and acetophenone l|
-1 ,'0 (1692 cm, ) in carbon tetrachloride solution which may be con-

sidered "normal" frequencies for aromatic carbonyl compounds. i
n

These results give a good indication that the pyrrolo[2,l-b]thiazole 

carbonyl derivatives are abnormally highly polarised. The I

increased polarisation arises from the possibility of delocalisation
■4

of the fractional positive charge on the carbonyl carbon atom through j

conjugation of the carbonyl group with the aromatic nucleus, thus
r -Ipartly forming the stable thiazolium structure [see Section 2 C(ii) (a)j,

4Though the carbonyl groups of benzaldehyde and acetophenone are also E
'■Î

conjugated with the aromatic ring, the positive charge which would

arise from polarisation of the substituent could not be so effectively '4
Idelocalised due to the relative instability of structures of the type %

(LVIII ), Polarisation effects are thus small in these cases,
.
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TABLE (IX)

C»Q Stretching Vibrations of Carbonyl Derivativea of Pyrrolor2,l-b1thiazole(cm * )

Compound T.B.E,, MeCN, T.C.E.,

(XXIX) 1625 1630 1645

(XXXII) 1619 1630 1651

(XXXI) 1625 1634 d. 1646, 1666

(XXXIII) 1609 1620 1631

(XXXVIII) 1610 1617 1623

(XXXVII) d. 1614, 1631 d. 1617, 1638 d. 1633, 1654

d as doublet
T.B*B. w 1,1,2,2-Tetrabromoethane solution 
T.C.E, » Tetrachloroethylene solution 
MeCN K Acetonitrile solution
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D# Heterocyclic Thlocarbonyl Compounds

(x) The synthesis of thioformyl and thioacetyl derivatives of 

pyrrolo[2,1-b]thiazole, indolizine and indole arose out of 

considerations of the through-space carbonyl de-shielding effect 

described in section 2C (ii). It was of interest to determine 

whether the substitution of sulphur for oxygen in the carbonyl 

group had any effect on the extent of the de-shielding. The 

preliminary results of this enquiry are described in section 

2D (ii).

In view of the relative ease of preparation of aldehydes in 

the pyrrolo[2,1-tJthiazole, indollzine and indole series by means 

of the Vilsmeier reaction, a variation of this procedure, employing 

hydrosulphide ion rather than hydroxide ion, to decompose the 

intermediate Vilsmeier salt e.g. ( LIX ) was investigated as a 

possible thioaldehyde synthesis. The dimethyIformamide-phosphorus 

oxychloride reagent was used as before [Section 2 C (i) a]. This 

procedure was successful in the preparation of 5-thioformyl-6- 

methylpyrrolo[2,1-b]thiazole ( LX ), 3-thioformyI-2-methylindolizine 

(LXXIIb),and 3-thioformyl-l,2-dimethylindole (LXVIb) from the 

respective unsubstituted heterocycles in high yield. When dimethy1- 

acetamide was employed in a reaction with 1,2-dlmethylindolizine, 

3-thioacetyl-l,2-dimethylindolizine (LXVb ) was obtained in good 

yield. All of these thiocarbonyl compounds are stable red to 

orange crystalline solids.
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The monomeric structures assigned to these products were 

verified by determination of their molecular v/eight by vapour 

pressure osmometry of benzene solutions. Mass spectrometric 

molecular weight determinations confirmed these results, and the 

presence of a strong <M-45)^ peak in the mass spectra of the 

thioaldehydes (LX ), (LXIHb) and (LXVIb) is strong evidence for 

the existance of a thioformyl group in each molecule.

Similar reactions, carried out on pyrrole and indole, failed 

to produce stable thioaldehydes, though in the former case the 

transient presence of a thioformyl derivative was inferred from 

the deep red colour of the ether extracts of the crude reaction 

products.

The thioaldehyde (LXIIIb) was also prepared by two other routes,
36It has been shown that indolizines, when allowed to react with 

triethylorthoformate in the presence of acid, readily form 

ethoxyraethyleneindolizinium salts e.g. ( LXI I ), which 

can be converted into the corresponding aldehyde. Accordingly

3-ethoxymethylene~2-methylindolizinium perchlorate (LXII ) was 

heated at 85^C for a short time with sodium hydrogen sulphide solution, 

after which the thioaldehyde (LXIIIt) could be isolated from the 

reaction mixture in 33% yield.

The second method involved a direct thionation of 3-formyl-

2-methylindolizine (LXIIIèusing phosphorus pentasulphide. The

thioaldehyde (LXIIIb) was isolated in 59% yield.
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The stability of these thiocarbonyl compounds, particularly 

the thioaldehydes, is interesting in view of the scarcity of 

examples of their type in the chemical literature. Much work over

I

a

a number of years has been concerned with the attempted synthesis 

of simple thioaldehydes such as thiobenzaldehyde , and 

thioformaldehyde but, though some of the earlier workers claimed 

success, no authentic stable member of these series has been 5
- ,;V

prepared. The only authentic thioaldehydesprepared before the J■Ipresent study are the compounds <LXVÏÏ) and (LXVIIÏ), the former an important '

intermediate in Woodward's synthesis of chlorophyll. (See Section IB). §
3The CssS covalent link is not energetically favoured, and in J-l

most simple thiocarbonyl compounds e.g. thioformaldehyde, the ^
Itransient double bond opens out and polymerisation, yielding linear -g

or cyclic polymers, results* The products isolated in early J

I

attempts to form the thio-analogues of simple carbonyl compounds 1
are normally trithianes similar to compound (LXIX ),

An explanation for the stability of the thiocarbonyl compounds

prepared during the present investigation is clear from a study it
of the carbonyl stretching frequency of their oxygen~analogues,

In 5*“formyl-*6~methylpyrrolo[2,1-b]thiazole (XXI)^, 3-formyl-2- .
^ • ' '4methylindolizine (LXIII^ and 3-formyl-l,2-dimethylindole (hXVIb )

-1 -1 -1 the values are 1645 cm, , 1630 cm, , and 1667 cm, respectively

in tetrachloroethylene solution. These are considerably lower
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than the frequencies for typical aromatic aldehydes e.g.
•*- Xbenzaldehyde - 1708 cm. in carbon tetrachloride. The carbonyl 

group in these heterocyclic derivatives, must therefore be 

polarised to a certain extent through conjugation of the sub

stituent with the aromatic ring. [See Section 2 C (iii)]. This 

conjugation should be a function of the ring itself and similar 

effects would be expected to occur for C»S bonds. Since the 

instability of the thiocarbonyl double bond arises from its 

tendency to open out, it is obvious that a more polarised bond, 

i.e., having reduced double bond character, will be more stable 

because that tendency is checked. The stability of the thio

aldehydes ( LX ), (LXIIIb) and (LJCVIb)j and the thioketone (LXVb ) 

may thus be attributed to the polarisation of the thiocarbonyl 

double bond, by analogy with similar polarisation effects in the 

corresponding aldehydes and ketones. Infra-red spectroscopic 

studies of the thioaldehydes fSection 2 D (iii)] have shown that

the C=8 stretching frequencies in these compounds may occur at 
-1ca, 950 cm. , In the absence of data on "normal thioaldehydes" 

for comparison, however, it is impossible to say whether or not 

these frequencies are "abnormally low" and thus whether they indicate 

extensive polarisation of the C=8 bond.
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(ii) N.M.R. Spectra

Apart from some important variations in the position of some 

signals, the n.m.r. spectra of the thiocarbonyl compounds in 

deuterochloroform solution (Table X) are similar in pattern to 

those of their carbony1-analogues, The major differences lie

in the positions of the signal assigned to the thioformyl proton 

and of the signal due to the peri-proton [i.e.,the proton bearing 

a similar structural relationship to the thiocarbonyl group as 

do the peri-protons of napthalene to each other viz:- H-3 in

5-thioformyl-G-methylpyrrolo[2,l-b]thiazole (LX ), H-5 in

3-thioformyl-2-methylindolizine (LXI33b) and H-4 in 3-formyl-l,2- 

dimethylindole (LXVIb )] . Both of these signals experience 

considerable down-fieId shifts on substitution of sulphur for 

o]cygen in the carbonyl group. In the spectra of 3-formyl-2- 

methylindolizine (LXIHa) and 3-forrayl-l,2-dimethylindole (LXVIa ), 

de-shielding of the peri-proton is detected and is attributed to 

a through-space interaction with the formyl group, by analogy 

with the results obtained with pyrrolo[2,1-b]thiazoles. In

compound (LXIHa) the doublet due to H-5 (Jk6,7c,/s,)occurs at 

6 9,82>i,e,,ca. 2.70 p.p.m. down-field of the remnant of the 

pyridine ring aromatic complex. The extent of this de-shielding 

is somewhat greater than in 5-formyl-6-methylpyrrolo[2,1-b]thiazole 

(XXIX ) where the H-3 doublet occurs at 1.70 p.p.m. down-field of 

the signal due to H-2, This may be explained by the closer proximity
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of H-5 to the 3-forrayl group in the indollzine derivative, caused 

by the difference in bond angles at the bridge-head between a fused

6-5 ring system and a fused 5-5 system - the angle (C-5)-N~(C-3) in 

indollzine being more acute than the angle (C-3)-N-(C~5) in 

pyrrolo[2,1-b]thiazole,

In 3-formyl-l,2-dimethylindole (LXVIa) the H-4 signal is 

approximately 1,0 p.p.m. down-field of the aromatic complex assigned 

to H -5 , H-6 and H -7 , The de-shielding effect is reduced in this 

case because the conjugativa effects in indole are such that the 

fractional positive charge set up by polarisation of the carbonyl 

double bond cannot be delocalised into the benzene ring to the 

same extent as in the pyridine ring of indolizines or in the thiazole 

ring in pyrrolo[2,1-Jb]thiazoles. The oxygen atom carrying the 

corresponding fractional negative charge, therefore, is not attracted 

into an orientation favourable for interaction with H -4 . The 

apparently smaller degree of polarisation of the carbonyl double bond 

in the aldehyde (LXVh.)̂  shown by its comparitively high carbonyl 

stretching frequency (1667 cm, ^), means also that the ring-to-formyl 

substituent bond possesses less double bond character than In indoli

zines and pyrrolo['2,1-b]thiazoles, and the rotation of the formyl 

group is less restricted. The formyl group thus spends a smaller 

fraction of time during its rotation in an orientation such that 

the CssO bond is directed towards H -4 ,



FIGS
CHS

10-45
7-00

B ^n.
CHS

251

11-40

CHS
ir y Me
«• 369 2-60

7-3311-44

s (pp.m.)



