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GENERAL IN1RODUCTION 

The increasing importance ot thiazole derivatives in biochemieal, 

pharmaceutical and also in technical fields malœs it higbly' desirable to know 

as much as possible about them. The penicilline, produoed by a mold, the 

tiret ant.ibiotics to be used in medicine, conta.in the thiazole ring ~. 
1 

Sultathiuole, that is p-aminobenzene sultanilamidotbiuole, is still very 

wideq used as an effective bactericide. 'l'hiazole derivatives, namel.7 2-, 

4- and 5-phenylthiazole, 2-, ~ and 5-(p-aminophenyl)-thiazole, 2-, ~ and 

5-(p-hydroocypllenyl)-thiuole, are known, besides other tbiazole-containing 

compounds, as active antitubercular drugs. 4-Met~l-5-~-hydrox;yethyl)

thiazole is the thiazole halt of thiamine chloride, otberwise knawn as 

vitamin ~. Derivatives ot 2-m.ercaptothiazole, su ch as 2-mercaptobenso-

thiazole, co11110rù.y known as captax, or 2-cyclohexaminoaercaptothiazole along 

with JD8.DY' other thiazole derivatives, are ueed as valuable rubber accelerators. 

HeUbron (1) mentioned in his review article the use ot the derivatives ot 

5-aaino-2-mercaptothiazole and 2-m.ercapto-5-thiazolone in the syntheeis ot 

amino acids and peptides. 

The objective ot the present work wu firstJ..y, to investigate the 

reactivity ot the met~lthiazoles in certain condensation reactions. The 

first group ot reactions involved the comensation ot •tbyltbiazoles with 

anhydrides ot 8l'OII&tic dicarbo:xylic acids, such as phthalic, naphthal.ic, 

diphenic and PJromellitic ~drides. The reactions were carried out by 

heating the mixtures ot the components tor several. hours. The second group 

ot reactions used in this investigation was the Mannich condensation, in 

which methylthiazoles vere taken into reaction with tormaldelJ1de and seconc:lary 



2. 

aminee (aorpholine, piperidine and dimetl'cy'lamine). 

The secom objective of this work wae to meaeure for the tirst 

time the intrared apectra of uneu.bstituted thiuole and D18thylthiuolea, Ed 

to .tind the correlation between the structure of these coapounda and tbeir 

apectra. 



HISTORICAL IN'ffiODUCTIŒ 

The pbysical and chemical properties of thiazo1e and methy1thia-

zo1es are eilli1ar to those of pyridine and methy1pyridines. The nearness 

.3. 

in boiling points of thiazo1e (ll6.8•)(2) and pyridine (ll5.5•)(.3) is shawn 

also by the methy1 derivatives of these compounds. The simi1arity in the 

physical properties ot 2-methy1tbiuo1e (b.p. 127.5-128) and 2-methylpyridine 

(128• .! o. 7• )(4) was first reported by Arapides (5), Hantssch (6) and Popp 

(7). The od.ours of the thiazoles are frequentl.y similar to those of the 

corresponding compounds in the pyridine series. The solubilicy of the thia-

zo1es in water may be com.pared with that ot pyridines. Pyridine and the 

three picolines are miscible in al.l proportions in water; thiazole is very 

hygroscopie, and 2-methy1thiazole and 4-metb;y1thiazole are miscible in &1.1 

proportions. Similarly to the dimethylpyridines, 21 l,-dimetby'lthiazole and 

2, .5-dimethylthiazole are more soluble in co1d than in warm water. 

Tbiazo1e 1 like pyridine, is resistant to substitution reactions. 

Bromination in both cases can be accoaplished o~ in the vapour phase at a 

temperature of about .300• (8, 91 10, li) and nitration and su1phonation (12) 

can be etteeted orù..y under drastic conditions. By malogy with pyridine, 

thiazole s, for examp1e ~thyl thiazole 1 add sodamide to fora 2-amino-4-

methy1thiazole (1.3, 14). 



