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GENERAL INTRODUCTION

The increasing importance of thiagzole derivatives in biochemiecal,
pharmaceutical and also in technical fields makes it highly desirable to kmow
as much as possible about them, The penicillins, produced by a mold, the
first antibiotics to be used in medicine, contain the thiazole ring system. -
Sulfathiazole, that is p-aminobenzenesulfanilamidothiazole, is still very
widely used as an effective bactericide, Thiazole derivatives, namely 2=,
4= and 5-phenylthiazole, 2-, 4~ and 5-(p-aminophenyl)-thiazole, 2-, 4~ and
5-(p=hydroxyphenyl)-thiazole, are known, besides other thiazole-containing
compounds, as active antitubercular drugs. A4-Methyl-5-(8-hydroxyethyl)-
thiazole is the thiazole half of thiamine chloride, otherwise known as
vitamin Bl. Derivatives of 2-mercaptothiazole, such as 2-mercaptobenzo-
thiagole, commonly known as captax, or 2-cyclohexaminomercaptothiazole along
with many other thiazole derivatives, are used as valuable rubber accelerators,
Heilbron (1) mentioned in his review article the use of the derivatives of
| S5=-amino~-2-mercaptothiazole and 2-mercapto-5-thiazolone in the synthesis of
amino acids and peptides.

The objective of the present work was firstly, to investigate the
reactivity of the methylthiazoles in certain condensation reactions. The
first group of reactions inwvolved the condensation of methylthiazoles with
anhydrides of aromatic dicarboxylic acids, such as phthalic, naphthaliec,
diphenic and pyromellitic anhydrides. The reactions were carried out by
heating the mixtures of the components for several hours. The second group
of reactions used in this investigation was the Mannich condensation, in
which methylthiazoles were taken into reaction with formaldehyde and secondary




amines (morpholine, piperidine and dimethylamine).
The second objective of this work was to measure for the first

time the infrared spectra of unsubstituted thiazole and methylthiazoles, and
to find the correlation between the structure of these compounds and their

spectra,
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HISTORICAL INTRODUCTION

The physical and chemical properties of thiazole and methylthia-
goles are similar to those of pyridine and methylpyridines. The nearness
in boiling points of thiazole (116.8°)(2) and pyridine (115.5°)(3) is shown
also by the methyl derivatives of these compounds, The similarity in the
physical properties of 2-methylthiazole (b,p, 127,5-128) and 2-methylpyridine
(128° + 0,7°)(4) was first reported by Arapides (5), Hantzsch (6) and Popp
(7)s The odours of the thiazoles are frequently similar to those of the
corresponding compounds in the pyridine series. The solubility of the thia-
zoles in water may be compared with that of pyridines. Pyridine and the
three picolines are miscible in all proportions in water; thiazole is very
hygroscopic, and 2-methylthiazole and 4-methylthiagzole are miscible in all
proportions., Similarly to the dimethylpyridines, 2,i~dimethylthiazole and
2,5-dimethylthiazole are more soluble in cold than in warm water,

Thiazole, like pyridine, is resistant to substitution reactions.
Bromination in both cases can be accomplished only in the vapour phase at a
temperature of about 300¢ (8, 9, 10, 11) and nitration and sulphonation (12)
can be effected only under drastic conditions. By analogy with pyridine,
thiazoles, for example L-methylthiazole, add sodamide to form 2-amino=i-

methylthiazole (13, 14).
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Synthesis of Thiazole and Methylthiazoles

Thiazole and its methyl and dimethyl homologues are considered
to be rare chemicals., The preparation of these compounds is cumbersome.
Their syntheses involve the use of some lachrimatory haloketones or halo-
aldehydes and phosphorus pentasulphide or thiocamides of carboxylic aclds
possessing an unpleasant amell, Methylthiazoles themselves are skin-
irritating and poisonous substances, therefore their preparation and hand-
ling require great care.

Thiazole (III) was first prepared by FPopp (7) by diazotizing
2-aminothiazole and decomposing the diazotized product. The disadvantage
of this method - besides the poor yleld - is that, due to side reactions,
only small amounis of 2-aminothiagole can be diazotized at a time. Synthesis
of thiazole, condensing thioformamide (II) with chloroacetaldehyde (I) was
first reported by Willstitter end Wirth (2) in 1909. The methed affords
only a very low yield, Mclean and Muir (15) obtained thiazole in an
excellent yileld by zinc dust distillation of 2-chlorothiazole

g N T

. - AN ]

H,»C CH ___ > HC CH + HC1l + H-O

a1 HS— ~Ng~” 2
(1) (11) | (II1)

Hantzsch (16) condensed o/, S -dichlorodiethylether with thioacetamide
(IV) and obtained some 2-methylthiazole (V) in very poor yield. The poor
yield can be attributed to the fact that hydrochloric acid, which decomposes
the thioacetamide, is liberated during the reaction. Hantzsch (6) later
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improved this method by using monochloroacetal (VI) instead of dichloro-
ether. The yield was a little better,

CH, -C1 HN CH—N
2 + X C-CHy — 5 | I
CH(OCH5)2 S CH /C-CH3
S
(v1) (zv) (V)

Erlenmeyer and Prijs (17) greatly improved the yield by condensing thiocacet-
amide with chloroacetaldehyde hydrate (2CH2C1-CHO + H20) in the presence
of acetic anhydride and benzene.

Arapides (5) prepared L~methylthiazole (VII) by reduction of
l~methyl~2-hydroxythiazole and Popp (7) by diazotization of 4~methyl-2-
aminothiazole. These methods are cumbersoms and afford only very poor
yields, A convenlient method of preparation is given by Clarke and Gurin
(18). They refluxed a mixture of thioformsmide (II) in absolute alcohol
and chleroacetone (VIII) for one hour. The yield of A-methylthiazole is,
however, low. Ganapathi and Venkataraman (19) synthesized thiazole deriv-
atives, unsubstituted in position 2, by condensing an «=-chloroketone with a
mixture of formemide and phosphorus pentasulphide., This method can be used
for the preparation of L-methylthiazole and the yield is considerably better
than any previously reported methods.

When o=chloro or o(~bromopropionaldehyde (IX) is heated with thio-
formemide (II) in absolute ether, condensation occurs and 5-methylthiazole
(X) is formed, Erlenmeyer and Schmidt (20) observed that the use of o{~bromo-
propionaldehyde assures a considerably higher yield. McLean and Muir (15)
used thiourea instead of thioformamide and the resulting 2-amino-5-methyl-
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thiazole was diazotized and transformed by subsequent treatment with concent-
rated hydrochloriec acid into 2-chloro-5-methylthiazole from which they obtained
S5-methylthiazole by heating it with glacial acetic acid in the presence of

zinc dust.
HC=0 HN\ _ Hﬁ —_—— Iﬂ
CH3-CH + CH CH3—C H
\Br Hb/ \S/c
(Ix) (11) (x)

The preparation of 2,4-dimethylthiazole (XI) was given by Hantzsch
(6,16) in 1888, This compound wes obtained in a rather poor yield by gentle
heating of a mixture of thioacetsmide (IV) and chloroacetone (VIII). An
improved method for the preparation of (XI) where phosphorus pentasulphide,
acetamide and chloroacetome were allowed to react in benzene as solvent, was

presented by Schwartz (21).

CH3 C 0 HN CH3— C N
) Seog A
HaC + C—CH3 Hi S/D-CHB
" i} \
(viII) (1v) (xx)

The condensation of n(-chloropropionaldehyde (XI1) with thioacet~
amide (IV) resulted in the formation of 2,5-dimethylthiazole (XIII). This

method, first reported by Hubacher (22), gave a trifling yield. Gabriel's

(23) method of heating acetylaminoacetone (CHB-ﬁ-NH-Cﬂa-(').-CH3) with phosphorus
0 0
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pentasulphide also leads to the formation of (XIII)

HC=0 HN HC rT
é >_c SN | |
CH3- {i\ + H3 CHB-C C-CH3

o s o
(XII1) (Iv) (XII1)

Improved methods for the preparation of thiazole and of some
methylthiazoles will be described in this presentation in the "Experimental®,
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The Structure of Thiazole

Thiazole and its derivatives seem to possess aromatic character
by virtue of their general properties. ILike other aromatic compounds,
thiazole exhibits great stability and also exhibits an unusual resistance to
chemical attack, despite the fact that multiple linkages are present. Their
characteristic reactions - as is the case in other aromatic compounds, are
substitutions rather than additions.