Comparison of the spectra of the thioaldehydes (LX),

(LXIIIb) and (LXVIb) [Figs. 8A, 8B, 8C] with those of

the corresponding aldehydes (XXIX), (LXIIIa) and (LXVIa) shows that 

the thioformyl proton signal experiences a down-field shift relative 

to its formyl analogue of 0,77 p.p.m., 0.76 p.p.m. and 1.31 p.p.m. 

respectively. The diamagnetic anisotropic de-shielding effect 

of the Cs=S bond is therefore significantly greater than that due 

to the carbonyl double bond.

A similar down-field shift is detected in the peri-proton 

signals relative to the corresponding signals in the aldehydes viz:- 

1,17 p.p.m., 1.58 p.p.m. and 0,65 p.p.m. respectively. This indicates 

that the through-space de-shielding effect in general - in both 

thiocarbonyl and carbonyl compounds - may owe more to diamagnetic 

anisotropic effects than to hydrogen bonding. A hydrogen bond 

is more likely to be set up between oxygen and hydrogen atoms than; 

between sulphur and hydrogen due to the greater electronegativity 

of oxygen,

The n.ra.r. spectra of the thioaldehydes in trifluoroacetic 

acid (Table XI) show no signal which can be assigned to a methylene 

group corresponding to protonation in the aromatic ring, or to a 

proton bonded to nitrogen. Protonation must in consequence occur 

at sulphur. The thiocarbonyl sulphur atom is the most likely site 

since it carries a fractional negative charge due to polarisation 

effect mentioned earlier. Since no signal which can be assigned 

to a thiol proton is detected in the spectra, however, rapid
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TABLE X

Chemical shift data (ô values in p.p.m. downfield of the 
Tetramethylsilane signal) in the n.m.r. spectra of thiocarbonyl 
compounds and their oxygen analogues in deuterochloroform,
J values are in c./sec,

Proton Signals (6)

n
Aromatic Signals

Compound

(LXIIIb)

(LXIIIa)

(LXVb)

(D(Va)

(LXIV)

(LX)

(XXIX)

Thiazole/Pyridine/Benzene
Ring

11.40d (H-5)[j(H-5,H-6)
6.7]

Cx*s centred at 7,55 and
7.10

‘9.82d (H-5)[J(H-5,H-6)
7.3]

Ox. centred at 7.20

11.82d (H-5) [j(H-5,H-6)
7.1]

Cx.s centred at 7,50 and
7.00

f10.05d (H-5)[j(H-5,H-6) 
1 6.4]
I Cx, centred at 7.10

10,04d (H-5)[J(H-5,H-S)
7.1]

Cx. centred at 7,10

9,76d (H-3)[J(H-3,H-2)
4.1]

_7.OOd (H-2)[j(H-2,H-3)
4.1]

' 8.59d (H-3)[j(H-3,H-2)
4.1]

6,89 (H-2)[j(H-2,H-3)
4.1]

Pyrrole Ring Substituent

6,50 (H-1)

6.38 lH-1)

6.35 (H-1)

.40 (H-7)

6.26 (H-7)

10.69 (CHS) 

2.51 (Me~2)

9.93 (CHO)

2.58 (Me-2)

3.16 (CSMe) 
2.56*(Me-2)
2.25* (Me-1)

2.57* (COMe) 
2.48* (Me-2) 
2,21 (Me-1)

2.61 (COMe) 
2.57 (Me-2)

10,45 (CHS) 
2,44 (Me-6)

9.63 (CHO) 
2.50 (Me-6)

(S..':
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TABLE X contd,

Proton Signals (6)
Aromatic Signals

Compound

(LXVIb)

(LXVIa)

Thiazole/Pyridine/Benzene
Ring

Cx, centred at 8,95 (H-4) 
Cx. centred at 7,30

{Cx, centred at 8,30 (H-4) 
Cx, centred at 7.30

 1
Pyrrole Ring Substituent

11.44 (CHS) 
3.69 (Me-1) 
2.60 (Me-2)

10.13 (CHO) 
3.55 (Me-1) 
2.50 (Me-2)

1See also table VI
Indicates tentative assignment.

Unless otherwise stated values refer to singlet absorptions 

d a doublet; Cx. « complex band.
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proton exchange between the thiol group and the solvent must 

take place.

Two isomeric protonated species are possible In each case - 

structures (LXX), (LXXI), (LXXIÏ), (LXÏIX), (LXXIV) and (LXXV) 

respectively. In fact the spectra of 5~thioformyl-6~methylpyrrolo- 

[2,1-b]thiazole (LX) and 3-thioformy1-2-methylindollzine (LXIIIb) 
in trifluoroacetic acid consist of superposed spectra which can 

be assigned to structures of type (LXX) and (LXXI),

We consider first the spectrum of the thioaldehyde (LX)

(Fig, 9A). Two separate AB systems, consisting of doublets 

centred at 08,60 and 67,89, and also at 68.39 and 67,71 are detected.

(J 4,1 c,/s. in all cases). Two signals also occur in the methyl 

region at 62,54 and 62,72, while two singlets assigned to methylene 

protons of methylene-thiol groups (hereafter for simplicity, referred 

to as methylene-thiol protons) occur at 68,55 and 68,98, The 

intensity relationships of these signals is such that the first 

of each of the above sets is attributed to structure (LXX) and 

the second to structure (LXXI), The assignment is based upon the 

chemical shifts of the signals due to the methylene-thiol protons 

of the two forms. The signal due to such a proton would be 

expected to occur at lower field in structure (LXXI) than in structure 

(LXX), since in the former situation the proton would experience 

ring-current de~shielding effects from the thiazolium ring and would 

also be in close proximity to the positively charged nitrogen atom. Inte

gration of the spectrum shows that the species are present in the
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ratio (LXX );(LXXI ) - 5:2

Similar arguments apply to the spectrum of 3-thioformyl~2- 

methylindolizine (LXIIIb) in trif luoroacetic acid (Fig, 3B ) • Here 

doublets (J « 6,7c./s,)centred at 69,30 and 69,00, singlets at 

68,56 and 69,08, and singlets at 62,53 and 62,72 are assigned 

to H-5, to the methylene-thiol proton and to the 2-methyl protons 

in the protonated species (LXXI3) and (LXXIU) respectively. The 

species co-exist in the ratio 7:4 in this case.

Exceptionally the spectrum of 3-thioformy1-1,2-dimethylindole 

(LXVIb) (Fig, 90) in trif luoroacetic acid is that of a homogeneous 

species. Though the signals may be assigned to the various protons 

of cations (LXXIV) or (LXXV ), as in Table XI, it is not clear to 

which of the structures they belong.

The spectrum of the thioketone (LXVb) in trifluoroacetic acid 

also appears to consist of superposed spectra of cations of type 

(LXXVI) and (LXXVIII, Two doublets (J » 6,9c«//îjf)centred at 6 9.73 

and 6 9,14 may be assigned to H-5 in the two cations. Assignment 

of the individual signals to their respective cations is difficult, 

however, since neither contains a methylene-thiol proton on which to 

base arguments similar to those cited above. None of the three 

bands in the methyl region of the spectrum show a large separation 

between components though the two lower field bonds (ca, 6 3.20 and 

6 2,70) are resolved into asymmetric doublets - the separation of 

components being 0.03 p.p.m. and 0.07 p.p.m. respectively. It
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would appear that in this case the methyl protons of the protonated

thioacetyl group in either of the cations are nearly magnetically

equivalent to those in the other.

The spectra of the thioaldehydes in deuterotrifluoroacetic

acid are identical with those in trifluoroacetic acid except

that the signals, assigned to H-1 and H-7 in the indolizine

and pyrrolo[2,1-b] thiazole ( LX ) derivatives respectively,

disappear slowly over one hour. C-protonation must thus occur

to some extent and there must exist an equilibrium between S-protonated

and C-protonated forms which passes through the unprotonated aldehyde

at an intermediate stage, though the equilibrium concentration of

the C-protonated form must be below the limit of detection by

n.m.r. spectroscopy. It follows also that there must exist an

equilibrium between the S-protonated isomers,

(iii) Infra-Red Spectra

The infra-red spectra of the three thioaldehydes and the
** X "*** Xthioketone were measured over a range 1400 cm* to 800 cm, , in a 

series of solvents of different polarity, in an attempt to detect the 

thiocarbonyl stretching frequency by means of solvent shifts.

(Table XI-I)..

In the thioaldehydes ( L5C ), (LXIIIb) and (LXVIb ) the only

absorption which was markedly solvent dependent occurred in the
-1region 980-950 cm. « This was tentatively attributed to the 0=8. stretching

frocuoncy in each case. The actual shift from cycloho:;sane to
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TABLE XI

Chemical shift data (Ô values in p.p.m. downfield of the 
Tetramethylsilane signal) in the n.m.r. spectra of thiocarbonyl 
compounds and their oxygen analogues in trifluoroacetic acid,
J values in c./sec.