Synthellia ot ihl.azole and Methylthiazoles 

'l'hiazole and it a me thyl and dimethyl homologues are considere<! 

to be rare che!dcal.s. The preparation or these compound a is cumbersoM. 

Their syntheses involve the use or some lacbrimatory haloketones or halo-

aldeb;ydes and phosphorus pentaeulphide or thioamides or carbo.x;ylic acide 

poseeasing an unpleaaant aell. Methylthiazoles themaelves are sldn-

irritating and poisonous substances, theretore their preparation and band-

ling require great care. 

Thiuole {III) vas tiret prepared b7 Popp {7) by diuotising 

2-sminothi.azole and decomposing the diazotized product. The disadTantap 

or this method - besides the poor yield - is that, due to aide reactions, 

4. 

onl7 llllall 8lii0Unts or 2-aminothiazole can be diazotized at a tU.. Syntheaia 

or thiazole, condenaing thiorormamide {II) vith chloroacetal.dehyde {I) vas 

rirst reported b7 Willstltter and Wirth {2) in 1909. The method attords 

only a very law yield. McLean and Muir {15) obtained thiasol.e in an 

excellent yield. by zinc duat distillation ot 2-chlorothiasole 

HC•O 
1 . 

H2C 
"-cl 
{I) 

+ 
HC--ll 
Il Il 

HC CH + HCl + H20 
"-s/ 

{II) {ni) 

Hantzach (16) condeneed of,/1-dichl.orodiethylether w.l.th thioacetamide 

{IV) and obtained 80118 2-aethylthiazole {V) in nry poor yield. The poor 

yield can be attributed to the tact that hldrocbloric acid, which decoapoaes 

the thioacetamide, ia liberated during the reaction. Hantzach {6) later 



i:alproved this method by uaing monochloroacetal (VI) ineteaà ot dichloro-

ether. The yield vas a little better. 

CH-B 
+ Il Il 

CH C-CH.3 
""-/ s 

(VI) (IV) (V) 

Erlenmeyer and Prijs(l7) greatly t.proved the yield by condensing thioacet-

amide ~th chloroacetaldenyùe Qyùrate (2CH2C1-cHO + H20) in the presence 

ot acetic anhydride and benzene. 

!rapides (5) prepared lr-methylthiasole (Vn) by reduction ot 

4-methyl-2-hyd.roqthiasole snd Popp (7) by diasotization ot lp-aetbyl-2-

aminothiazole. These methode are cuaberso• and attord only Tery poor 

yielde. A convenient method ot preparation is given by Clarke and Gurin 

(18). The7 retluxed a mixture ot thiotormam:i.de (II) in abeolute alcohol 

5. 

and cbloroacetone (VIII) tor one hour. The yield ot 4-metbyltbiazole is, 

howeTer, law. Ganapathi and Venkatar8118D (19) synthe8ized thiuole deriT-

ativee, unsubstituted in position 2, by condensing an o(-cbloroketone with a 

JD:l.xture ot t0l'JI8mide and phosphorue pentaeulphide. This method can be used 

tor the preparation ot ~metbylthiazole and the yield is considerabl7 better 

than any preTiousl.y reported methode. 

When ~chloro or ck-broaopropionaldehyde (IX) is heated w.l.th thio-

torum:l.de (II) in absolute ether, condensation occurs and 5-metb;rlthiazole 

(X) ie toraed. Erlemaeyer and Schmidt (20) obaened that the use ot o(-bromo-

propional.debyde assures a coneiderably higher yield. McLean and Muir (15) 

used thiourea inetead ot thiotorDl8111ide and the resul.ting 2-amino-5-B8t~o"l-



6. 

thiuole vas diazotized and transtormed by eubsequent treatment ld th concent-

rated hJrdrochloric acid into 2-cbloro-5-metbylthiuole from which they obtained 

5-aetby"lthiasole by heating it ldth glacial acetic acid in the presence ot 

zinc dust. 