Erlenmeyer and his coworkers (24; 25) studied the structure of thia-
zole in order to find a satisfactory explanation for the reactivity of subst-
ituents of C2, C4 and Cs5 of the thiazole nucleﬁs. The classical formmla of
thiazole (III) was found to be inadequate to explain the experimental facts.
Taking pyridine (XIV) as an example, the symmetrical arrangement of the C-N-C
group can easily be demonstrated, not only by the‘fact that there is no diff-
erencé of reactivity of a substituent - for example methyl group - attached
to the carbon atoms on either side of the nitrogen atom, but also by the
fact that the 2- and 6-derivatives of pyridine are identical. On the other
hand, a comparison of the chemical properties of the 2- (III) and 4 (Iv)-
derivatives of the thiazole shows the lack of éyﬁnetry of the C-N-C group in
the thiazole mucleus., In the structural formila (I) the distribution of

— 'y s
‘/ e L
1l l

(II1) (xIv)




9.

valences excludes the possible Moscillation" of bonds, as is assumed in
pyridine, and leads to the fixing of single and double bonds. Considering
this structural formula, the properties of 2-thiazole derivatives (XV) evid-
ently will differ from the properties amd behaviour of the corresponding
isomers containing the same groups in position 4 (XVI) and 5 (XVII),

CL, T L)

(xvI) (XvII)

Characteristic differences could especially be shown by a comparison
of behaviour of a 2-thiazole derivative with the corresponding i4~thiazole
derivative. The tautomeric equilibrium of 2-methylthiazole (V) can be
formulated in a similar manner to that postulated by Chichibabin (13) for
2-methylpyridine (XVIII), The case is different with A-methylthiazole (VII),
Assuming an ethylenic, non-aromatie (that is permanent, non-oscillating)
double bond between C; and C5, no corresponding tautomeric forms can be
written,

N NH X
[l J_CH [' )=CH2 I > I
3 s N y/ H3 N CH3

S

V) (Xviiyr)




10,

Erlemmeyer and Weber (24) found, using the deuterium exchange
method, that the exchange of hydrogen atoms of 4~methylthiazole-5-carboxylic
acid (IX) proceeded in accordance with a tautomeric equilibrium, They stated
therefore that there is no justification for assuming the presence of an
ethylenic double bond and that there is an aromatic double bond between C;
and C5. On this ground Erlenmeyer and Weber suggested the following formml-~
ation of the 4-methylthiazole-5-carboxylic acid (XIX), The question of the
possible existence of this proposed structure will be discussed later,

CH c N CH NH
3 | E Hy __ CHy
HOOC H00C L /) HOOC -\ //,
s s s

(xxx)

According to Erlemmeyer and Weber the exchange reaction of a 4=
methylthiazole derivative with deuterium oxide leads to the result that
thiazole cannot be represented by the classical structural formmla. It was
demonstrated that four hydrogen atoms were exchanged by dissolving A~methyl-
thiagole~5-carboxylic acid (XIX) in deuterium oxide. This means that besides
the carboxylic hydrogen, the hydrogen atoms of the methyl group are also exch-
angeable., Under the same experimental conditions, methyl hydrogens, as in
2-methylbenzoic acid (o-toluic acid) are exchangeable, The occurrence of
an exchange reaction is a good indication of the existence of tautomerism.

One may therefore assume that a tautomeric structure, comparable to the known
tautomerism of 2-methylthiagzole, exists in the case of L-methylthiazole.

Such tautomerism, however, appears to be possible only for 2-methylthiazole

(V) according to the distribution of bonds in the classical structural formmla,
but not for A-methylthiazole (VII).




Their experimental results, concerning the interchangeability of
hydrogen atoms of the A-methyl group, led Erlenmeyer and Weber to the conc~
ept that resonance between several formulae, and tautomerism, can be assumed
for 4-methylthiazole (XX). Such a formulation could explain the arcmatic
character of the thiazole ring. Modern concepts of the spatial distribution

cH N CHg=C —— N CHy=C B

!
L= "]

of valence bonds, however, preclude consideration of a structure cmtaining
t !

two cunmlated bonds C Sg //C. Such a system containing tetracovalent
sulphur must be linear, and the thiazole nucleus would be unable to accomm-
odate this group without prohibitive strain, The kmown stability of thia-
zole is inconsistent with a strained structure.

In 1939, exploring the preblem of the chemical behaviour of thia-
zole, Ochiai and Nagasawa (26) concluded that the carbon atom in 2-position
is active towards nucleophilic reagents but inactive towards electrophilic
reagents. Furthermore it was also found that when C2 is substituted, either
by san amino group or by a hydroxyl group, the reactivity in positioem 5 is
highly increased towards electrophilic reagentes. The following structures

(XXI), (XXII) illustrate these properties.

c N(J-) c N
I I gl N

C C(5+ CZOH(S+
~g (§+) RSN (8+)

(xx1) (xx1I)




As a result of their investigation, a few years later, in 1941,
the same authors (26) proposed the resonating structures of thiazole., It
is significant that in these structures the use of tetravalent sulphur was
entirely omitted. Among the given structures, (XXIII), (XXIV) and (XXV)
can be regarded as more important than the structures (XXVI), (XXVII) and

(xxvIII).

_— c N ¢ ® N ¢ N

NN ff——vI ISP

et O S/ N SN
P @

(XXTIIT) (xxIV) (xxv) (xXxXVvI) (xxviI) (XXVIII)

Finally, the structure and aromatic nature of thiazole can be ex-
plaired by the molecular orbital theory, The nitrogén atom and each carbon
a.tom contributes one Tlelectron and the sulphur atom two Telectrons to the
aromatic sextet, The two electrons of sulphur appear to resemble very
closely the T electrons in a =CH=CH- group of an aromatic molecule. The
p-orbitals of the nitrogen and sﬁlphnr atoms overlap with the p—orbital
of the carbon atoms to form a molecular orbital of the thiazole molecule.




Theoretical considerations

Pullman and coworkers investigated the structure of thiazole and
benzothiazele from a theoretical point of view. The structures of thiazole
(XXIX) and benzothiazole (XXX), represented by the molecular diagram shown
below, were given by Pullman and Metzger (27,28,29). The molecular diagrams
show such parameters as |

(a) electric charges,

(b) bond order,

and

(c) free valences
which are necessarily approximative., The absolute values of the chlargea and
bond orders are subject to modification, with an eventual improvement of the
calculations. It is however fairly probable that the relative values would
be only slightly changed.

22—y 1630 po—2H8 HPISI g
. 10.7TrS 0528
HC '05%  CH 0.980 HC CH HC' 0404 CH g488
\ S/ o.ssg A‘ns \S /
1,335 |
(a) (b) (e)

The molecular diagram of thiazole (XXIX)




1.004

CHQ::I\ C———N 1676

103t

1023 (JH 0.902
C\ s/

1964

(a)

1.002

cH”

0994

C

06428
T@:\ C
CHO.398 ,

C
0.494

C o0.162

(c)

o.né

CH o2

The molecular diagram of benzothiazole (XXX)

The diagrams (XXIX and XXX) previously given, show that the largest

free valence index is ~ in both molecules - on carbon 2.

the only carbon atom which underwent an appreciable electrical discharge.

Moreover, this is

A

qualitative reasoning suggested that only the methyl group occupying this

position should be activated.

It also seems natural - according to Pullman's

work - that this activation should be stronger in the case of 2-methylbenzo-

thiazole than in the case of 2-methylthiazole.

The explanation of this pheno-

menon is that, although the 02 of the benzothlazole has a slightly smaller

free valence index than the same carbon atom of the thiazole, its net positive

charge is much larger.
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The diagrams of the methylthiazoles (XXXI, XXXII, XXXIII) and of
2-methylbenzothiazole (XXXIV) give quantitative confirmation of these conc-
lusions. The percentage of conjugation of the methyl group with the whole
of the molecular periphery - of which the magnitude determines the activation
of this group - can be deducted from one of the three following quantities:

(1) the charge carried by the Hy group; the difference between this charge

and unity shows the number of electrons transferred towards the ring; (ii)

the mobile index of the camm."caliph. 3 in the absence of any conjugation this
bond would be the single bond and its mobile index would be O; (iii) the bond
order of the CzHy bond assimilated to a pseudo-triple bond; the greater

the hypercenjugation of the alkyl group, the amaller is this order.

0.472
1014 N 693
0.76% 0.523
1.062 [ 036 0. 1" o. 542 0.0 0.7y 0.906 0. ,‘5
o100 0. svo
) 362
(2) \ (b) (c)
2-Methylthiazole (XXXI)
0154 1038 0“, 018y 0Ae4 o542
o‘ISS c N H3 e 0.300 N
0.759 0517
1.08% 0914 0.552 o243 )o.s'zz
0.65% S
1.334
(a) (v) (c)

L-Methylthiazole (XXXII)
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o 1631 e . eme—N
0.958 1038 0.%3 osd
H3 C 1.0\6 0-“31_13 0982 oig2 ase? ) 1.15‘5_0_ &396 0.499
S 76107 \ S
1347
(a) (v) ()

5-Methylthiazole (XXXIIT)

1.004

H3

0392 1.396

0443}

©.348

0.404

9.4%

(e)

2-Methylbenzothiazole (XXXIV)
The examination of these three quantities in the molecules mentioned
above indicates that actually the activation of the methyl group increases
in the order j-methylthiazole {5-methylthiazole {2-methylthiazole < 2-methyl-

benzothiazole., Pullman and Metzger (27) found that the activation of the

mothyl group on an aromatic ring as, for example, in toluene (XXXV) is not
as pronounced as in the heterocycles. The phenomenon is due in major part
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to the inductive effect of the nitrogen, which attracts the electrons of

the alkyl group.