Proton Signals (5)
Aromatic Signals

Compound

(LXIIIb)-

(LXIIId)-

Thiazole/Pyridine/Benzene
Ring

9.20d (H-5)[j(H-5,H-6)
6.7]

S.OOd^ (H-5)[j(H-5,H-S)
6.7]

Cx, centred at 8.00

9.67d (H-5)[J(H-5,H~0)
6.5]

Cx, centred at 8,00

Pyrrole Ring

7.08 (H-1)

.94 (H-1)

Substituents

S.56 (CHSH) 
9.03^(CHSH) 
2.53 (Me-2) 
2.72^ (Me-2)

8.40 (CHOH) 
2.56 (Me-2)

(LX)

(XXIX)

(LXVIb)

8,60d (H-3)[j(H-3,H-2)
1 r 4.0]

8.39 d (H-3)[j(H-3,H-2)
4.0]

7.89d (H-2)[j(H-2,H-3)
1 r 4.0]7.71 d (H-2)[j(H-2,H-3)

4.0]
S.62d (H-3)[j(H-3,H~2)

4.1]
7.63d (H-2)[j(H-2,H~3)

4.1]

Cx. centred at 8,20 (H-4) 
Cx, centred at 7,90

7,13 (H-7)

6.94 (H-7)

8.55 (CHSH) 

8.98^(CHSH) 

2,54 (Me-6) 

2.72 (Me-6)

8.30 (CHOH)

2.56 (Me-6)

9,54 (CHSH) 
4.08 (Me-1) 
2,91 (Me-2)
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TABLE XI contd.

Proton Signais <ô)
Aromatic Signals

Compound

(LXVIa)

(LXVb)

Thiazole/Pyridine/Benzene
Ring

J Cx. centred at 8,30 (H- 
j_Cx. centred at 7.70

9.73d (H-5)[j(H-6,H-5)
7.0]

9,14^d (H-5)[j(H-6,H-5)
7.0]

Cx. centred at 8.00

Pyrrole Ring Substituents

9.08 (CHOH) 
4.02 (Me-1) 
2.90 (Me-2)

3,19 (CMeSH)

2.42 (Me-1)

2,06 (Me-2) 
2.73^(Me-2)

Indicates signals due to the minor protonated species. 

See also table VIII.

Unless otherwise stated values refer to singlet absorptions, 

d = doublet; Cx. = complex band.

The signals due to the protonated thiocarbonyl' or carbonyl substituents 

are assigned to the protons or groups of protons which are underlined 

in the above table.
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^  11,1,2,2-tetrabromoethane is approximately 15 cm to lower frequency.

No absorption could be assigned to the C=S stretching vibration

in the thioketone (I^Vb), however, since no soIvent-dependent peaks

were detected in the expected region of the spectrum. This
105behaviour is similar to that observed by Bellamy' in,the case 

of thiobenzophenone, and explained by the supposed non-polarity of 

the C=8 bond* The latter supposition does not correspond with the 

observed dipole moment of thiobenzophenone viz., ca, 3,0D,

In the case of the thioketone (LXVb) it is unlikely that the 

C=S bond is non-polar - in fact it is likely to be at least as 

polar as the thiocarbonyl bond in the aldehydes of the same series.

It would seem, therefore, that the solvent shift method may 

be of limited use in the detection of C=S stretching frequencies.

The values ascribed to the latter in the thioaldehydes (LX), (LXIIIb) 

and (LXVIb) can only be regarded as tentative until more evidence has 

been collected for similar compounds.

(iv) The ultra-violet spectra of solutions of the thiocarbonyl 

compounds (LX), (LXIIIb), (LXVb) and (LXVIb) in methanol and 

cyolohexane have been obtained (Table XIII). These show in all 

cases an intense band (Cca* 30,000) in the region 380~450m[A, 

corresponding to the observed orange-red colour of these compounds. 

The weak n-TC transition of the thiocarbonyl group was not detected 

under the conditions of concentration used in this preliminary 

investigation.
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TABLE XII

Apparent 0=8 Stretching Frequencies of Thiocarbonyl Compounds (cm )

Compound Cyclohexane T.C.E. Benzene Chloroform T.B.E Nujol

(LX) 973 972 966 958 958 955

(LXIIIb) 978 973 966 960 956 950

(LXVIb) insol. insol, 984 979 975 965

(LXVb 858
1020

853
1021

T.C.E, = Tetrachloroethylene 
T.B.E, = 1,1,2,2-Tetrabromoethane
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TABLE XIII

Compounds

(LX)

U.V. Spectra of Thiocarbonyl Compounds

A  max.Solvent

Methanol

Cyclohexane

(LXIIIb) Methanol

Cyclohexane

(LXVb) Methanol

427 35 600
334 b 8 370
218 17 800

427 35 200
418 33 900
407 s 27 000
326 b 8 230
233 16 450
200 s 11 600

445 33 600
337 b 5 650
313 14 800
265 9 650
261 s 9 400
251 s 9 170
225 23 500
207 s 14 800

442 39 900
432 27 700
420 s 19 100
314 17 200
267 10 280
263 s 8 850
258 s 9 560
231 26 300
207 14 480

455 26 600
318 14 700
271 b 9 230
232 25 570
207 17 650
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TABLE XIII contd.

Spectra of Thiocarbonyl Compounds

Compounds Solvent A. max €

(LXVb) Cyclohexane 452 23,600
318 15,570
272 b 8,650
233 25,850
207 17,900

(LXVIb) Methanol 383 32,800
285 s 9,190
277 b 10,760
257 s 6,500
221 20,740
208 s 16,280

n Cyclohexane 373 *
283 s
277 b
223
203 s

*Extinction coefficients uncertain - solution saturated and 
of unknown concentration,
s = shoulder; b = broad band.
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lOTRODUCTORY NOTES

Melting points were determined on a Kofler heating stage apparatus 

and were corrected unless otherwise stated.

Ultra-violet and visible spectra were measured with a Unicam S.P. 800 

instrument,

Infra-red spectra were obtained with a Grubb-Parsons Type G,S,-2A 

instrument, using 0,1 mm, cells. Solutions were 0,03 Molar or, in the 

case of sparingly soluble compounds, saturated, Perkin-Elmer 137 and 

!237 instruments were also employed for qualitative and comparitive purposes, % 

N.M.R. spectra were carried out at ca, 34^0 on a Perkin-Elmer RIO g

spectrometer operating at 60 Me,/sec,, at a sweep-rate of 1,6 c,/sec,/sec, 

and a sweep-width of 600 c./sec. Solutions in trifluoroacetic acid and 

deuterotrifluoroacetic acid were 0,5 M and in deuterochloroform 0,4 M, 

except where these concentrations could not be attained, when saturated 

solutions were employed.

For Gas-Liquid Chromatography, a Griffin and George D,6 gas-density 

balance instrument was employed. Columns were 2 metres in length and 

of internal diameter 5 m.m. The carrier gas was nitrogen, passed at a 

flow-rate of 60 mis./minute. Quantitative analyses were carried out with 

a column-packing of 2% neopentylglycol succinate on celite and checked 

with a column-packing of 2% Carbowax 20 M on silocel. Quantitative 

estimations of mixtures of monosubstituted and disubstituted products were 

carried out at operating temperatures of 215^C (N.P.G.S,) and 222°C 

(Carbowax). Lower temperatures (140^-180^C) were also employed in
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attempts to detect possible isomeric monosubstitution products. Peak 

assignments were obtained by comparison of retention times with those 

of authentic samples of the probable constituents of a given reaction 

mixture. The method of peak enhancement on addition of standards to 

reaction mixtures was also employed.

Mass spectra were kindly run by Dr. W, Bonthrone, Shell Ltd., 

Siltingbourne, Kent.

Vapour pressure osmometric molecular weight determinations were 

carried out on benzene solutions (ca, 1 Molar) using a Mechrolab Vapour 

Pressure Osmometer, Model 301A,

Microanalyses were carried out by Dr's. Weiler and Strauss, Oxford 

and by Dr. A. Bernhardt, Mülheira, Germany,

Column chromatography was carried out in all cases on activated 

alumina, Spence Type H 100/200 mesh.

Thin layer chromatography was on silica (M.N. Kieselgel G.) coated 

plates. The plates were eluted with ether and developed with iodine 

unless otherwise stated.

Perchloric acid was 70% w/w and of Analar grade,

Acetonitrile, methylene chloride and chloroform were purified by 

refluxing over phosphorus pentoxide for 30 minutes, distilling, then 

redistilling.

Benzene, cyclohexane, toluene, 40/60 petroleum ether and diethyl 

ether were refluxed for 30 minutes over sodium wire and distilled. 

Diethyl ether was partly pre-dried by standing over anhydrous calcium
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chloride for 48 hours.

Acetic anhydride, acetic acid, methanol and ethanol were redistilled 

commercial materials.

DimethyIformamide and dimethylacetamide were allowed to stand over 

calcium hydride for 3 days, and then distilled under reduced pressure.

Pyridine was distilled after standing over potassium hydroxide 

pellets for 3 days,

2 M~aqueous sodium hydrogen sulphide solutions were obtained by 

saturating % 2 M-aqueous solution of sodium sulphide nonahydrate with 

hydrogen sulphide (2 hours).
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A. The Protonation of Indolizines

(a) Preparation of Indolizines

The following indolizines were prepared by the methods cited

Indolizine 

3-Methylindolizine

3.5-Dimethylindolizine

2-Methylindolizine

1.2-Dimethylindolizine

2.3-Dimethylindolizine

2.6-Dimethylindolizine 

2,8-Dimethylindolizine

1.2.3-Trimethylindolizine

25by the method of Scholtz,
121by the method of Armarego

by the method of 

Holland and Nay lei'.

by the method

122

29
of Frazer, Reid et al.

2-Phenylindolizine'

3-Ethyl-2-methy1indolizine

by the method of
37

Borrows, Holland and Kenyon.

5-Methyl-2-phenylindolizine by the method of Boekelheide 
and Windgassen,

3-Methyl~2~phenylindolizine

1,3-Diinethyl-2-phenylindol izine

by the method of
36,124

Frazer and Reid,
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(b) Preparation of Indolizinium Perchlorates.