HC N 
Il Il 

CH3-C~ /H 
s 

{II) {II) (X) 

The preparation ot 2,4-dimathYlthiazole (XI) vas given by Hantzach 

(6,16) in 1888. This compound was obtai.ned in a rather poor yield b;y gentle 

heating ot a mixture ot thioacetadde (IV) and chloroacetone (VIII). An 

imprond method tor the preparation ot (XI) where phos}ilorus pentasulpbide, 

acetamide and chloroacetœe were allowed to react in benzene as solvent, vas 

presented b7 Schwartz {21). 

CH3 - -f 0 

H2C 

\Cl 
+ 

HN CH3- c N 

:rH-:3 ~ J"'~ 
<vni) (IV) (XI) 

The condensa ti on ot o(-cbloropropion&l.dehyde (XII) wi th thioacet-

amide (IV) resulted in the formation ot 21 5-dimethylthiasole (XIII). This 

method, tiret reported by' Hubacher (22), gave a tritling yield. Gabriel'• 

(23) method ot heating acet;ylaminoacetone (CH'l-0-NH-CHrC-CH'l) with phosphorua .J Il ,, .J 

0 0 



pentasulphide also leads to the f'oraation of' (XIII) 

HC=O 

CH,3-~H 

""" Cl 

(ni) 

+ 

(IV) 

7. 

(XIII) 

IaproYed metbods f'or the preparation of' thiazole and of' some 

methylth:iazoles will be described in this presentation in the "Expsr:i.-ntal". 



s. 

The structure of Thiasole 

'l'hiazole and ita der:l:n.tives seem. to poaaess aromatic character 

by' virtue of their general properties. Like other aroutic caapounds, 

thiazole exhibits great atability and al.so exhibits an unusual reBistance to 

chemical attack, despite the tact that mul.tiple linkages are present. Their 

cbaracteristic reactions - aa is the case in otber aromatic coapound.s, are 

substitutions rather than additions. 

Erlenmeyer and his covorkers (241 25) studied the structure of thia-

zole in order to t1nd a satistactory explanation tor the reactinty ot subst-

ituenta of C21 C4 and C5 of the thiazole nucleus. 'lbe classical formula of 

thiazole (III) was tound to be inadequate to explain the experimental tacts. 

Taking pyridine (UV) as an eX81llple, the Sl'lllll8trical. arrangement of the C-N-C 

group can eaBil.y be demonstrated, not orùy by the fact that there is no diff-

erence ot reactivity of a substituent - for example methfl group - attached 

to the carbon at<DS on either aide of the nitrogen atom., but al.ao by the 

fact that the 2- and 6-derivatives ot pyrid:ine are .identical. On the other 

band, a comparison of the ·cheaical. properties of the 2- (III) and 4 (IV)-

derivatives of the tbiazole shows tl'\e -~ck of symetry ot the C-N-C group in 

the thiazole nucleus. In the structural fol"IDlla (I) the distribution of 

N c-J s 

1 1 

(III) (nv) 
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valences excludes the possible "oscUlation" of bonds, as is assumed in 

pyridine, and leads to the fixing of single and double bonda. Considering 

this structural formula, the properties of ~thiazole derivatives (XV) evid-

ently w.i.ll ditfer from the properties am behaviour of the corresponding 

isaaers containing the eane groups in position 4 (XVI) and 5 (XVII). 

(XV) (XVI) (XVII) 

Characteristic differences could especia.l.ly be show by a comparison 

of behaviour of a 2-th:f..azole derivative with the corresponding ~thiasole 

derivative. The tautomeric equilibrium of 2-m.ethylthiazole (V) can be 

formulated in a similar mazmer to that postulated by Chicbibabin (13) for 

2-methylpyridine (XVIII). The case is different with 4-methylthiasole (VII). 