H3 0458 H3 H3
| | 0.a82 |
C t.038 [ C 0.567
0.183
0.960 0.239
1LOVT {658 o.408
0.66%
0999 0.39%
Lon 0-685 0.4023
(a) (b) (e)
Toluene (XXXV)

It was also found by using purely theoretical approaches - partic-
ularly the methods of molecular orbitals and molecular diagrams - that the
differences between the reactivities of methyl groups attached to the 2 and
5 positions depended on the degree of conjugation of those two substituents,
The degree of conjugation is influenced by the deficiency of charges of
aromatic carbon. The methyl group is characterized, in general, by its
tendency to give electrons to an aromatic ring. This tendency should be
augmented when a strong positive charge is present on the carbon atom to
which this substituent is attached.

There is a considerable difference between the 2 and 5 carbon atoms
of the thiazole regarding their electrical charges and their free valences.,
As calculated by the molecular orbital method, naturally the methyl groups
attached to these two carbon atoms will differ considerably in their re-
activity. The molecular diagram of thiazole clearly indicates a stronger
discharge and a greater free valence for carbon 2 than for carbon 5, Ome
can therefore state that a methyl group attached in position 2 will be more

reactive than a methyl group in position 5. The same differences can be
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observed by comparing C, and CA, and the methyl groups attached to these
carbon atoms. Both the carbon atom in position 4, and the methyl group
| attached to it, are inert. These facts, found by Pullman and Metzger
using theoretical methods, were also proved by other workers,

The similarity between the reactivity of methyl groups attached to
thiazole and to pyridine was first observed by Mills and Smith (30) in 1922,
Until that time, the reactivity of methyl groups attached to the pyridine
nucleus had already been studied in numerous cases. The interaction between
2-methylpyridine and phthalic anhydride was reported first by Jacobsen and
Reimer (31). Tramb reported the condensation of 2-methylquinoline with
phthalic lanhydride (32). In both cases yellow-coloured substances, phthal-
ones, were obtained. Schuster (33) carried out a reaction between benzalde-
hyde and 2,6-dimethylpyridine in the presence of zinc chloride, obtaining
the dibengzylidene derivative (Ph-CH:CH —©~ CH:CHePh). By reacting
2-methylpyridine with benzaldehyde, H. Baurath (34) synthesized {-stilbazole.

A review of .cyanine dyes by Doja (35) and later by Hemer (36) des-
cribes the ability of quarternary quinolinium and lepidinium salts to form
cyanine dyes. Any heterocyclic compound having a reaetive methyl group
can be used for the preparation of cyanine dyes (37, 38, 39, 40). The true
cyanines, of which ethyl red (XXXVIII) is a typical example, are obtained
by the action of alkali on a mixture of quinoline alkiodide (XXXVI) and
lepidine alkiodide (XXXVII) (41). When the condensation of two heterocyclic
compounds, both of which contain active methyl groups, is carried out in the
presence of formaldehyde, ethyl orthoformate or chloroform, carbocyanine is
formed. In the simplestof these reactions quinaldine ethiodide (XXXIX) is
condensed with formaldehyde to yield 1,1!'-diethyl-2,2'-carbocyanine iodide
(XL) (42). Similerly, derivatives of 2-methylthiazoles (43) have ylelded
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the so=called thiocarbocyanines, used as valuable photosensitizers.
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I AN N = S .
- 1
2 N/ (}13 I + CHZO'_’ N CHeCH=CH I
0H " C.H
| 275 _ B 02H5 25 __J
(XXXTX ) (xw)

In 1939, Taurins (i4) Btudiﬁd the condensation of naphthalic anhy~
dride with 2-methylpyridine, 2,4-dimethylpyridine, 2,6~dimethylpyridine and
2,4, 6~trimethylpyridine. The products obtained were named naphthalones.

It was found that only one methyl group entered into condensation reaction
with naphthalic anhydride and neither the second methyl group in the dimethyl-
pyridines, nor the third methyl group in trimethylpyridine reacted, Thus

the condensation of 2,4~dimethylpyridine (XLI) with naphthalic anhydride
(XLII) yielded 2-(4~methyl-2(IH )pyridylidene]-1,3-perinaphthindandione
(XLI1I). 2,6~Dimethylpyridine behaved similarly. The condensation of
2,4,6~trimethylpyridine (XLIV) with naphthalic anhydride yielded 2-[4,6-di-
methyl-2(IH.)pyridylidene] -1,3-perinaphthindandione (XIV).

N

| . d _ @c/
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(xI) (xLII) : (XLIII)
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In the same year, the condensation of diphenic anhydride with methyl-
pyridines was described by Taurins (45), Here again only ome methyl group
took part in the condensation reaction yielding the so~called diphencnes.,
These compounds contain a seven membered ring and their colour is less
intense than that of phthalones or naphthalones, As example, the structures
of quinodiphenone (XIVI) and pyridodiphenone (XLVII) are given below. The
condensation of 2-methylquinoline with diphenic anhydride resulted in the
formation of 6—[2(1H)-qu:i.noly].'i;dene,]-dibenz(a.,c)cycloheptadiene-5,7—dione
(XIVI) and the condensation of 2=-methylpyridine with the same acid anhydride
led to the formation of 6-{2(1H)pyridylidenel-dibenz a,c cycloheptadiene-5,
7-dione (XLVII).

m/g ) /‘
N C N ¢
)

(xLv1) (xXLvII

[o)-e]

The structure of phthalones was studied by Eibner and coworkers
(46, L7, 48, 49) and also by Kuhn and Bir (50), They examined the struct-
ure (XIVIII) of cuinophthalone, as suggested by Eibner on an arbitrary
basis and indicated that there is a lack of conjugation between the benzene




ring and the quinoline nucleus, This structural formmla does not explain
the bright yellow colour of the cbmpoumi.

o on
~u L1 SO0
g/CH N C e \N

(xIviiz) (xm?

The possibility of an enolic form (XLIX) was rejected, because the
methylation of the compound gave an N-methyl derivative, the structure of
which was established by oxidative degradation. Kuhn and Bg,r suggested
that phthalones possess either the "indigoid" structure (L) or they exist
as Zwitterions (LI) (51). The N-methyl quinophthalone (LII) gave, en
oxidation, one molecule of phthalic acid and N-methyl-2 quinolone (LIII),
Similarly, the oxidation of N-methyl-pyridophthalone yielded phthalic
aeid and N-methyl-2 pyﬁdone. These results were in agreement with the
similarity of the absorption spectra of N-methyl-pyridophthalone and
pyridophthalone. Thus the indigoid structure accounts for the colour of

the phthalcnes.

0
C\(::_—::/D liJic//\§ei\xﬁI
N de H
H

Q/
0
(L) (11)
Q COOH
G0 = Q-0
C +
N

(LI1) (LIII)
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Colour and constjitution
The colour of &n organic compound, according to the classical

theory postulated by Lewis and Calvin (52) is due to the oscillation of
electrons in the molecule. Bury (53) stated that "the intense absorption
of light that characterizes dyes is due to an intimate association of
chromophore and resonance in the molecule". As observed by Willstatter
and Picard (54), certain compounds containing the quinonoid structure were
colourless, but the introduction of a chromophore group to certain positions
of the molecule results in the possibility of resonance and consequently the
development of colour.

In a series of studies Brooker (55) and coworkers investigated
and explained the colour of certain cyanine dyes on the basis of the resdn-
ance theory, according to which the molecule of a cyanine dye, such as (LIV),
is considered to be a resonance hybrid of two extreme states, the intense
colours of the cyanines being attributed to such resonance. Thus in the case
of ( LIV ),which is highly coloured, there is the resonance hybrid a b. The

o A
| y o —~o—{ NMe li:(j~cu T e
Me \_/ }‘;e __
) (b)

(a
(LIV)

ionic charge can be on one of the ring carbon atoms or on the atom between
the two rings. It was assumed that resonance of this type is very closely
related to the occurrence of colour in many organic compounds and resonance
structures have been assigned to practically all the principal dye types.
Brooker and coworkers also stated that in the cyanine series, resonance states
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have almost the same internal energy and therefore the mobility of the link-
ages in the conjugated chain is very great. The relationship between the
light absorption and the energy difference of the ground and excited states

is expressed by the following eguation

N\ - he
BB

vwhere h is the Plank's constant, ¢ is the velocity of light, Eq-Eq is the
difference in energy of the ground and excited state. This equation shows
that the wavelengths of light that are absorbed by a substance depend wpon
E1j—EQ. The smaller the difference between the two energy states the longér
the wavelength of light absorption. In the resonating structures, where
separation of charges is present, the molecule is easily transferred to a
higher energy level.