The following perchlorates were prepared by the methods cited.

Indolizinium Perchlorate ( IVa ).

2-Methylindolizinium perchlorate ( IVb ).

1,2-Dimethylindolizinium perchlorate ( IVc )

2,6-Dimethylindolizinium perchlorate (VI )

2,8-Dimethylindolizinium perchlorate ( VII ),

1,2,3-Trimothylindolizinium perchlorate (IVd),

h
by the method of 
Frazer, Reid et al.29

1-Methyl-2-phenyl-3H-indolizinium perchlorate. (IVf)

1,3-Dimethyl-2-phenyl-3H-indolizinium perchlotate.(IVg) 

5-Methy1-2-phenyl-3H-indolizinium perchlorate. (VIII)

2-Phenyl-3H-indolizinium perchlorate, (IVe)

by the method
36,124of Frazer.

3.5-Dimethyl-3H-indolizinium perchlorate. (XVII)

Perchloric acid (0,32 ml., 1,7 m.mole) was added to a solution of

3.5-dimethylindolizine (0,267 gm., 0,84 m. mole) in ethanol (1 ml,). 

The solution was cooled and to it was added an excess of ether.

3.5-Diraethyl-3H-indolizinium perchlorate (0.378 gm., 84%) crystallised 

as needles m.pt. 164-166^0 (lit. 160°C). The salt was filtered off, 

washed thoroughly with ether, dried in vacuo over phosphoric anhydride 

and analysed by N.M.R, without recrystallisation.
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The perchlorates of the following compounds were made by the 

general method outlined below.

To a solution of the appropriate base in ethanol (0.5 ml. per 

m, mole of base) was added perchloric acid (2 m, moles per ra. mole of 

base), An excess of ether was added to the cooled solution to precip

itate completely the perchlorate. This was filtered off, washed thor

oughly with ether, dried in vacuo over phosphoric anhydride and analysed 

by N.M.R, without recrystallisation.

Perchlorates from 3-Methyl-2-phenylindolizine,

3-Methyl-2~phenylindolizine gave colourless needles (83%) 

m.pt. 129-136^C,, consisting of 3-methyl-2-phenyl-lH-indolizinium perchlorate 

( XIV ) (90%) and 3-methyl-2-phenyl-3H-indolizinium perchlorate ( XIII)

(10%).
Perchlorates from 2,3-Dimethylindolizine.

o.2,3-Dimethylindolizine gave colourless needles (85%) m.pt. 68-71 C 
44 o(lit, 74-75,5 C) consisting of 2,3-dimethyl-3H-indolizinium perchlorate 

(XI ) (40%) and 2,3~dimethy1-lH-indolizinium perchlorate ( XII )

(60%),

Perchlorates from 3-Methylindolizine.

3-Methylindolizine gave colourless needles (92%) m.pt, 108-llO^C
îîiiL o

(corrected) (lit. decomp, > 140 C) consisting of 3-methyl-3H-indolizinium 

perchlorate ( IX ) (8%) and 3-methyl-IH-indolizinium perchlorate ( X ) 

(92%) .
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Perchlorate from 3-E thy 1-2-methyl Indol izine,

3-Ethy1-2-methylindolizine gave 3-ethyl~2-methyl-3H~indolizinium 

perchlorate (XV ) (71%) as colourless needles shown by N,M,R. to be 

homogeneous. Recrystallisation from ethanol gave needles m.pt. 106-108^

Found N,5,l%

C Il.-CINÔ  Requires N,5.4%11 1 4  4
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B . The Protonation of Pyrrolof2 ̂ l-jb] thiazoles

The following pyrrolo[2,1-b]thiazoles were prepared by the method
20b

of Molloy, Reid and Skelton : 6-methyl~ ( XXIb )j 5,6-dime thy l-( XXI e ) ;

6.7-dimethyl-(XXIc ); and 5,6,7-trimethylpyrrolo[2,1-b]thiazole (XXId ) ,

Pyrrolo[2,l-b]thiazole (XXIa ) itself was prepared by the method
22,125of Molloy and Reid.

Pyrrolof 2,1-b] thiazolium Perchlorates.

The following pyrrolo[2,1-b]thiazolium perchlorates were prepared
22,126

by the method of Molloy and Reid ; 6-methyl-5H-( XXb )j 6,7-dimethyl-5H- 

(XXc ); 2,6'dimethyl-5H-( XXd )j 3,6-dimethyl-5H-( XXe );

3.6.7-trimethyl-5H-( XXf ); 3,6-dimethyl-7-phenyl-5H-( XXg );

5.6.7-trimethyl-5H~( XXK )• 6-phenyl-5H-( XXh ); 2-methyl-6-phenyl-5H-

( XXi )î 3-methyl-6-phenyl-5H-( XXj )î and 5H-pyrrolo[2,1-b]thiazolium

perchlorate ( XXa ).

The following derivatives of pyrrolo[2,1-b]benzothiazolium perchlorate
22,126

were also prepared as described by Molloy and Reid ;

5,6,7,8-tetrahydro~2-methyl-3H-(XXIVa) ; 5,6,7,8-tetrahydro-2-phenyl-3H- 

(XXIVb)j and 2-phenyl~3H-pyrrolo[2,1-b]benzothiazolium perchlorate 

( XXV ).
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C. Electrophilic Substitution Reactions of Pyrrolof^,1-bJthlazoles

(i) Formylation Reactions,

5-Formyl-6-methylpyrrolo[2,1-b]thiazole

A solution of phosphorus oxychloride (3,0 gms,, 20 m, moles) in 

dimethyIformamide (15 mis.) was added dropwise over 30 minutes to a 

solution of 0~methylpyrrolo[2,1-jb]thiazole (2,055 gms., 15 m. moles) in 

dime thy Iformamide (20 mis*), cooled to -‘35^d. The reaction mixture 

initially became green, then violet in colour. Stirring was continued 

for one hour at -35*̂ C after the addition was complete, at which stage 

a yellow solid had been deposited by the solution. The mixture was then 

poured into 1 N-aqueous sodium hydroxide solution (200 mis*), shaken, 

and extracted with ether. The ether extract was washed three times with 

water, dried (Na^SO^) and evaporated, affording a tan-coloured crystalline 

mass which was homogeneous to T.L.C. Sublimation of the solid at 0.1 mm. 

(block temperature 85°C) in darloiess afforded 5-formyl-6-methylpyrrolo 

[2,1-Jb]thiazole (XXIX) (2.16 gms,, 88%) as a colourless crystalline 
mass,m.pt. 74.5-76^0,which slowly acquired a bluish tinge on exposure to 

light and air.

Found C 58,3%; H 4.6%; N 8.6%

CgH N08 Requires C 58,5%; H 4.3% N 8.5%

A similar reaction was carried out on a smaller scale. The residue 

from the ethereal extract was analysed by G.L.C, without further purification, 

and was shown to consist of 5-formyl-6-methylpyrrolo[2,1-b]thiazole 

(XXIX) (95%) and 5,7-diformy 1-6-methylpyrrolo[2,1-b]thiazole ( XXX) (5%),
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5,7-Dif onnyl-6-methylpyrrolo[2,1-b] thiazole

A solution of 6-methylpyrrolo[2,1-fo]thiazole (0,822 gm,, 6,0 m, mole) 

in dimethylformamide (10 mis.) was added dropwise over 30 minutes to a 

stirred solution of phosphorus oxychloride (2,76 gms,, 18 m, moles) in 

dimethylformamide (10 mis,). The reaction mixture was stirred at 50 

for four hours, then poured into 1 N-aqueous sodium hydroxide solution 

(200 mis,), A colourless solid which immediately crystallised as 

fine feathery needles was filtered off, washed well with water, and dried 

to constant weight in vacuO over phosphorus pentoxide, (1,065 g m s 92%), 

The material was homogeneous to T.L.C, analysis. Sublimation at 0,1 mm, 

(block temperature 140°C) and recrystallisation from benzene afforded,

5,7-diformyl-6~methylpyrrolo[2,l-b]thiazole (XXX) as colourless needles 

m.pt, 202-205^0 with slight decomposition. Sublimation from the micro

scope slide occurred to some extent above ISO^C,

Pound C 56.2%; H 3,8%; N 7.3%

CgH^O^NS Requires C 56.0%; H 3,7%; N 7.3%

5-Formyl-6,7-dimethyTpyrrolo[2,1-b ]thiazole

A solution of phosphorus oxychloride (0.510 gm,, 3,0 m, moles) in 

dimethylformamide (3 mis.) was added dropwise over 15 minutes to a stirred 

solution of 6,7-dimethylpyrrolo[2,1-b]thiazole (0.408 gm,, 2.7 ra. moles) 

in dimethylformamide (5 mis,), cooled to O^C, After completion of the 

addition, the reaction mixture was stirred at room temperature for one
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hour. It was then poured into 1 N-aqueous sodium hydroxide solution, 

shaken, and extracted with ether. The ethereal extract was washed three 

times with water, dried (Na^SO ) and evaporated, affording a bluish 

crystalline mass. Sublimation at 0,1 mm. (block temperature llO^C) 

gave a light yellow solid (0,402 gm,, 84%) which was homogeneous to 

T.L.C, analysis. Recrystallisation from cyclohexane afforded

5-formyl~6,7-dimethylpyrrolo[2,1-b]thiazole (XXXIX) as large colourless 

plates, m.pt, 94-95^0,

Pound C 60,7%; H 5,0%

C^H ONS Requires C 60.3%; H 5,1%9 y

7-Pormyl-5,G-dimethylPyrrolo[2,l-b]thiazole

A solution of phosphorus oxychloride (1,15 gm,,7,5 m, moles) in 

dimethylformamide (5 mis.) was added dropwise over 30 minutes to a stirred 

solution of 5,6-dimethylpyrrolo[2,1-b] thiazole (0,76 gm., 5.0 m. moles) 

in dimethylformamide (7 mis.), cooled to O^C. After completion of the 

addition, the solution was stirred at room temperature for one hour.