Assuming an etbylenic1 non-aromatie (that is permanent, non-oscillating) 

double bond between C4 am c5, no corresponding tautaneric forma can be 

written. 

(V) (XVIJ.J.) 

(VII) 
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ErlemBeyer and Weber. (24) .f'oum, using the deuterium exchange 

method., that the exchange of' hydrogen atoms of' 4-metbylthiazole-.5-carboocy'lic 

acid (IX) proceeded in accordance ldth a tautomeric equilibrium. They stated 

there.f'ore that there is no justification tor asaumi.ng the pl'"eeence of' an 

ethylenic double bœd and that there ia an arou.tic double bond betwen c4 

mi C5. en this groum Erlena.eyer and Weber auggested the .f'ollowing toraul.

ation ot the 4-met~lthiasole-5-carbo~lic acid (XII). Tbe question ot the 

possible existence ot this proposed structure will be diacussed later. 

CH.3CJ ~< , C~f_3-r===- i 
HOOC HOOC ~ _ ~ 

s s 
(m:) 

According to Erlenmeyer and Weber the exchange reaction ot a 4-

methylthiasole deriTatiTe with deuterium adde leads to the resa.l.t that 

thiasole cannot be repreeented by the classical structural tor.ù.a. It waa 

d•onatrated that four bydrogen atoms were exchanged by dissol 'ring 4-metbyl-

thiasole-5-carbo:xylic acid (xn) in deuterium orlde. 'lhis mans that beeides 

the carboJcylic ~rogen, the hydrogen atoms of' the meth;rl group are also exch-

angeable. Und.er the same experimental conditions, aetbyl hydrogena, as in 

2-met~lbenzoic acid (o-toluic acid) are exchangeable. The occurrence of' 

an exchange reaction is a good. indication of' the existence ot tautoaeriSII.. 

One J1lB:1' there.f'ore assume that a tautomeric structure 1 comparable to the known 

tautaaeriam ot 2-JMthylthiasole, exista in the eue ot ~methylthiazole. 

a,.ch tautaneriSil1 howe"Yer, appears to be possible only for 2-methyltbiazole 

(V) according to the distribution ot bonds in the class:ical structural toraü.a, 

but not tor l,.-methylthiazole (VII). 
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Their experi.llental resulta, concerning the interchangeabUity ot 

bydrogen atoe of the 4-metbyl group, led Erlenm.eyer and Weber to the conc-

apt that resonance betwen aeveral tonmlae, and tau.tcmerii!IDI.1 can be asSUMd 

tor 4-metb7lthiazole (XX). Such a formulation could expla:ln the arcaatic 

character of the thiazole ring. Modern concepts of the spatial distribution 

.. 
CH3J--Î 

HC~ -::7CH s 
(XX) 

c~-c NH 
. 1 J 
He~ 9 c 

s .. 
of Talence bonds, however, preclude consideration of a structure cantaining 

1 1 

two ClmDÜated bonds C c. Such a systea containinl tetracOTalent 
~s'/' . 

solpbur Jmst be linear 1 and the thiazole nucleus would be œable to aceo--

odate this group 'Without prohibitiTe strain. The known stabUity of thia-

zole is incona:Lstent with a atra.ined structure. 

In 19.39, e:xploring the problea ot the chalical beha'fiour ot thia-

zole, Ochiai and Nagaaawa (26) canclud.ed that the carbon atom in 2-position 

is actin towards nucleopbilic reagents but inactiTe towarda electrophilic 

reagents. Furtherm.ore it was also found that Wban C2 is substituted, eitber 

b;r an adno group or by a bydroJq"l group, the reactivitT in poaitioa 5 is 

highly increaaed towards electrophilic reagents. 'l'he following structures 

(XXI), (XXII) illuatrate these properties. 