Phthalones are considered to be the simplest of the cyanine dyes.
W. Jenny (56) published an article concerning the relationship between the
structure and light absorption of a simple merocyanine of the structure (LV)
2-[2-(1H)-quinolylidene] -1 (2H)-naphthalenone. He noted the similarity between
the structures of N-methylquinophthalome (LII) and 2-{1-methyl-2(IH)-quinolyl-
ideng] ~1(2H)-naphthalenone (IVI)., The 3C=0 group of quinophthalene is
replaced by a -CH=CH- growp in (IV). The absorption maximm of (IVI) is
in the region of ionger wavelength because the number of the resonating
structures is considerably higher than in the N~-methyl-quinophthalone. Also
the longest possible distance for a mesomeric electron displacement between
the auxochrome }N-Gi; group and the chromophore ;C=0 group goes through five
conjugated double bonds in the N—methyl-quinophthaione. Tle mumber of
conjugated double bonds is nine in (ILVI),
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(LII) (wv1)

The reactivity of methyl groups attached to thiazole ring has been
studied by several workers, Investigating the reactivity of methyl groups in
heterocyclic bases, Mills‘a.nd Smith (30) found that in its characteristic
reactivity, the 2-methyl group in quinaldine, 2-picoline and in 2-methyl-
thiazole resembles in many ways the methyl group in such compounds as the
methyl ketones and nitromethane., Heinrich (57) and Vorlander (58) suggested
that the 2-methyl group in "the pyridine and aquinoline series owes its
reactivity to its being associated with a =C=N- group, the effect of the ~C:N-
on the methyl group in the grouping CH3-C:N-. corresponding with that of the
earbonyl group in the grouping CHB-(\FO of the methyl ketones", In accord-
ance with this suggestion Mills and Smith (30) have shown that the properties
of a methyl group adjacent to the cyclic nitrogen atom in assymetric hetero-
cycles, differ greatly according to the side of the nitrogen atom on which
the group is situated.

At first they investigated the two isomeric 1-, (IVII) and 3-meth-
ylisoquinolines (LVIII), The reactivity of the methyl groups towards benz-
aldehyde was compared and it was found that they are of a different reactivity.
It was found that l-methylisoquinoline (LVII) yielded l-styrylisoquinoline
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3 CH:C!-I.Cé}i5
(IVII) (IVIII) (LIX)

(LIX) when heated with benzaldehyde at 100° in the presence of a small
quantity of zinc chloride. When, however, 3-methylisoquinoline (IVIII) was
heated with benzaldehyde and zinc chloride, no condensation product was
obtained even after prolonged heating.

In a similar menner, Mills and Smith (30) examined the reactivity
of the methyl groups on the thiazole nucleus,

The great difficulties encountered in the preparation of simple
methylthiagoles forced Mills and Smith to use the readily obtainable AL-phenyl-
2-methylthiazole (IX) and 4-methyl-2-phenylthiazole (IXI) in their invest-
igations, They brought (IX) and (IXI) in reaction with benzaldehyde and

phthalic anhydride. It was found that the reaction between (IX) and benza-

06H5T? CH I N
s)mB :s/”'C6H5

(1x) (1x1)
ldehyde and also between (LX) and phthalic anhydride occurred very easily.
In both cases the methyl group in position 2 entered inte a condensation
reaction yielding, with benzaldehyde, L phenyl-2-styrylthiazole (ILXII) and
2~{/~phenylthiazolyl-(2)]~1,3~-indandione (IXIII) with phthalic anhydride.
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On the other hand the methyl group in positlon 4 of (1XI) was found to be
completely inert. No condensation reaction occurred with either of the
reactants,

Erne and Erlenmeyer (59) studied the reactivity of methyl groups
in positions 4 and 5 of the thiazole nucleus, and found that they did not
react in condensation reactions. They reacted A4,5~dimethylthiazole (IXIV)
with formaldehyde and observed that the condensatien had oc@ed at

position 2 resulting in the formation of 2-hydroxymethyl-i,5-dimethylthia-

Ny il g

S

zole (m) .

(IXIV) (Ixv)
The structure of (ILXV) was proved by reacting (IXIV) with phenyllithium,
The resulting product 4,5-dimethylthiazolyl-2-1ithium was breught into
reaction with formaldehyde and the final product was 2-hydroxymethyl—i,5-
dimethylthiazole (1LXV).
k4, 5-Dimethylthiazole was also condensed with benzaldehyde (59).

The reaction occcurred at position 2, yielding a crystalline substance which

was identified as 2-benzoyl-i,5-dimethylthiazole (LXVI) and an oil, 2-bengyl-l,
5-dimethylthiazole (IXVII),
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CH /Ilc.c H CH /LCH -C,H
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(LXVI) (LXVII)

The behaviour of the methyl group in position 5 towards formalde-
hyde ard benzaldehyde was also studied by Erne and Erlenmeyer (59). In
these experiments, 5-metlvlthialzole was used, Here, as in the case of L,5~
dimethylthiazole (IXIV), the methyl group proved to be completely inert.
The corndensation took place at position 2, yielding 2-benzyl-5-methylthia-
zole (LXVIII). The structure of this compound was proved by reacting «-bromo
propionaldehyde (IX) with phenylthioacetamide (IXIX), By reacting 5-methyl-
thiazole with benzaldehyde, Erne and Erlemmeyer demonstrated that the inter-

HC —— OH HN
I . 5y H T
CHB—C C—CHp —CH, ||
NBr HS~~ Oy € S/c — CHy — C4Hs
(1X) (1XIX) (LXVIII)

pretation of Erlemnmeyer and Smith (60), cencerning the fomation of 5-styryl-
thiagole (IXX) wag wrong, He i
Y 4 ¢ ” h
HE C — CH:CH —C H
AN / Ns”

C—C
H H
(1xx)

Finally, Kondo and Nagasawa (61) showed that in the case of
2,4-dimethylthiazole the methyl group in position 2 was able to enter into a
condensation reactien with benzaldehyde, while the methyl group in position
L was inert and remained unchanged. By condensing 2,i~dimethylthiazole (XI)

with bengaldehyde, Kondo and Nagasawa obtained 2-styryl-4-methylthiazole




(LXXI). The structure of this compound was proved by first ozonising (LXXI)
to an aldehyde (ILXXII) which in the second step was oxidized to give A-methyl-
thiamle-z-carbogylic acid (IXXIII). On decarboxylation (IXXIII) yielded 4~
methylthiazole (VII), This substance is identical with the compound prepared

CHB_E_-IN CHg | N
+ OHC.C,H, —> I
s/l' Ch 6 s /IlCH:CH.C6H5

(x1) (1xx1)

-Ozonisation , H3 TN Oxidation COH | N |

5 /'LCHO [ 5 /'L COOH
(IXXI1) (IXXIII)

1 decarb,
CH3 /l_ di sti llationCHT N
0§ Zn dust

[ J
(LXXIV) (v1i1)

by Hantzsch and Arapides (62) and later by Hantzsch (63) by zinc dust dist-

illation of 2-hydroxy-4-methylthiazole (IXXIV).
| The reactivity of the 2-methyl group, using 2-methylthiazole was

studied by Erlenmeyer, Weber et al, (64). 2-Methylthiazole was condensed with

cinnamic aldehyde to obtain l-phenyl-l~(thiazolyl-2)-butadiene (IXI).
Ch—— N

I I
G C~CH=CH-CHCi-C H

(1xxv)
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Pyromellitic dianhydride (LXXVI) can be condensed with various
aromatic hydrocarbons sueh as benzene, toluene, etc, Philippi (65, 66, 67)
described the condensation of benzene with pyromellitic dianhydride, during
which process he obtained 4,6~dibenzoyl-l,3-isophthalic acid (LXXVII) and
3,6~dibenzoyl-1,k=terephthalic acid (LXXVIII) and with toluene the condens~
ation gave 4,6-di-p~toluyl-l,3-isophthalic acid (IXXIX) and 3,6-di-p-toluyl-l,

L~terephthalic acid (LXIX),

u 1
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CH HOO0P XN OH Hy g COOH CHB.
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Seka and coworkers (68,69) and Silberrad (70,71,72) gave further
evidence concerning the ability of pyromellitic dianhydride to enter into

condensation reaction,




The Mannich Cendensation

Study of the beha.viour of methyl groups, attached to the thiazole
ring, in Mannich condensation reaction was the second part of this investig-
ation. The Mannich reaction consists in the condensation of a primary or
secondary amine with formaldehyde and a compound containing at least one
hydrogen atom of pronounced reactivity. The essential feature of the reaction
is the replacement of the active hydrogen atom by an aminomethyl or substituted
aminomethyl group. The reaction was named after Carl Mannich, who first
recognized the significance and generel applicability of this condensation,

The Mannich condensation may be represented in generalized form:

| H ~ by -
R-CH + H-C, + HN R=C~CH-N

\o ~ ) ~

(Ixx1i) (Ixooar) (IXXXIII) (LXxIV)

where (IXXXI) is a compound containing active hydrogen, (IXXXII) is formalde~
hyde and (IXXXIII) is a primary or secondary amine. IXXXIV is the Mannich
product, A thorough review of the literature has been presented by Blicke

(73).

Mechanism of the Mannich Condensation
The mechanism of the Mannich reaction has been studied by several

workers, Mannich and Kr8sche (74) and later Mannich and Kather (75) found
that by mixing formaldehyde with certain amines, an addition compound, namely
an alcohol, is formed. It was suggested that this product is also formed

as an intermediate compound by the interaction of the amine and formaldehyde
during the Mannich reaction. Bodendorf and Koralewsky (76), however, dis-

proved this suggestion on the basis of their experimental findings. They
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found that the condensation of antipyrine with dimethylaminomethanol gave
much poorer yield than when antipyrine was condensed with either formaldehyde
and the amine or formaldehyde and the amine hydrochloride. It was also found
that the alcohol formed by the condensation of amtipyrine and formaldehyde
did not react with dimethylamine at all. Bodendorf and Koralewsky therefore
concluded that neither hydroxymethyl compound satisfies the requirement of
an intermediate.