The reaction mixture, which had deposited a yellow solid, was poured into 

1 N-aqueous sodium hydroxide solution (50 mis.), shaken, and extracted 

with other. The ethereal extract was washed three times with water, 

dried (Na 80.) and evaporated* On concentration of the solution toa 4
ca. 15 mis*, a colourless solid crystallised. This was collected by 

filtration and washed with a small quantity of ether. The washings 

and the mother liquors were combined and concentrated until further
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crystallisation of another crop of the solid commenced* The above 

process was repeated until all of the solvent had been removed* The 

combined filtered material (0*485 gras*, 54%) was homogeneous to T.L.C, 

analysis* Sublimation at 0.1 mm* (block temperature 120-125°C) gave 

a colourless crystalline mass (0*448 gms*, 50%)* Recrystallisation 

from cyclohexane afforded 7~formyl-5,6-dimethylpyrrolo[ 2,1-b] thiazole 

( XXXI ) as colourless needles m.pt* 123*5-124*5̂ C*

Pound C 60,7%; H 5*2%

CgH 0N8 Requires C 60.3%; H 5.1%

Reduction of 5-PormyI-6-methylpyrolo[ 2,1-b] thiazole

A solution of 5-formyl-6-methylpyrrolo[ 2,1-b] thiazole (KXIX )

(0.660 gm*, 4.0 m* moles) in anhydrous ether (20 ml.) was added dropwise 

over 30 minutes to a stirred solution of lithium aluminium hydride 

(0.532 gm., 14 ra. moles) and aluminium chloride (3.74 gras., 28 m. moles) 

in anhydrous ether (100 mis.)* The addition of each drop produced a 

transient yellow colour. After completion of the addition, the resulting 

solution was stirred at room temperature for one hour, before being poured 

into an excess of ice-cold aqueous sulphuric acid solution (300 mis.,

0*1 N). The resultant acidic solution, after being shaken and allowed 

to stand for ten minutes, was basified (NhgCOg) and extracted with ether. 

The ethereal extract was washed with water, dried (ÏĈ CÔ ) and evaporated 

to give a dark brov/n oil (0.57 gm.)* Distillation at 13 mm* (block
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temperature ISO^C) afforded a yellow oil (0.312 gm., 52%) which soon 

crystallised to pale yellow prisms m.pt. 34-35^C. The N.M.R. spectrum 

in deuterochloroform and in trifluoroacetic acid, and I.R. spectrum 

(Nujol) of this material and of authentic 5,6-dimethylpyrrolo[2,1-b] thia

zole were identical. The trinitrobouzenecomplex, after recrystallisation 

from ethanol, formed chocolate-brown needles m.pt. 119-123*̂ 0# Admixture 

of the trinitrobenzene complex of authentic 5,6-dimethylpyrrolo[2,l-b]- 

thiazole showed no depression of this melting point#

(ii) Acétylation Reactions 

General Procedure

(a) In the Presence of Sodium Acetate

A mixture of the pyrrolo[2,1- b] thiazole, sodium acetate (2 m# moles 

per m. mole of pyrrolo[2,1-b] thiazole) and acetic anhydride (1.5 mis. 

per m« mole of pyrrolot2,1-b] thiazole), were refluxed for two hours.

The reaction mixture was cooled, poured into water (10 mis. per ml. of 

acetic anhydride) and left for twelve hours. The mixture was then 

extracted with methylene chloride, the extract washed with sodium car

bonate solution, then water and dried (Na^SO^). Evaporation of the sol- 

vent gave the crude product as a dark crystalline mass* V/hen a pure 

sample of the product was required, the crude material v/as sublimed at 

0.1 mm. and recrystallised from cyclohexane.
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(b) In the Absence of Sodium Acetate

The conditions for the reaction were identical with those in

(a) above, except that the pyrrolo[2,1-b] thiazole was refluxed with 

acetic anhydride alone*

Acétylation of 6-Methylpyrrolo[ 2,1-b] thiazolo

(a) In the Presence of Sodium Acetate

6-Methylpyrrolo[2,1-b] thiazole (0*274 gm*, 2,0 m. moles), sodium

acetate (0.328 gm*, 4*0 m* moles), and acetic anhydride (3 mis.) gave

a dark oil which quickly crystallised (0.374 gm* quantitative). It was

shown by G.L.C* analysis to be a mixture of 5-acetyl~6-methylpyrrolo-

[ 2,1-b] thiazole î XXIII) (97*7%) and 5,7-diacetyl-6-methylpyrrolof2,1-b]-

thiazole ^XIV ) (2*3%). The authentic samples used in this and

subsequent analyses to detect the presence of the constituents were

obtained (h) from a similar reaction followed by purification of the

crude product (monoacetyl), and (b) from the cyclisation step in the

synthesis of 6-methylpyrrolo[2,1-b] thiazole (diacetyl), as described 
22 “ * 

by Molloy*

(b) 2 2 . Absence of Sodium Acetate

The reaction conditions wore identical with the foregoing except 

that the sodium acetate was omitted* The product (0.373 gm., 

quantitative) was analysed by G.L.C* without purification. The

Slil
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product was homogeneous, only 5-aoetyl-6-methylpyrrolo[2,l-Wthiazole 

(XXXIII)being detected.

Attempted Further Acétylation of 5-Acetyl-6-methylpyrrolo[2,1-b] thiazole

(a) In the presence of Sodium Acetate

The reaction was carried out as described in the foregoing general 

procedure, using 5-acetyl-6-methylpyrrolo[2,1-b] thiazole (XXXIII)

(0*358 gm*, 2,0 m. moles) and sodium acetate (0*328 gm#, 4,0 m* mole).

The product (0*368 gm.), analysed by G.L.C. without purification, was 

found to consist of starting material (97.4%) and

5,7-diacetyl-6-methylpyrrolo[ 2,1-b] thiazole (XXXIV) (2.6%).

(b) In the Absence of Sodium Acetate

The reaction conditions were identical with those in (a) above, 

except that the sodium acetate was omitted. The product (0.363 gm.), 

analysed by G.L.C* as before, was shown to contain only starting material, 

no diacetylated product being detected.

Acétylation of 6,7-Dimethylpyrrolo[2,1-b] thiazole

The reaction was carried out according to the general procedure, 

using 0,7-dimethylpyrrolo[2,1-b] thiazole (0.302 gm., 2.0 m. moles) and 

sodium acetate (0.328 gm., 4,0 m. moles). The product, a light green 

crystalline mass (0.385 gm.)^ was shown by G.L.C. analysis to be 

homogeneous# Sublimation at 0.1 m.m. (block temperature 130^C) gave
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the product (0.353 gm., 92%), which recrystallised from cyclohexane

as colourless needles of 5~acety1-6,7-dimethylpyrroiô[2,1-b] thiazole,

(XXXVnI%m.pt# 120-120.5^0, not depressed by admixture with authentic

material obtained from the cyclisation step of the synthesis of
20b, 220,7-dimethylpyrrolol2,1-bJthiazole as described by Molloy.

The product and authentic material had identical N.M.R. (deutero

chlorof orm) and I.R. (Nujol) spectra.

Acétylation of 5,6-Dimethylpyrrolo[ 2,1-b]thiazole■"     "    —  .

The reaction was carried out according to the general procedure 

using 5,6-dimethylpyrrolo[2,1-b] thiazole (0.302 gm., 2.0 m. moles) 

and sodium acetate (0.328 gm#, 4.0 m. moles). The crude product, 

a highly coloured Crystalline mass (0,398 gm.), showed several compounds j 

to T.L.C. analysis, including appreciable quantities of polar material, 

and as such was considered unsuitable for direct G.L.C. analysis. The 

material was purified by chromatography on alumina (12,5 cm. x 1.25 cm.). 

Elution with a 50:50 benzene-ether mixture gave three fractions; (1) 200 mis.,

(2) 250 mlSo, and (3) 500 mis. Fraction (2) contained product (0.353 gm., 

91%) which was homogeneous to T.L.C, analysis. This, on being sublimed 

at 0.1 mm. (block temperature 140^C), afforded a pale yellow crystalline 

mass (0.325 gm*, 84%) which recryatallised from cyclohexane as colourless 

prisms, m.pt. 92-93 C not lowered by admixture with authentic 

7-acety1-5,6-dimethylpyrrolo[2,1-b]thiazole (XXXVIî)obtained from the 

cyclisation step of the synthesis of 5,6-dimethylpyrrolo[2,1-b] thiazole
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20b,22

as described by Molloy. The N.M.R. (deuterochlorofcrm) and I.R*

(Nujol) spectra of the product and authentic material were identical.

(ill) Nitrosation Reactions

General Procedure

A solution of sodium nitrite ( 1 m. mole per m. mole of the 

pyrrolo[2,1-b] thiazole)in water (1 ml. per m. mole of sodium nitrite) 

was added dropwise to a stirred solution of the pyrrolo[2,1-b]thiazole 

in a mixture of concentrated hydrochloric acid (1 ml. per m. mole of 

pyrrolo[2,1-b] thiazole) and water (3 mis. per ml. of acid), cooled to 

O^C. The reaction mixture was stirred for a further 15 minutes at O^C, 

then poured into water (200 mis. per m. mole). Anhydrous potassium 

carbonate (60 gms. per m. mole) was added, and the solution was then 

extracted with methylene chloride. The extracts were washed twice v/ith 

water, dried (Na^SO^) and evaporated, affording a dark green solid.

5-Nitroso-6-methylpyrrolo[ 2,1-b] thiazole

5-Nitroso~6-methylpyrrolo[2,1-b]thiazole ( XXXIX) was prepared by
22the general procedure as described by Molloy.