(XXI) 

C N 
rll ~IQ 
~.........__ /~H(~+) 

(J-) s 

(XXII) 



As a reault of their investigation, a fev years later, in 1941, 

the 88118 authors (26) proposed the resonating etructures or thiuole. It 

is 8i!nificant that in these structuree the use or tetravalent aulphur vas 

entirel:r Ollitted. Among the given structuree, (XXIII), (XXIV) and (XXV) 

can be regarded as more important than the structuree (XXVI), (XXVII) and 

12. 

(IIIII) (XIIV) (nv) (XXVI) (XXVII) (IlVIII) 

l"inally, the structure and aromatic nature of thiazole can be ex-

plained by the molecular orbital theory. The nitrogen atom and each carbon 

atom contributes one 1l electron and the sulphur atom two 1Ïelectrons to the 

aramatic sextet. The two electrons of sal.plmr appear to resemble very 

closely the 1'f electrœs in a -CH• CH- group ot an aromatic mole cule. The 

p-orbitals of the nitrogen and sul.phur atoms OTerlap w.i th the p-orbital 

of the carbon atome to fora a molecalar orbital of the thiazole mole cole. 
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Theoretical considerations 

Pnl l•an and coworkers investigated the structure ot thiazole and 

benzothiazele trom a theoretical point ot n.ew. 'l'he structures ot tbiazole 

(XXII) and benzothiazole (XIX), represented by the •olecular diagram. shawn 

below, were giTen by pullman and Metzger (271 281 29). The molecular diagrams 

Show auch paraœeters as 

(a) electric charges, 

(b) bond order, 

and 

(c) tree valences 

'Which are necessaril.y apprœillatiTe. The absolute values ot the chargee and. 

bond orders are eubject to moditication, with an e'Y'el1tual iJilprovement ot the 

calculations. It is howenr ta:irl.y probable that the relative Talœs would 

be onl.y slightl.y changed. 

N t6JO 

1 
HC 1.o.s6 CH 0.980 

""-s/ 

(a) 

HC 0.14t& N 

jo.7rs jo.sae 
HC CH 

~·5'5'3 / "s /0.7'' 

(b) 

H<f~9 N 

1 1 
HC o.+~ CH Ot488 

~s/ 

(c) 

The molecular diagram ot thiazole (IIIX) 



(a) (b) 