Formation of methylene-bis-zmine (RQN-CHQ-NHg) was suggested by
Feldman and Wagner (77) as a plausible intermediate step. The preparation
of several Mannich bases was realized by the interaction of methylene~bis-
amines with phenols. Thus, condensing methylene-bis-piperidine with l-naphthol,
they obtained 2-piperidino-methyl-l-naphthol (ILXXXV) and similarly l-piperi-

dinecmethyl-2-naphthol, by using 2-naphthol.
OH
N -CHQ—N-CsHlo

=

(LXXV)
A few years later Lieberman and Wagner (78) presented another approach to a
possible mechaniem. A eation, RN-C® is formed from the condensation products
of the formaldehyde and amine which carbines with the anion of the reactive
hydrogen compound. .Acidity of the reactive hydrogen compound and/or added
acid induces the formation of the cation, while the presence of bases (for
example the amine present, or added alkali) helps the formation of the amion.
It has been experimentally shown that excess of acid interferes with the
primary condensation of the eamine and formaldehyde and also depresses the ion-
izatien tendency of the compound containing the mobile hydrogen. On the other

hand excess of alkali may decrease or even prevent the formation of the catien
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RzN—C" s thus obstructing or preventing the reaction. It has been suggested
that the cation originates in the alkylidene-bis-amine, which is the conden-
sation product of the aldehyde and amine. This view was strengthened by
experimental evidence when Mannich condensation products were obtained in
normal yields using methylene-bis-amines instead of amines and formaldehyde.
Wagner (79) outlines the way in which the different results of
acid-induced reactions of formaldehyde with amines and of the condensation
products of formaldehyde and amines, i.e., methylene amines or Schiff bases,
methylene-bis-amines, etc., may be correlated by the assumption that these
condensation products, by acecession of a proton, are convertiblé to a common

cation. This is shown in the table below.

! g | B H +
A.) RN-CHp~OH = |R-N-CH,~OH === R-N-CH,-OH,
H
Armonium-Oxonivm ion + Hy0
(AH)*
H+ H — H +
B.) RN=CHp ——= | R N=CHy ™ R N-CHp
Common ammonium-carbonium ion
(B.H)* + BNH,
) ge | B . B *
Ce. - RN-CH_-N-B —— | R*N-CH,-N-R ~— RN-CH_-N-R
H 2H H “H H 2H

Ammonium ion (C.H)'

By taking up one proton, the methylolamine (A) forms an ammonium-

oxonium ion (A.H)* and similarly the methylene-bis-amine (C) forms an amm-
onium ion (C.H)*. It can be seen in the table that while the oxonium ion

contains the element of water properly cembined as such, the ammonium ion
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contains a molecule of amine as such. loss of water or amine respectively
results in the common cation (B.H)'*1 the ammonium-carbonium ion, which in
the case of a secondary amine can be represented as follows (32NCH2)+.
Briefly, it is possible to state that A, B and C by accession of a proton
can yield a common cation,

The postulation of 2 common cation (RZNC )* which ean be derived
from A, B and C by action of an acid, and also during the reactien of form-
aldehyde and a primary or secondary amine in the presence of acid, provides
an explanation of the fact that, in certain reactions promoted by acid,
there may be used eitherlthe formaldehyde and primary or secondary amine, or
preformed methylene-bis-amine or Schiff!s base. The existence of these ions
was conceived by Stewart and Bradley (80) on grounds partly speculative or
inferential,

A thorough search of the literature revealed that only one thiazole
derivative has been studied in Mannich condensation reaction. Albertson
(81) reported a successful reaction, when 2-acetamido~i-methylthiazole
(IXXXVI) was treated with dimethylamine and formaldehyde in acetic acid sol-
ution. The product obtained was 2~-acetamido-i-methyl-5-(dimethylaminomethyl )-
thiazole (ILXXXVI), The reactivity of the hydrogen atom in position 5 of the
thiazole is surprising. It was shown, however, that elimination of the 2-
acetamido group greatly diminished the reactivity of the thiazole nucleus
towards this type of reaetion. Albertson attempted the Mannich condensation
of 2,4-dimethylthiazole (XI), but only a very minute yield of an unidentified

product was obtained,

|C N + HCHO + HN(CH3)2 3-0——N

IJ ~, 3 -
HC N HCOCH 2=iN=! 2= - -

(IXXXVI) (IXXXVII)
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Mannich-type condensations of some monosubstituted acetylenes with
formaldehyde and secondary amines have been described by Mannich and Chang
(82) and later by Jones, Marszak and Bader (83)., The interaction of aryl-
acetylene, formaldehyde and a secondary amine ylelded an unsaturated base
containing one triple bond, Rose and Weedon (84) reported that 3-diethyl-
aminobut-l-yne (IXXXVIII) reacted readily with paraformaldehyde and diethyl-
amine, or piperidine, giving the acetylenic diamines (LXXXIX).

CoHsg CoH CoH
™ N-CH-C=CH 2™ ygi-csc-cup-N © 7

CoHs 7/ CHg - CoHg e CoHg
(ILXXXVIIT) (LXXXIX)

Acids and esters were also known to possess active hydrogen. In
1920 Mannich and Kather (775) observed that the action of formaldehyde and a
secondary amine on malonic acid (XC) results in the formation of a & ~amino
acid (XCI), A few years later Mannich and Ganz (85) described the prepar-
ation of several /& -amino dicarboxylic acids by utilization of Mannich cond-
ensation., The best results were obtained when a monoalkylated malonic acid

was used, The dibasic amino acid formed has the tendency to lose one mole

?OOH ?(DH
RoNH  + CHR0 + H-f& > nzn-cu?_-?-n
COOH COOH
(xc) (xC1)

of carbon dioxide.
Mannich and Mick (86) synthesized a bicyclic compound, a derivative
of pydin (XCIII) by the condensation of 3,5-dicarbethoxy-2,/~dimethyl-tetra=

hydropyron (XCII) with formaldehyde and methylamine,
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COOGoHs5
CHy-CH — ICH-°°°°235 CH ~CH c CHy
CHp0 | |
0 C=0 f“—sﬁ’ 0 C=0 N-CHg
| 7 |
CHy~CH CH-COOC,Hy CHg-CH C CHy
Co0C,Hy
(xc11) (XCIII)

Mannich condensation was utilized in the synthesis of tropinone
(XCIV) - a bicyclic alkaloid - by Robinson (87). He condensed succinalde-
hyde (XCV) with methylamine and acetonedicarboxylic acid (XCVI),

CHy— CHO CH,——COOH CHy CIH CH-COOH
+ HN-CHy +  C=0 — ' N-CH3 =0
H,— CHO CHy—— COOH CHp _ CH ___ CH-COOH
(xcv) (xcv1) } -2 oy
' N-CH3  C=0
CH2 JH _ (ng
(XCIV)

Aldehydes react with formaldehyde and primary or secondary amine
in such a way that the o{~hydrogen atom of the aldehyde is substituted by a
dialkylamino methyl group. Certain types of local anaesthetics are prepared
from N-substituted-/7-aminoaldehydes. A cembersome way of preparing these
compounds was reported by Wohl (88) as early as 1901. Mamich and coworkers
(89,90) synthesized o{,o{ '-dimethyl-/4 -diethylaminopropionaldehyde (XCVII)
by the action of diethylamine and formaldehyde on isobutyraldehyde (XMII).
The success of the reaction depends on the number of reactive hydrogen atoms

adjacent to the aldehyde group. The course of reaction is unambiguous when
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only one hydrogen atom is present, while the presence of a methylene group

adjacent to the carbonyl group leads to a complicated result.

N-H + CHO +B-G-C] =  N-Gip-0-C

[ H / | "H

C2H5 CHg C2Hs CH,
(XCVIII) (xcvir)

The Mannich condensation of ketones has been more extensively
studied than that of aldehydes., Saturated and of,# -unsaturated ketomes,
cycloalkanones, mixéd aliphatic aromatic ketones, cyclie ketones and,
finally, heterocyclic ketones are all able to undergo Mannich reaction with
both primary and secondary amines. When primary amine is used the first
product is a secondary amine, which often reacts further to give a tertiary
amine,

In one of his first works Mannich (91) synthesized ketobases by
treating acetone with a secondary amine, namely dimethylamine, in the pres-

ence of formaldehyde., (equation a)

8 NH'HCL + HOHO + CH,~C-CHy —» = CHy~CHy~G~CH
@y 3§ 3 ciy-q® 2= -8 2

Mannich and Heilner (92) described the synthesis of a /3-aminoketane from
acetophenone, formaldehyde and dimethylamine hydrochloride. (equation b).
The use of two moles each of acetophenone and formaldehyde and one mole of

methylamine hydrochloride yielded ,Z,/4 'bis(benzoylethyl)methylamine (XCIX).