7-Nitroso-5,6-dimethyIpyrrolo[2,1-b]thiazole

5,b-Dimethylpyrrolo[2,1-b] thiazole (1.02 gm., 6.8 m* mole) gave a 

dark green solid (1.15 gm., 95%). Recrystallisation from a mixture 

of methylene chloride (60%) and benzene (50%) gave 7-nitroso-5,6-dimethyl" 

pyrrolo[2,1-b]thiazole ( XL ) (0.95 gm,, 86%) as lustrous green plates
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v/hich decompose without melting above 170^C*

Found C 53.4%; H 4.5%

C^H N^OS Requires C 53.8%; H 4.5%b o Z

5-Nitroso-6,7-dimethylpyrrolo[ 2,1-b] thiazole

In this case 6,7-dimethyl-5H-pyrrolo[2,1-b] thiazolium perchlorate 

<1.006 gm.; 4.0 m. moles) was employed, and was treated as in the 

foregoing general method. The dark green residue was extracted with 

hot cyclohexane and filtered, affording the dabk green nitroso compound 

(0.50 gm., 70%). Recrystalli^ation from a mixture of methylene chloride 

(5%) and benzene (95%) by displacement of methylene chloride afforded 

5-nitroso~6,7-dimethylpyrrolo[2,1-b] thiazole ( XLI ) as olive green 

prisms m.pt. 149-150.5^0 (decomp.).

Found N 15.6%

CgHgNgOS Requires N 15.5%

(iv) Reactions with Triphenylmethyl Perchlorate ;——— ' " '    — » -    '

Reaction of 6-Methylpyrrolo[2,1-b] thiazole with Triphenylmethyl Perchlorate |

A solution of triphenylmethyl perchlorate (6,84 gms., 20 m. moles) in 

acetonitrile (150 mis.) was added dropwise to a stirred solution of
j

6~methylpyrrolo[2,1-b] thiazole (2*74 gms., 20 m. moles) in aceto

nitrile (50 mis.). The addition required two hours and the mixture
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was stirred for 90 minutes thereafter* The reaction mixture was then 

poured into water (2 litres) and the solution was extracted with 

methylene chloride, (In a further experiment it was found that 

basification of the aqueous solution*- after extraction by methylene 

chloride - followed by extraction with ether, resulted in the recovery 

of ca* 50% of unchanged 6~methylpyrrolo[2,l~b]thiazole). The methylene 

chloride extract was washed successively with water, potassium carbonate 

solution, and water, then dried (Na^SO.), On concentration of the 

methylene chloride solution vo ca, 50 mis*, a colourless solid crystallised, 

\was filtered off and was washed with a little methylene chloride*

The washings were combined with the mother liquois. Further evaporation 

of the combined mother liquors produced several crops of the same material 

which were collected in the manner described above* Evaporation to 

dryness afforded a dark viscous oil (3*15 gms *)* The combined filtered 

product (3.31 gms.) on T.L.C. analysis (Cyclohexane 90% g Benzene 10%, 

development with iodine) was shown to be homogeneous. Development of 

the chromatogram with p-dimethylaminobenzaldehyde solution (1% in 

ethanol containing 2% perchloric acid) however, revealed two very faint 

spots nearer the solvent front, the upper violet and the lov/er blue.

The main spot was not detected by this method of development* Recrystall

isation of the material from toluene afforded 5,7wditrityl-6-methylpyrrolo- 

[2,1-b]thiazole ( XLII ) as small colourless needles m.pt. 280-285^0 after 

slight decomposition above 250^0.

Found C 86.5%; H 5.7%
C^gH3gNS Requires C 86.9%; H 5.7%

' .. _
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The dark residue from the above extraction was dissolved in benzene 

(600 mis.) and extracted successively with 7N, 8N and I'ON aqueous 

hydrochloric acid solutions (3 x 150 mis. each). The acid extracts 

were poured separately into water (2 litres) and extracted with methylene 

chloride. The methylene chloride extracts were washed with water, 

dried (Na^SO^) and evaporated, affording in each case yellow viscotts oils 

(7K, 0.49 gm.; 8N, 1.21 gms.: ION, 0.37 gm.)♦ T.L.C* examination of

these extracts by the method described above (p-dimethylaminobenzaldehyde), 

showed that only the ION extract v/as homogeneous: it showed only a violet

spot on the chromatogram. The other extracts contained, in addition, 

a compound which appeared on the chromatogram as a blue spot, nearer the 

origin. The benzene solution, after acid extraction was washed success

ively with potassium carbonate and water, dried (Na^SO ) and evaporated, 

thus affording a black oil (0*952 gm,), which on T.L.C. examination was 

shown to contain only polar material. Accordingly, the 7N and 8N acid 

extracts were combined (1.70 gm.) and a representative sample (1.21 gm. ) 

was chromatographed on a column of alumina (25 cms. x 2*5 cms.) with a 

mixture of Cyclohexane (80%) and Benzene (20%) as eluant. 50 ml. fractions 

were taken and fractions 5 to 14, on evaporation, contained product - in 

each case a colourless oil which crystallised on being triturated with 

acetonitrile. T.L.C* examination of the fractions by the method described 

above (p-dimethylaminobensaldehyde) showed that fractions 5 to 9 (violet 

spot only on chromatogram) and 11 to 14 (blue spot only) were homogeneous. 

Fraction 10 was a mixture of the two products. The relevant fractions
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were therefore combined yielding 0*804 gm. (first component) and 

0,249 gm, (second component) respectively. The mixture in fraction 10 

amounted to 0,060 gm. On being recrystallised from acetonitrile.the 

first component afforded 5-trityl-6-methylpyrrolo[2,1-^thiazole 

(XLIlDas colourless prisms m.pt, 141-142°C.

Found C 82,0%; H 5,6%

Requires C 82,3%; H 5,6%

The second component crystallised from acetonitrile as colourless needles 

m.pt, 181-182^0 of 7-trityl-6-raethylpyrrolo[2,1-^]thiazole (XLIV).

Found C 82,5%; H 5,3%

Requires C 82,3%; H 5.6%

Summary

From the reaction were isolated the following products;-

5,7-ditrityl-6-methylpyrrolo[2,1-^]thiazole (XLII ) (27%)
5-trityl-6-methylpyrrolo[2,1-b]thiazole (XLIII) (19,8%) 
7«-trityl-6-meth3rlpyrrolo[2, 3-b]thiazole (XLIV ) (4,6%)

(Yields are based on the conversion of 6-methylpyrrolo[2,1-]^thiazole 

to products. Structures were assigned to the above products on the 

basis of their N.M.R, spectra in deuterochloroforra and in trifluoroacetic 

acid),
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Reaction of 6,7-DimethyIpyrrolof^>l**b]thiazole with 
Triphenylmethyl Perchlorate

A solution of triphenylmethyl perchlorate (1,855 gms,, 5.45 m.mole.s) 

in acetonitrile (40 mis.) was added dropwise over 10 minutes to a stirred 

solution of G,7-dimethylpyrrolo[2,l-b]thiazole (0.819 gm,, 5.45 m, moles) 

in acetonitrile (15 mis.). After completion of the addition, the sol

ution was stirred for a further hour, by which time it had acquired a 

bright red colour. The reaction mixture was then poured into water 

(500 mis,) and extracted with methylene chloride. The extract was 

washed twice with water, dried (Na^SO^) and evaporated, affording a 

viscous violet-coloured gum (2*24 gms.)* T.L.C. analysis of the 

reaction mixture, using (i) a mixture of benzene (10%) and cyclohexane 

(90%), (ii) ether as eluants, showed evidence of only one non-polar 

product besides a small amount of triphenyl carbinol and unchanged

6,7-dimethylpyrrolo[2,1-b]thiazole * A large amount of violet polar

material remained at the origin* The crude reaction mixture was 

dissolved in benzene (10 mis,), to which was then added cyclohexane 

(40 mis*). Precipitation of a quantity of a red amorphous solid took 

place. This was filtered off, and shown to be homogeneously polar by 

T.L,C, analysis. The mother liquors were chromatographed in the dark 

on a column of alumina (25 cms* X 2,5 cms.) using cyclohexane (80%) and 
benzene (20%) as eluant, 50 ml, fractions were taken, fractions 2-9 

containing product which was homogeneous to T.L.C, analysis. These 

fractions were combined and evaporated, affording a pink gum (1,162 gm.)
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which rapidly became violet even in the absence of light. The 

chromatography of this material was repeated in an analogous manner 

that that cited above with similar results, (0.95 gm. of the gum 

recovered). Some of the material could be crystallised by tritur

ation with benzene and was filtered off (0.163 gm.). Recrystallisation 

from benzene gave colourless needles, m.pt, 91-94°C, N.M.R, (deutero

chlorof orm) and I.R, (Nujol) spectral examination showed this material 

to be identical with an authentic sample of triphenylmethane. The

remainder of the oily material left behind on evaporation of the mother 

liquors from the trituration did not crystallise and quickly became 

very dark in colour even in the absence of light,

(v) Attempted Nitration of 6-Methyipyrrolo[2,1-b]thiazole with

Nitronium Tetrafluoroborate

A solution of nitronium tetrafluoroborate (0.238 gm., 1,8 m. mole) 

in acetonitrile (15 mis.) was added dropwise over 30 minutes to a stirred 

solution of 6-methylpyrrolo[2,1-b] thiazole (0.246 gm., 1.8 m. mole) 

in acetonitrile (10 mis.), cooled to -0O^C. After completion of the 

addition, the dark green reaction mixture was stirred for a further hour 

at “60^0. It was then poured into water (300 mis.) and the resulting 

mixture was extracted with methylene chloride. The aqueous solution 

was basified (ÎCCO^) and re-extracted with methylene chloride. Evaporationa 3

of the solution obtained by extracting the acidic aqueous solution afforded 

a dark brov/n oil (0.317 gm.). The methylene chloride extract of the 

solution after basification similarly yielded a green oil (0.166 gm.).
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T.L.C. analysis of these materials shov/ed a faint yellov/ component in 

each case, together with green polar material at the origin and 

unreacted S-methylpyrrolo[ 2,l~b] thiasole. Chromatography of each of 

the extracts on a column of alumina (15 cms. x 1.25 cm.) using ether 

as eluant, produced starting material and small quantities of an orange 

oil which showed at least two components on T.L.C. analysis.