o.•UI 

r:~ ,.... NI 

~~~ c~~CH o.-t~ 
o.~ 

(c) 

The mole cular diagram. of benzothiazole (XXX) 

14. 

The diagrams (XXIX and XXX) pre"fioualy given., show that the largeat 

free valence index is - in both molecules - on carbon 2. MoreoTer., this ia 

the onl.y carbon atom. which underwent an appreciable electrical discbarge. A 

qualitative reasoning suggested that only the metl\Yl group occupying this 

position sbould be activated. It a.lso seelll8 natural - aecording to Pt~ll•an 1 s 

woric - that this activation should be stronger in the case ot 2-metl\Ylbenzo-

thiazole than in the case of 2-metl\Ylthiazole. The explanation of this pheno-

menon is tbat, although the c2 of the benzothiazole bas a sl.ightly aaller 

tree Talence index than the same carbon atom of the thiazole, its net positive 

charge is mu ch larger. 
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The diagrams of the :œthylthi&lilioles (XXXI, nni, XXXIII) and of 

2-aethylbenzothiazole (XXXIV) giTe quantitative confirmation of these conc-

lusions. 'l'he percent age ot conjugation ot the m.ethyl group wi th the 'Wb ole 

of the molecular peripher,.. - ot which the magnitude determines the activation 

of this group - can be deducted from. one of the three tollowing quantitiea: 

(i) the charge carried by the H3 group; the difference between this charge 

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

the mobile index of the Carom.. -Caliph.; in the absence of any conjugation this 

bond would be the single bond and its mobile index would be 0; (iii) the bond 

orcier of the C~H3 bond assimilated to a pseudo-triple bond; the greater 

the hyperconjugation of the al.kyl group, the 1111aller is this order. 

o.•na ~N o. sn 

O.l c o.,, H --3 
S O!TOO 

(b) 

2~et~lthiazole (XXXI) 

~;~·~a~a o.tff5 lVct H3~ C~o.ls, o""M N 

) 

C).'7$1f J.O.SI7 
1.on o.n+ o.~sz 

S o .• ~, 
U34 
(a) (b) 

4-MetbylthialiliOle (XXXII) 

N 

L,,~ c--H 
sro.ns 3 

(c) 

(c) 



o., N JI.UI 
O.'li8 •. Oil 
HJ --- c o.,a,H3 o.ttn '·'" ]"""' O.S4'l 

1-004 

1.1 .. 7 

(a) 

s 0.101 

(b) 

5-Metbylthiazole (XXXIII) 

(a) (b) 

0.~48 

.... 10 

(c) 

2-Met)Vlbenzothiuole (lXXIV) 

16. 

(c) 

The examination of theM three quantities in the molecules •ntioned 

aboTe indicates that actual~ the activation ot the meteyl group increases 

in the order ~metbJlthiazole (5-meth;ylthiuole (2-aetbylthiazole < ,2~ethyl
benzothiazole. Pnllman and Metzger (27) found that the activation of the 

:œthyl group on an aromatic ring as, for example, in toluene (XXXV) is not 

as pronolDlced as in the heteroeycl.es. The phenomenon is due in major part 
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to the inductive effect of the nitrogen, which attracts the electrons ot 

H3o.qs& 
1 

H3 
1 o.qai. 

H3 
1 c 1.0)8 c c O.S"~i7 

o~ é.f o·· ·6SS e.408 1.01? 
o.66Cf 

().qqq CU'I& 

1.011 
0 6SS 0.40i 

(a) (b) (c) 

Toluene (xnv) 

It was also tound by using purely theoretical approaehes - partic-

ularly the methode ot molecular orbitale and molecul.ar diagrams - that the 

differences between the reactivities of metll7l groups attached to the 2 and 

5 positions depended on the degree of' conjugation of thoee two substituent&. 

The degree ot conjugatlon is int.luenced b.f the def'iciency of charges ot 

aromatic carbon. 'l'he met}\yl group is characterized, in general, b7 its 

tendency to gtve electrons to an aro~~atic ring. This tendency should be 

augmented when a strong positive charge is present on the carbon atoa to 

wbich this substituent is attached. 

There is a considerable difference betwen the 2 and 5 carbon atome 

of' the thiazole regarding their electrical charges and their tree valences. 

As cal.culated b.f the 11olecu.lar orbital. method, natural.ly the metb7l groups 

attached to these t'WO carbon atome will ditter considerably in their re-

activity-. The molecular diagram ot thiasole clearl.y indicatea a stronger 

disdlarge and a greater f'ree valence for carbon 2 than far carbon 5. One 

can theref'ore state that a met}\yl group attached in position 2 1dll be aore 

reactive than a methyl group in position 5. '1'he aam.e ditf'erences can be 



observed by compari.Dg c2 am c4, and the metb71 groupe attache& to theBe 

carbon ataas. Both the carbon atom. in position 4, and the aethyl group 

attached to it, are inert. These tacts, toUJld by Pullman and Metsger 

using theo:retical methode, wre also prOYed by other worlœrs. 

18. 

The similarity between the reactiTity of methyl groupe attached to 

thiasole and to p,yridine was first observed by Mille mi Eaith (30) in 1922. 

Until that time, the reactivi ty ot methyl groupa attached to the pyridine 

nucleus bad already been studied in numerous cases. 'l'he interaction betwen 

2-metlJl"lpyridine and phthalic anbydride was reported tiret by Jacobsen and 

Reilller (31). Traub reported the condensation of 2-B~ethylquinoline w.Uh 

phthal.ic an~d• (32). In both cases ;rellow-colnred subetancea, phthal-

ones, were obtained. Schuster (33) carried out a reaction between benzald.e-

byd.e and 2,6-dimethylpyridine in the presence of zinc chloride, obtaining 

the dibensylidene derintive (Ph•CH:CH -0- CH:CH•Fb). By reacting 

2-methylpyridine with bensaldehyde1 H. Baurath (34) synthesized c(-stUbazole. 

A review of cyanine dyes by Doja (35) and later by Hser (36) des-

cribee the ability ot quarternary quinolinium and le.pidiniua ealte to to:nn 

cyanine clyee. Any heterocyclic COllpOUnd ha'rlng a reactive methyl group 

can be ueed for the preparation of eyanine dye a (37 1 381 391 40). The tru.e 

cyanines, ot which ethyl red (XXXVIII) is a typical example, are obtained 

by the action of aJ.kali on a mixture of quinoline alldodide (XXXVI) and 

lepidine alld.odide (XXXVII) (41). When the coDdensation ot two heterocrelic 

cœpounds, both of which contain active metbyl groupa, is carried out in the 

presence ot tomaldebyde, etbyl orthotormate or chlorotorm, carbocyanine is 

tormed. In the siltplestot tbeae reactions quinal.dine ethiodide (IIIII) is 

condenaed with to~aldebyde to yield 111'-diethyl-21 2•-carboc.yanine iodide 

(IL) (42). Sim:Uarl.y, deriTatiTeB ot 2-meth71thiazoles (43) have Jieldecl 



+ 

(XXXVII) 

~· 