CH

b)
¢-CH
@'6 3. HGHO + HN(CHz)plHCL @g-cag-cng.u\%m
NS
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Later Mannich and Lammering (93) investigated the reaction between mixed
aromatic-aliphatic ketones, formaldehyde and salts of secondary amines,
Nitro and amino-acetophenones have been reported by Mannich and Dannehl
(94) as compounds able to participate in Mannich condensation reaction.
Wheatley and Fitzgibbon (95) described the reaction of p-nitroacetophenone.
They used various amines and obtained the expected/gL(di)-alkylamino-p—
nitroacetophenone in fair yields.

Mannich and Brown (96) showed that cyclic ketones too, can be
used for the synthesis of Mannich bases. The reaction was unambiguous when
secondar& amine was used, but a mixture of campounds was produced with
primary amines when the molecular ratio of the reactants was one to one.
Cyclohexanone was treated with formaldehyde and dimethylamine in equimol-
ecular quantities, The isolated product was identified as 1-(dimethylamino~
methyl)-cyclohexenone (C). The condensation of two moles each of cyclohex-
anone and formaldehyde with one mole of methylamine resulted in the formation
of bis-[(cyclohexanone-(2)-yl)] -methylamine (CI). Later Mannich and Schaller

(97) carried out similar studies on cyclopentanone.

H CH
H, o i i .
0

(c) (c1)
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Phenols are able to undergo Mannich condensation. Meadow and Reid
(98) utilized Mannich reaction for the introduction of amino groups such as
-CHZNRZ’ into the nucleus of various types of phenolic campounds. Iwo dimeth-
yleaminomethyl groups were introduced in position ortho to each of the hydroxyl
groups in L,A4'-di~o-cresol (CII), The structure of 4,i4!-dihydroxybiphenol
would permit the introduction of four dimethylaminomethyl groups. Mare
Julia (99) reported that the reaction always takes place in position ortho

Ciy CHy
(c11)

to the phenolic group.

The écope of the Mannich condensation has been extended to hetero-
cyclic compounds. In heterocyclic compounds, three types of active hydrogen
atoms may be involved; (1) those Idirectly attached to the nucleus as in
antipyrine and indole, (2) those attached to the o{-carbon of an alkyl group
attached to the ring as for example in o{~picoline and quinaldine; and finally
(3) those attached to side chains where the activation is provided by scme
group other than the rimg as in 2-acetothienone or 2-acetylfurane, etc.

The Mannich reaction of pyrrole, using aliphatic amines as well
as piperidine and morpholine, was reported by Bachman and Heisey (100). A
mixture of mono- and disubstituted products was obtained. Later Herz,
Dittmer and Cristol (101) described the preparation of some monosubstituted
derivatives of pyrrole by the Mannich condensation.

Condensation of 2-methylquinoline with formaldehyde and piperidine
was first reported by Kermack and Muir (102), The ratio of 2-methylquinoline,

formaldehyde and piperidine was 1:2:2, The product of this reaction was
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identified as 2-(piperidinocethyl)quinoline (CIII)., Similarly, using 2-meth-
ylquinoline hydrochloride, formaldehyde and diethylamine, they obtained a
viscous yellow oil, 2-% -diethylaminoethyl)~quinoline (CIV )e Unsuccessful
attempts were made to substitute acetaldehyde for formaldehyde in these
reactions. In the same year, after completion of the above-mentioned work,
Heou-Feo and Delépine (103) reported the preparation of 2-(& -diethylamino-
ethyl)-quinoline (CIV) by a method essentially the same as described by
Kermack and Muir. The three compounds were used in equimolecular quantities,
The yield was very poor. This werk also dealt with the condensation of 2-meth-
ylpyridine with formaldehyde and diethylamine. The resulting product was
characterized as 2-(8 -diethylaminoethyl)-pyridine (CV).

AN S
NF CHo-CHy N N Z CH2-CH2-}{02H5

(C1II) (c1v)

@—c =
Ho~= CH:

CHp—CH3
(cv)

Matuszko and Taurins (104) investigated Mannich condensation of
L-methylpyridine. They found that the main product of the condensation of
L=methylpyridine with formaldehyde and dimethylamine hydrochloride was not
the expected 4-(& -dimethylaminoethyl)-pyridine (CVI), but an unsaturated
base, namely l4~(methylene—& ~dimethylaminoethyl)-pyridine (CVII). Similarly
the unsaturated base characterized as l~(o{~methylene-d-piperidylethyl)-
pyridine was obtained in the condensation of L~methylpyridine, formaldehyde




and piperidine. The unsaturated bases turned reddish-~brown on standing even in
a closed container. L~Methylpyridine reacted normally with formaldshyde and
diethyl-, di-isopropyl-, and di-n-butylamine, to give the corresponding
4~dialkylaminoethylpyridines, 4~(/4 -Pyrrolidylamincethyl)-pyridine was
obtained when pyrrelidine was used as the amine, and the use of morpholine
resulted in the formation of 4-(/4 -morpholylaminoethyl)-pyridine.

CH
3 CH
CHa~CHo-N - CHy=C-CHy—N
3 CH
z y 3
N N N l
(cv1) (cviI)

Snyder and Foster (105) investigated the Mannich condensation of
pyrimidines, It was found that 2,6~dimethyl-i-hydroxypyrimidine (CVIII) is
able to react with both of its methyl groups. The condensation of (CVIII)
with formaldehyde and piperidine yielded in 2-[bis-(piperidinomethyl)-methyl] -
l-methyl-6-hydroxypyrimidine (CIX) and 2-|bis-(piperidinomethyl)~methyl-i~
(piperidinomethyl)—é-hydroxypyrimidine (CX). When morpholine was used instead

of piperidine, a condensation of a similar kind was observed,

0337/\—0}{ Clg 7/\”—01{ A q
A NQ("
C5H10-N-CH2 CH2-N—C5H]Q CSHlO‘N"CHZ \CH2-N-C5H10

(cvIII) (cIx) (cx)




The aminomethylation through the use of Mannich reaction is not
limited only to C-H acid groups. Certain Mannich bases of substances
possessing active hydrogen on nitrogen were already prepared before the idea
of Mannich reaction became known. N~Piperidinomethylphthalimide (GXT)

can be regarded as the first N-Mannich base.

>N“°H2’"N C>

(cxT)

Q=0

¢
0

This compound was first prepared by Sachs (106) arownd the end of the nine-
teenth century, by gentle heating of an alcoholic suspension of phthalimide
with formaldehyde and piperidine. Twenty years later Einhorn (107) described
the preparation of Ne~diethylaminomethylisatine. The preparation of N—piperi-
dinomethylearbazole was reported by Feldman and Wagner (77) in 1942. Hell-
mann and Lt':"sckménn (108) dealt with the problem of the syntheeis of several
N-dialkylaminomethyl derivatives of phthalimide, succinimide, isatin and
ca.rbazole.. Piperidine, morpholine, diethyl and dimethyl amines were used
during these investigations. Bombardieri and Taurins (109) studied the
Mannich condensation of 2-pyrrolidone, hydantein, uracil, 2,4~thlazolidine-
dione and aliphatic nitramines., They accomplished the synthesis of a

series of new Mannich bases,




DISCUSSION

I. Condensation reactions of methylthiazoles

and aromatic anhydrides

The group of merocyanines includes three types of compounds which
possess some common structural features, namely, the aromatic system with
a 1,3~diketo grouping linked to a nitrogen heterocyclic ring, like pyridine
and quinoline. These are phthalones, naphthalones and diphenones, The
names of these substances are derived from those of phthalic, naphthalic
and diphenic anhydrides, which undergo condensation reactions when heated
with methylpyridines and methylquinclines., The objective of this work was,
partly, to extend the group of merocyanines by including the derivatives of
unsubstituted or methyl-substituted thiazoles., That could be accomplished
by the condensation of mono- and dimethylthiagzoles with anhydrides of di-
and poly-carboxylic acids of the aromatic series as phthalic (CXII), naph~
thalic (XLII), diphenic (CXIII) and pyromellitic dianhydride (IXXVI). At
the same time another goal was pursued, namely, the examination of the

reactivity of methyl groups attached in various positione of the thiazole

ring. 0
Q ¢
c
N 3
¢~ 9’,
5 0

0]
(cx11) ’ (CXIII)
The relative reactivity of the methyl groups of methylthiazoles
has not as yet been investigated and for this reason the present study

appeared promising in order to reveal the qualitative and if possible the
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quantitative differences under which condensation could take place.

The condensation reactions of methylpyridines with aromatic
anhydrides allowed the prediction that similar reactions would take place
in the thiazole series. The methyl group attached in 2 position of the
thiazole ring is of a similar nature to the methyl group in 2 position of
the pyridine nucleus, This similarity arises from the electron withdrawing
force of the annular nitrogen atom in both cases, It can also be predicted
that the 2-position of the thiazole is activated to a certain extent by the
apnular sulphur, As a result of the electron withdrawing by N and S there
is electron deficiency of the carbon atom in 2 position. This electron
deficiency combined with the electron-repelling character of the methyl group
reveals that the hydrogen atams of this particular methyl group are activated
and consequently mobile as can be illustrated by the following scheme: |

HC —»N
Qe

HC , C«C<H
~N s~ <H

113

There is also an alternative possibility of a tautomeric shift of a proton

towards the annular nitrogen atom.