(vi) Deuteration of 6-Methylpyrrolo[2,l~b] thiazole

6~Methylpyrrolo[2,1-b] thJasole (0.274 gm., 2.0 m. moles) was 

dissolved in deuterotrifluoroacetic acid (2 mis.) and the resultant 

solution was allowed to stand for 15 minutes. The solution was then 

diluted with deuterium oxide (10 mis.), shaken, and basified with solid 

potassium carbonate (commercial anhydrous material, further dried by 

roasting to dull-red heat for one hour and being allowed to cool in 

vacuo over phosphorus pentoxide). The resultant mixture was extracted 

with ether, the ethereal extracts dried (K^cOg) and evaporated, affording 

a colourless oil which soon crystallised* Sublimation of the product 

at 13 m.m. (block temperature IIS^C) afforded a colourless mass of 

needles (0.237 gm.). Examination of the N.M.R. spectrum (deutoro- 

chloroform) of this material showed that it was a mixture, consisting 

of unchanged 6~methylpyrrolo[2,1-b]thiazole (10%) and 5,7-dideutero-

6-raethylpyrrolo[ 2,1-b] thiazole (90% ).
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D# Heterocyclic Tliiocarbonyl Compounds 

5-Thioformyl~6-methylpyrrolo[ 2,l~b] thiazole

A solution of phosphorus o%ychloride (1.09 gin., 11 m. moles) in 

dimethylformamide (10 mis.) was added dropv/ise over 30 minutes to a 

stirred solution of 6~methylpyrrolo[2,1-b] thiazole (1.37 gm.,

10 m. moles) in dimethylformamide (15 mis.), cooled to -35°C. After 

completion of the addition, the dark red reaction mixture was stirred 

at -35^C for a further 30 minutes, then added dropwise to a solution 

of 2 M-aqueous sodium hydrogen sulphide (50 mis.), when a bright orange 

precipitate was immediately formed. The mixture was diluted with 

water (150 mis.) and extracted with ether. The ethereal extract 

v/as washed six times with water, dried (Na^SO^) and evaporated, affording 

a red solid. This was dissolved in benaene and passed through a column 

of alumina (12.5 cm. x 2.5 cm.) using benzene (400 mis.) as eluant.

Three fractions were taken. Fraction 1. (100 mis.) was colourless

and was discarded. Fraction 2. (150 mis.) was dark red and on

evaporation afforded a bright-red solid (1.417 gm.) homogeneous to 

T.li.C* Fraction 3. (150 mis.) was orange,.,and on evaporation gave

a further 0.197 gm. of this red material. Recrystallisation of the 

combined product (1.614 gm., 89%) from cyclohexane afforded 

5-thioformyl-0“methylpyrrolo[2,1-b]thiasole ( LX ) (1.021 gm.) as 

orange-red needles m.pt. 101-103^0»
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Found C 53.2%; H 3,8%; N 7.6%; S 35.3%

C H ITS. Requires C 53.0%; H 3.9%; N 7.7%; 8 35.4%8 / 15

Molecular Weight Found 181 (Mass Spectrometry)

181 (Vapour Pressure Osmometry)

CgH^NSg Requires 181.28

Chromatography of the mother liquors from the recrystallisation by the 

method described above, followed by recrystallisation from cyclohexane, 

gave a further crop (0.432 gm.). The total yield of recrystallised 

material was thus 1.454 gm. (81%).

3-Thioformyl-1,2-dimethylindole

Phosphorus oxychloride (1.69 gm., 11 m. moles) was added to 

dimethylformamide (5 mis.) at room temperature, and the solution was 

stirred for 10 minutes. To this was then added dropwise over 5 minutes 

a solution of 1,2-dimethylindole (1.45 gm., 10 m. moles) in dimethyl

formamide (5 mis.). The mixture was heated to 35^0 and stirred at this 

temperature for four hours, at which stage a colourless solid had been 

deposited by the solution. The mixture was poured into a stirred solution 

of 2 M-aqueous sodium hydrogen sulphide (50 mis.). Precipitation of an 

orange solid occurred immediately. This was filtered off, washed well 

with water and dried in vacuo over phosphorus pentoxide to constant 

weight (1.647 gm», 87%), The material, v/hich was homogeneous to T.L.C. 

analysis (benzene and acetonitrile), on being recrystallised from benzene,
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afforded 3-thioformyl-l,2-dimethylindole (IXVIb) (1.44 gm., 76%) as 

orange needles which decompose without melting above 160°C.

Found C 70.0%; H 5.8%; N 7.3%; S 16.8% 

C^^HiiNS Requires C 69.8%; H 5.9%; N 7.4%; S 16.9%

Molecular Weight Found 189 (Mass Spectrometry)

Ci^HiiNS Requires 189.28

Attempted Preparation of 3-Thioformylindole______

The first stage of this preparation, i.e. the preparation of a 

solution of the intermediate Vilsraeier Salt, v/as exactly similar to 

that described in the foregoing preparation of 3-thioformyl-l,2-dimethyl- 

indole. In this case indole (1.17 gm., 10 m. moles) was used. When 

the reaction mixture was poured into a stirred solution of 2 M-aqueous 

sodium hydrogen sulphide (50 mis*), a creamy v/hite precipitate was 

produced. This was filtered off, washed well with water and dried in 

vacuo over phosphorus pentoxide to constant weight (1*45 gm.). The 

material was insoluble in cold organic solvents, but dissolved in hot 

acetonitrile or hot benzene, producing an orange-red solution. On 

cooling the hot solution, however, a colourless, amorphous, high-melting 

compound v/as again precipitated. The product may thus be polymeric in 

nature, though the colour in solution suggests that some monomeric 

thioaldohyde may be present.
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3-Thioformyl-2-met]iylindoll2ine

(a) A solution of phosphorus oxychloride (1.69 gm., 11 m. moles) in 

dimethylformamide (10 mis.) was added dropwise over 45 minutes to a 

stirred solution of 2-methylindolisine (1.31 gm., 10 ra. moles) in 

dimethylformamide (15 mis.), cooled to -50^C. After completion of the 

addition, the dark green solution v/as stirred at -50^0 for a further 

ten minutes, then added dropv/ise to a solution of 2 M-aqueous sodium 

hydrogen sulphide (50 mis.). A red solid v/as immediately precipitated. 

The mixture was diluted with water (150 mis») and extracted with ether. 

The dark red ethereal extract v/as washed six times with water, dried 

(Na_80.) and evaporated. The red residue was dissolved in benzene 

and passed through a column of alumina (12.5 cms. x 2.5 cms.) using 

benzene (400 ml.) as eluant. Three fractions v/ere taken. Fraction 1. 

(100 mis.) v/as colourless and was discarded. Fraction 2. (150 mis.)

was dark red, and on evaporation afforded a red solid which v/as homo

geneous to T.L.C. analysis. Fraction 3. (150 mis.) v/as orange. The

solid from fraction 2 was recrystallised from cyclohexane, affording

3-thioformyl-2-methylindolisine (LXIIXb)(l»OQ gm.) aS red needles m.pt 

88-89^0.
Found C 68.7%; H 5,3%; S 18.5%

C^qH^HS Requires C 68.5%; H 5.2%; S 18.3%

Molecular Weight Found 175 (Mass Spectrometry)
176 (Vapour Pressure Osmometry)

C^^H N8 Requires 175.25
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The mother liquors of the recrystallisation v/ere combined with the

residue from fraction 3 and similarly purified by chromatography 

followed by recrystallisation from cyclohexane. A further 0.443 gm. 

was thus obtained, giving a total yield of 1*502 gm* (86%).

(b) 3-Ethoxymethylene-2-methylindolizinium perchlorate (LXIl)
36

was prepared by the method of Frazer viz. - triethylorthoformate (30 mis.) 

was added to a warm solution of 2-methyl-3H-indolizinium perchlorate 

( IVb ) (4.62 gms., 20 m. moles) in ethanol (30 mis*). A green solid 

immediately crystallised. The cooled solution v/as filtered, the residue 

was washed thoroughly with ethanol and then with ether, and was dried in 

vacuo over phosphorus pentoxide* The yield of 3-ethoxymethylene-2~methyl- 

indolisinium perchlorate (LXII ) v/as 5.22 gms. (91%).

A solution of the salt (2.87 gms., 10 m. moles) in acetonitrile 

(25 mis.) was added to a solution of 2 M-aqueous sodium hydrogen sulphide 

(50 mis.) and the mixture v/as heated at 85^0 for 4 minutes with vigorous 

swirling. The cooled mixture was then diluted with water (150 mis.) and 

extracted with ether. The dark red ethereal extract v/as washed with 

water, dried (Na^SO^) and ..on being evaporated, afforded a dark reddish

oil. This v/as dissolved in benzene and chromatographed as described 

in (a) above. The chromatographed product (0.653 gm.) recryst.aTl.ised 

from cyclohexane as red needles (0.476 gm.) m.pt. 88-89°C. The mother 

liquors were evaporated, chromatographed as before, and the resulting 

product v/as recrystallised affording a further crop (0.091 gm.)*
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The melting point, N.M.R. spectrum (deuterochloroform) and I.R. spectrum 

(Nujol) of the product and of 3-thioformyl-2-methylindoliaine (LXÎÏÏb) 

were identical. The total yield was thus 0.567 gm. (33%).

(c) 3-FormyI-2-methylindoliaine (LXIIfe) was prepared as described 

later in this section. To a stirred solution of this aldehyde (1.59 gm., 

10 ra. moles) in dry pyridine (50 mis.) was added phosphorus pentasulphide 

(1.37 gm., 6.0 rn. moles), portionwise over 5 minutes* The dark-brown 

reaction mixture was stirred at 55^0 for one hour, then poured into 

water (1000 mis*). The aqueous mixture was extracted with ether, 

and the dark red ethereal extracts were washed successively with 

IN hydrochloric acid solution thrice, water thrice and dried (Na SO ). 

Evaporation of the extract afforded a red-brown solid which was chromato

graphed as before I (a) and (b) above] . The chromatographed product, 

a red solid (1.172 gm., 67%), recrystallised from cyclohexane as red 

needles (0,878 gm.) m.pt. 88-83.5^0. Evaporation of the mother liquors, 

follov/ed by chromatography as described above, and by recrystallisation 

from cyclohexane, yielded a further crop (0.149 gm.), bringing the total 

yield to 1.02 gm. (59%), The melting point, M.M.R. spectrum (deutero- 

chloroform) and I.R, spectrum (Nujol) of the product and of 

3-thioformyl-2-methylindolizine (LXIIIb)were identical.

3-Thioacetyl-l,2-dimethylindoliaine

A solution of phosphorus oxychloride (1.35 gm., 8.0 m. moles) in 

dimethylacetamide (7 mis.) was added dropwise over 5 minutes to a stirred
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solution of 1,2-diinethylindolizine (0.725 gm,, 5.0 m. moles) in dimethyl- 

acetaraide (5 mis,), The reaction mixture v/as then stirred for four 

hours at 60^C, poured into a solution of 2-M-aqueous sodium hydrogen 

sulphide (25 mis.) and dirl'üted v/ith water (100 mis.) The aqueous 

mixture, which had deposited a brown solid, was extracted with ether, 

and the red ethereal extracts were washed six times with water and dried 

(NagSO^). Evaporation of the extract afforded a reddish-brown solid 

v/hich v/as dissolved in benzene and chromatographed on alumina 

(15 cms. X 2.5 cms.) using a benzene (80%): ether (20%) mixture as

eluant (200 mis.). The first 50 mis. of eluate were colourless and 

v/ere discarded. The succeeding red eluates, v/hen evaporated, afforded 

a red solid (0,772 gm.) v/hich was shown by T.L.C. analysis to contain 

one major yellow component together with two minor colourless components. 

Two recrystallisations from cyclohexane were necessary to remove the 

impurities. 3-Thioacetyl-l,2-dimethylindolizine (LXVb ) (0.382 gm.)

was obtained as copper needles, m.pt. 156-158^0.

Found C 71.1%; H 6.5%; S 15.7%

CigHigNS Requires C 70.9%; H 6.5%; S 15.8%

• Molecular Weight Found 204 (Vapour Pressure Osmometry)

3̂ ^ Requires 203•30

The combined mother liquors from the recrystallisations v/ere evaporated, 

and the residue v/as dissolved in benzene* The solution was chromato

graphed on a column of alumina (25 cms. x 1,5 cm.). Elution v/as first 

with benzene (100 mis., 2 fractions), then with a mixture of benzene (95%)
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and ether (5%) (120 mis., 3 fractions). Of the 5 fractions taken, 

only fractions 3 and 4 contained product and were essentially homogeneous 

on T.L.C. examination. Recrystallisation of the combined product from 

these fractions from cyclohexane afforded a further crop of 3-thioacetyl-

1,2-dimethylindolizine (LXVb ) (0.281 gm.) which was homogeneous. The 

total yield was thus 0.663 gm. (66%).

Attempted Preparation of 2-Thioformylpyrrole

Phosphorus oxychloride (3.88 gms., 22 ra. moles) was added to 

dimethylformamide (10 mis.) and the resulting solution was stirred for 

ten minutes at room temperature. To this was added dropwise over five 

minutes a solution of pyrrole (1.34 gm., 20 ra. moles) in dimethylformamide 

(10 mis.). The mixture was stirred for ten minutes and then heated at 

84^0 for fifteen minutes. After being cooled, it was poured into a 

solution of 2 M-aqueous sodium hydrogen sulphide (100 mis.). A light 

orange precipitate formed together with a dark gum. The mixture was 

further diluted with water (100 mis.) and extracted with ether. The 

gum was insoluble in ether and was accordingly dissolved in methylene 

chloride. Both extracts v/ere washed six times v/ith v/ater and dried 

(Na SO )* Both the cherry red ethereal extract and the dark red methylene 

chloride extract yielded "elastic", gummy material on evaporation. The 

residues were intractable and appeared to be polymeric in nature.
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3-Formy1-2-methy1indolia ine

3-Formyl-2-m0thylindolizinQ ( LXII la)was prepared by a Vilsraeier 

reaction in the same way as its thio-analogue described above.

Preparation of the solution of the Vilsraeier Salt ( LXI ) (10 ra. moles 

scale) was identical with that described in the preparation of 

3-thioforrayl-2-methylindolizine. This solution was poured into 2 N-aqueous 

sodium hydroxide solution (150 mis.), and the mixture was extracted with 

ether. The ethereal extracts were washed six times with water, dried 

(NUgSO^) and,when evaporated, afforded a greenish crystalline mass 

(1*512 gm*). Sublimation at 0.1 m.m. (block temperature 95^0) yielded 

a pale yellow solid (1.43 gm*, 90%) which was essentially homogeneous to 

T.L.C. analysis- Recrystallisation from petroleum ether (40-60^) afforded

8-formyl-2-methylindolizine (LXIIIa) as colourless plates m.pt. 56”57^C.
44 o(lit. 56.5-97.5 C).

Reduction of 3-Formyl-2-methylindollzlne

A solution of 3-formyl-2-methylindolizine CLXIIId) (0.795 gm*,

5.0 m. moles) in anhydrous ether (20 mis.) was added dropwise over 03." 

minutes to a stirred solution of lithium aluminium hydride (0.665 gm.,

17.5 ra. moles) and aluminium chloride (4.68 gms. 35 m. moles) in 

anhydrous ether (120 rals.). The addition of each drop caused the tran

sient formation of an orange solid. After completion of the addition, the 

colourless reaction mixture was stirred at room temperature for one hour, 

before being poured into an excess of ice-cold 0.1 N sulphuric acid
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solution (100 mis*). This was shaken and allowed to stand for ten 

minutes, then basified (NagCOg), and extracted v/ith ether. The 

ethereal extract was v/ashed twice with v/ater, dried (K̂ CÔ ,) and upon 

evaporation yielded a viscous brown oil (0.603 gm.). Distillation at 

13 m.m. (block temperature 140-150^0) afforded a pale yellow oil which

quickly crystallised to an almost colourless crystalline mass (0.291 gm.,
o 44 Q40%) of 2,3-dimethylindolizine, m.pt. 30-38 C (lit- 39*5-40.5 C)_* The

N.M.R* spectrum (trifluoroacetic acid) and I.R. spectrum (Nujol) of this

compound and of authentic 2,3-dimethylindolizine were identical*

3-Acetyl-l,2-dimethylindolizine

The reaction was carried out according to the general procedure 

cited previously for the acétylation of pyrrolo[2,1-fo] thiazoles. 

l,2~Dimetliylindolisiine (0.726 gms., 5.0 m* moles) was used and sodium 

acetate was omitted. The residue from evaporation of the methylene 

chloride extract (0*956 gm.) sublimed at 0.1 m.m. (block temperature 

]20~125^C) yielding a yellow crystalline mass (0.88 gm., 91%). Crystalli*

sation from cyclohexane gave large straw-coloured needles of 3-acetyl~l,2-
127

dimethylindolisine ( LXVa ) m.pt. 99-lOO^C. (lib, 99-lOO^C).

3-Acetyl-2-methylindolizine

The reaction v/as carried out under conditions identical with those 

employed in the previous experiment. 2~Methylindolisine (0.326 gm.,

2*5 m. moles) was used, sodium acetate being omitted. The residue from, 

the methylene chloride extract (0.483 gm.) sublimed at 0.1 m.m. (block
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temperature llO^C), affording pale yellow crystals (0,387 gm,, 90%), 

homogeneous to T.L.C, analysis, Recrystallisation from cyclohexane,

gave 3-acetyl-2-methylindolizine ( LXIV ) as fine colourless needles
Q 44,40qm.pt. 80.5-83 C. (lit 83 C).

3-Formy1-1,2-dimethylindole

3-Pormyl-l,2-dimethylindole (LXVIa) was prepared in an analogous 

manner to 3-thioformyl-l,2~dimethylindole (LXVIb) except that 2N-aqueous 

sodium hydroxide was used to decompose the Vilsmeier intermediate salt*

1,2-Dimethylindole (0,725 gm., 5*0 m.mole) was used. When the solution 

containing the Vilsmeier salt v/as poured in 2N-aqueous sodium hydroxide 

solution (50 mis.) a creamy-white crystalline solid was formed. This 

was filtered off, washed well with water and dried to constant weight 

(0*748 gms., 87%) in vacuo over phosphorus pentoxide. The product 

crystallised from a mixture of benzene (40%) and cyclohexane (60%) as 

colourless prisms of 3-formyl-l,2-dimethylindole (LXVIa) m.pt, 130-131^0 

131-132°C).
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Ẑ / /A.t̂ (Mk , ^  ,6/w, (̂ (ZF'JCtic/xTyj g

^  t» _^^.f s(c .V&!%3WM%ŴWg%B52:;S3R«KWatr 9 «s/
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(diK) P   ̂ /k A  (fj,)
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/. 4̂*' 3T AA*». /gwr, J4Af.
JL d&r. 4a/f/ /?Ao.

j- <% d%&6̂ / r vdb̂ AkV ^
/(/([*". .̂Awihv. ,1̂.̂ J»Ar) 4ff'

4. //. /«v^ty , Ab. Su,6, Æ  /U4~V
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