H(i — N o —
4 olgr o= T
N5 H Ny Pa:

The mobile hydrogens of a methyl group in the 2 position of thiazole are
unicque, They differ markedly from the unreactive hydrogens of methyl groups
at the 4 and 5 positions, because the activating effect of the annular nitro-

gen and sulphur atoms does not appear to influence such methyl groups. All




these considerations indicated that condensation of methyl groups in 4 and
5 positions should require more drastic conditions than in the case of 2-
methylthiazole.

Each condensation reaction of methylthiazoles with aromatic anhy-
drides was carried out at different temperature and for different length of
time in order to determine the optimum conditions of the process. To
facilitate the reactions, anhydrous zinc chloride was used as a catalyst,

The ratios of the catalyst as well as the ratios of the reagents were varied.
These condensations were carried out both at atmospheric pressure and in
sealed tubes, It was found that only phthalic and naphthalic anhydrides
were reactive and that reactions occurred only with thiazoles containing

the methyl group in C2 position. Methyl groups in four and five positions
on the thiazole ring did not show any reactivity towards the acid anhydrides.
The reaction products were yellow crystalline substances possessing the
structure of 2-substituted derivatives of 1,3-indandione and 1,3-perinaph-

thindandione respectively.
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Mechaniam of the condensation reactions

The mechanism of the condensation of 2-methylthiazole with anhy-
drides of aromatic dicarboxylic acids can be satisfactorily explained by
assuming that the 2-methylthiazole reacts in one of its tautomeric forms
B. The resonance form B of the ﬁet}wlene-tautmer is a typical carbanion.
In the first step the anhydride ring is opened and an unstable intermediate
compound (CXIV) is formed. In this addition compound the hydrogen atoms of
the methylene group are activated because, in addition to the electron
withdrawing forces of the apnnular nitrogen and sulphur, there is an activ-
ating effect of the ol-carbonyl group. The latter group exerts a strong
activating effect on the hydrogens of the methylene group because of the
vicinity of the armmatic ring. Such a strong activating effect is in agree-
ment with enalogous cases observed; for example, 2-halo acetophenone. Thus
the activated hydrogen atams, together with an oxygen atom, will be elimin-
ated in the form of water in two subsequent steps, The following scheme

expresses the mechanism of this condensation reaction.

(e = [CUlar U
— «—>
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The elimination of water can occur in two slightly different ways
as indicated by paths I and II. In path I, the initial step is the format-
ion of an acid (CXIV) which loses a molecule of water with a simltaneous
migration of a hydrogen atom to the annular nitrogen and a shift of the
double bond. In path II a polar compound (CXV) is formed as the first int-
ermediate possessing a positive charge on nitrogen and a negative charge on
oxygen. The second step consists of the migration of an activated hydrogen
atom of the methylene group to the negatively-charged oxygen accompanied by
a simultaneous shift of the double bond. The final step is the elimination
of a molecule of water and the closure of the indane ring.

The prototropic shift gives rise to an extended conjugation system
which must be considered as a resonance hybrid of many resonating structures,
~ In some of the resonance structures there is a separation of electrical
charges which is responsible for the shift of the light absorption towards
longer wavelengths and consequently the appearance of a yellow colour (110).
The structure of the 2—[_2-‘(1.-thiazoline )] ~l,3-indandione corresponds to the
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following resonance hybrid: (CXV a~f).
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This resonance hybrid of the thiazolophthalone involves several dipolar
forms and eontains an extended system of conjugated double bonds, Such
~structure explains its high melting point and the intense light absorption,

Condensation of 2-methylthiazole
with phthalic anhydride
The condensation of 2-methylthiazole (V) with. phthalic anhydride
(CXII) took place with great ease. A mixture of equimolecular quantities
- of 2-methylthiazole and phthalic anhydride was heated at 180-190°¢ for sev-
eral hours, At the end of the reaction, the mixture was treated with hot
dilute acid to remove the basic unreacted 2-methylthiazole, The principal

product isolated from the mixture is a dark yellow crystalline substance,

2-[2-(4-thiazoline)]=1,3-indandione (CXV); m.p. 310-312°,




HC NH Q HCTN 0
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(cxv) (CXvII)

The classical formula (CXVII) of the condensation product cannot
explain its deep colour. Apparently there is a possibility of resonance in
the inda.ndione and thiazole parts of the molecule but the -C;\H group might
act as a kind of barrier and inpibit a free shift of TWelectrons throughout
the whole molecule, ‘For this reason a prototropic shift of the hydrogen to
give the structure (CXV) might be necessary to explain the appearance of the
colour. A similar prototropic shift has been postulated by methylation and
oxidation studies of pyridophthalone (50).

The thiazolophthalons (CXV) is insoluble in water, dilute acetic
acid and carbon tetrachloride; soluble in methyl aleohol, ethyl alcohol,
‘benzene and dioxane; easily soluble in chloroform and glacial acetic acid
and very soluble in acetone and ether. The yield of the compound was 20
per cent, Neither addition of zinc chloride catalyst nor elevation of the
temperature nor prolongation of the reaction time influenced the yield.
When the compound was treated with sodium alkoxide or with hot 2N sodium
hydroxide, a deep red-coloured crystalline sodium salt was obtained. From
the reaction mixture another crystalline compound was also isolated. After
subjecting it to solubility and classification tests the compound was found

to be phthalic acid.
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Condensation of 2-methylthiazole with naphthalic anhydride

Naphthalic anhydride (XLII) gave a condensation product with
2-methylthiazole (V), but the reaction did not take place as readily as
with phthalie anhydride., Presence of zinc chloride catalyst, higher temp-
erature and considerably longer time was necessary to bring about this
condensation., The ratios of 2-methylthiazole:naphthalic anhydride and zinc
chloride were as follows: 1:1:0,75 and 1:1:0,5. Somewhat higher yield was
obtained when the ratio of zine chloride was 0,75 to 1l:1 of the other two
components., On completion of the reaction and after removal of the excess
2-methylthiazole present, the reaction mixture was dissolved in 25 per cent
hot hydrochloric acid and filtered. The filtrate was treated with very
dilute sodium hydroxide and the precipitate thus formed was recrystallized
from hot glacial acetic acid. The dark yellow, crystalline substance which
was obtained in a low yield (11 per cent) melted at 241-242° and was found
to be 2~[2-(4~thiazoline)]-1,3-perinaphthindandione (CXVIII), Thiazolo~
naphthalone (CXVIII) can be formulated in a similar way as a resonance
hybrid and thus the structure explains both the high melting point (241-242¢ )

ITC_'i\i ¢
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(CXVIII)

and the colour,

In contrast to the reactivity of the 2-methyl group, the inertness
of the A4-methyl group could be predicted on the basis of Pullman and Metzger's
calculations. Concerning the electrical charges and free valences, there is

a considerable difference between carbon atoms in the 2 and 4 positions. It




can be seen from the molecular diagrams of 2- and 4-methylthiazole (XXII,
XXTII), that the carbon atom in position 4 possesses smaller free valence
and weeker electrical charge than carbon 2, Obviously the methyl group in
C,, should be less reactive than the one in 02.

The condensation of L-methylthiazole (VII) with phthalic anhydride
(CXII) was attempted by heating of equimolecular quantities of the reactants
in a wax bath at 180-190® for several hours. A yellowish crystalline sub-
stance appeared on cooling the reaction mixture which, after purification,
melting point determination and classification tests was identified as
phthalic acid. A large portion of the j-methylthiazole was recovered. An-
other attempt was made, this time using zinc chloride catalyst. Again 4~
methylthiazole was recovered and phthalic acid was isolated. The reaction
was repeated in a sealed tube, once using zinc chloride and another time
without the catalyst. No condensation product was obtained under any cond-
itions.

Several experiments under different conditions were carried out to
condense A-methylthiazole with naphthalic anhydride. The reaction fajled
in all attempts to produce any condensation products. Both starting materials
could be recovered. |

5-Methylthiazole behaved in a similar way to 4j-methylthiazole, No
condensation products were obtained under any conditions with either phthalic
or naphthalic anhydride. These negative results gave further support concern-
ing the inertness of 4-, and 5-methylthiazole,

These experiments demonstrated the reactivity of a methyl group at
C»> and the inertness of methyl groups in the four and five positions on the
thiazole ring towards aromatic acid anhydrides, On the basis of these obser-
vations it was expected that 2,4~dimethylthiazole (IX) would react only with
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its 2-methyl group yielding 2-[i~methyl-2-(4~thiazoline)]-1,3 indandione
(CXIX), In the first exeriment, equimolecular quantities of 2,i-dimethyl-
thiazole and phthalic enhydride were heated together at 180-190° for four
hours., After the elimination of the unreacted 2,4-dimethylthiazole, the
crude product was recrystallized from alcohol., The molecular weight deter-
mination and elementary analysis of the purified, crystalline substance
indicated that only one methyl group had taken part in the condensation
reaction. The product was characterized as 2-[4~-methyl-2-(4~thiazoline)]-1,
3-indandione (CXIX); mep. 255.5-256°, The yield was 27 per cent of the
theoretical.

It is possible to postulate the structure of this compound on the
basis of previous experimntai results., Since 2-methylthiazole condensed
with phthalic and naphthalic anhydrides and the methyl group of 4-methyl-
thiazole was inert it is therefore justifiable to conclude that 2,4~dimeth-
ylthiazole reacted with its 2-methyl group and not with the one at Cj. How-
ever, it seemed to be necessary to attempt to find ways to force the L-methyl
group into reaction. In a second attempt the ratio of phthalic anhydride
and 2,4-dimethylthiazole was 2:1., The reaction mixture was heated at 180-
190° for four hours as in the previous experiment. The melting point and
mixed melting point determinations indicated that the product is identical
to (CXIX). The yield was unchanged. When the condensation was carried out in
a sealed tube the yield was almost doubled (46,5 per cent of the theoretical)
but the second methyl group still remained unaffected. Neither the presence
of zinc chloride catalyst nor the prolongation of the reaction time could
force the second methyl group into condensation reaction. On treatment with
sodium ethoxide or with hot sodium hydroxide, it gave a glittering, deep red

crystalline sodium salt.
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Methylation and subsequent oxidation studies analogous to those
carried out by Kuln and Bar (50) were undertaken in order to establish the
structure of (CXIX), The compound was methylated by simply adding it to
ethereal diazomethane and the mixture was allowed to stand at room temper-
ature for 40 hours. The 2~[3,i-dimethyl-2-(L4-thiazoline)]-1,3-indandione
(CXX) was recrystallized from. ﬁater and was oxidized with dilute nitric
acid. Two degradation products, namely phthalic acid and N-methyl-2-thiazo-
lone (CXXI) should be obtained.

No difficulty was encountered in isolating the phthalic acid, and
the phthalein test was used for its identification. After the phthalic acid
was extracted the solution was neutralized and saturated with solid sodium
hydroxide. A strong pungent odour, characteristic of A4~methylthiazole dev-
eloped instantly with simultaneous appearance of a semi-solid material.
Separation of the N-methyl-2-thiazolone, using ether as extracting medium,
was attempted several times without success. It was impossible to isolate
any definite product from the thiazole part of the molecule. This probably
is due to sensitivity of the thiazole ring to the drastic conditions of

oxidation.
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The ultra-violet and infrared absorption spectra of (CXIX) and
(CXX) were measured. The ultra-violet spectra were measured in the labor-
atory while the infrared was carried out by A, Taurins on the Perkin-Elmer
double beam spectrophotometer Model 21 in the laboratories of the National
Research Council, Ottawa.

The reaction between 2,4~dimethylthiazole (IX) and naphthalic
anhydride resulted in 2-(4-methyl-2-(4~=thiazoline)]-1,3-perinaphthindandione
(cxx11). ‘Ihe‘anhydride (0,05 mole) and the dimethylthiazole (0,05 mole)
were melted together in thé presence of zinc chloride (0,037 mole) at 220~
240° for ten hours. Several recrystallizations from a dioxane-water mixture
(each requiring se%eral days) resulted in large dark-brown crystals. The
product (CXXII) which was obtained in 17,2 per cent yield, melted at 216-
21'7° and the carbon, hydrogen, nitrogen analysis was in excellent agreement
with the calculated values for the compound, The molecular weight determin-
ation gave a value which was very close to the calculated molecular weight
(molecular weight; theoretical:-293.326, found 289.4). When the reaction was
repeated in a sealed tube, by using a smaller amount of the zinc chloride,
the yield was slightly higher, 22,15 per cent. Shortening of the reaction
time resulted in the recovery of the starting materials, and no product was

obtained,
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Comparing the results of all the previously described experiments,
it could easily be concluded that the only reactive methyl group on the thia-
.z'ole ring was attached to position 2, since the attempted condensations with
L-methylthiazole (VII) and 5-methylthiazole (X) with phthalic and naphthalic
anhydrides failed, It was therefore assumed that in thecondensation of 2,5
dimethylthiazole with phthalic anhydride, 2-[5-methyl-2-(4~thiazoline)]-1,3-
indandione (CXXIII) would be formed. This presumption was confirmed by
experiments, Two condensations were carried out simultaneously. In one case
the reaction mixture contained 1:1 molar quantities of the reactants and in
the second case phthalic anhydride and 2,5-dimethylthiazole were mixed in a
2:1 molar ratio., These mixtures were heated at 180-190°¢ for four hours, The
products isolated from both reaction mixtures were found to be identical.
Both substances melted at the same temperature and no depression of the mixed
melting point occurred, The deep colour of thecompound suggests a long
conjugated system and a structure similar to the one given for (CXV), The

deep red sodium salt of the product was also prepared.
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The use of zinc chloride was necessary again to help the conden-
sation of naphthalic anhydride with 2,5-dimethylthiazole (XIII). The amount
of zinc chloride used influenced the yield. It was found that the highest
yield was obtained when the ratio of 2,5-dimethylthiazole:naphthalic anhy-
dride and zinc chloride was 1:1:0,5 and the molar ratio of 1l:1:1 resulted in
the lowest yield. A mixture of the reactants was heated at 220-240° for
ten hours and after purification by recrystallization from glacial acetic
acid a dark brown crystalline product was isolated and characterized as
2] 5~methyl-2-(4~thiazoline }]=1,3~perinaphthindandione (CXXIV); m.p. 302-
303*, Similarly to the previous cases, the sodium salt of (CXXIV) is a deep

red colour,

1
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0

(CXxX1v)

Several attempts were made to condense 2-methylthiazole (V) and
2,4~dimethylthiazole (XI) with diphenic anhydride (CXIII), The reaction was
attempted once by simply heating a mixture of the components; (XI) and (CXIII) -
without a catalyst - for twelve hours in a wax bath. The temperature was
gradually raised from 180-250°, 1In other reactions zinc chloride catalyst
was used, and its ratio to the other two components was changed. The temp-
erature and time were also varied., In one instance hydroquinone inhibitor
was added to the mixture in an attempt to prevent polymerization. Reactions
were also carried out in a séa.led tube, but without success, In each case a
dark brown, soft amorphous compound was obtained and attempts to isolate a

crystalline condensation product failed.
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The negative results were surprising since diphenic anhydride was
reported by Taurins (45) to condense with quinaldine end 2-methylpyridine
(XVIII)., To explain the negative result in this condensation the structures
of phthalic (CXII) and naphthalic (XIII) anhydrides and that of the pyromell-
itic dianhydride (IXXVII) were compared with the structure of diphenic anhy-
dride (CXIII). It is obwvious that in the case of diphenic anhydride, after
opening the anhydride ring, free rotation is possible., What course the

reaction tekes after the opening of the anhydride ring is not known.
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(after opening of the ring)

Attempted condensation with mellitic dianhydride

The pyromellitic dianhydride (IXXVI) is structurally similar to
phthalie anhydride and it was expected that condensation reaction will
readily occur with thiazoles containing a methyl group in position two. It
was presumed that the condensation may give one of the two following comp-
ounds; one in which two moles of the methylthiazole is condensed with the
pyromellitic dianhydride (CXXV) and another in which only one mole of the

methylthiazole is condensed to one of the anhydride rings while the water
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thus liberated would react with the other anhydride ring givingA a dibasic

acid (CXXVI)
—_— 0 \
R-C NH ¢ HN —C-R
R I ! C/ \C = ”
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A mixture of pyremellitic dianhydride and 2,4~dimethylthiazole
was heated at 180-190° for several hours and purification of the resulting
brown mass was attempted., After washing the powdered mixture with one per
cent hydvochloric acid, several solvents were tried in an attempt to find an
appropriate medium for recrystallization however without any success, In the
next attempt 2 moles of 2,4-dimethylthiazole was heated with one mole of
pyromellitic dianhydride at 180-190¢ for several hours. In other attempts
zine chloride catalyst was used in different ratios., All these experiments
gave negative results. No condensation product could be isolated from the

reaction mixtures.
IT. Mannich condensation of methylthiazoles

The second part of this investigation consisted of the Mannich

condensation of methylthiazoles. It was shown again that while the methyl

group on C2 of the thiazole ring was able to react with formaldehyde and
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secondary amines (morpholirie and piperidine) the methyl groups on C), and Cs
did not show any reactivity. The Mannich bases prepared from 2-methyl-,
2,h-dimethyl-, and 2,5-dimethylthiazole are colourless liquids. They were
characterized as dipicrates,

The Mannich condensation of 2-methylthiazole was first attempted
by dropwise addition of formeldehyde to a mixture of equimolecular amounts of
2-methylthiazole and morpholine, The mixture was stirred at room temperature
for six hours, and then divided into two equal parts. The first part was
extracted with ether and dried over anhydrous sodium sulphate while the
second half was extracted with chloroform and dried over anhydrous potassium
carbonate and distilled under reduced pressure. After evaporating the sol-
vents used for extraction, the unchanged 2-methylthiazole was almost entirely
recovered. The reaction was repeated at higher temperatures and it was
.observed that the amount of the recovered 2-methylthiazole decreased as the
temperature was raised. The 2-methylthiazole could not be recovered from the
dark-brown mixture which was kept above 90°, The reaction time was 6 hours
in all cases. No condensation product could be obtained.

The mixtures mentioned above were slightly basic because of the
presence of the free morpholine. Lieberman and Wagner (78) showed that even
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