~~~CH 
il5 
(XXXVIII) 

the BG-Cal.led thiocarbocyanines, ueed as val.uable photosensitizers. 

ro + co (0 I- + CH20~ CH•CHs:CH • j ~ 2 N œ3 

02H5 èiJ5 C2H5 

(lXXIX) (XL) 

In 1939, Taurins (44) .tudied the condensation of naphthal.ic an~

dride with 2-methylpyriè.i.ne, 2,4r-dimetbylwrJ.dine, 2,6-dimethylpyridine and 

2,4,6-tri.aetbylpyri.d:ine. 'l'he product• obtained. wre named naphthal.one•. 

It was found that anly one methyl greup entered into condensation reaction 

9. 
+ 

+ 

I-

vith naphthal.ic anhytiride and neither the second œtbyl group in the dimetb71-

pyridines, :Q.Or the third methyl group in trilletb7lpyridine reae~d. Thus 

the conden•ation of 2,4-dimethylpyrid.ine (ni) with naphthaJ.ic anhydride 

(XLII) yielded 2-( 4-methyl-2 (llt )pyricV'lideneJ -1,3-perinaphtbindandione 

(XLIII). 21 6-Dimethylwr.Ldine behaved. eimilarly. The condensation of 

2,4,6-trimethylpyridine (XLIV) with naphthalic anhydride yielded 2-[4,6-di-

mstbyl-2(lH.)wrJ.Çlidene] -1,3-periDaphthindandione (XLV). 

CH 0 CH3 0 . 

Â + i _____,. 6/ë f_~ 
llNJcH3 \c · \ 

0 H g ~ jj 

(XLI) (XLII) (XLIII) 
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CH3 0 èL R 

CHJOCHJ 
.. 

le ~ /c 
+ 

' \c CH.3 N 
H \c 

ô 0 

(XLIV) (XLII) (XLV) 

In the same year 1 the condensation of diphenie anh7drlde w.1. th BJethyl-

pyridinea wae described by Taurins (4.5). Here again on1y one metb7l group 

took part in the condensation reaction yielding the eo-called diphenones. 

'l'he se coapounds contain a .M'Yen membered ring and their colour is le es 

intense than that of phthalones or naphthal.ones. As exemple, the structures 

of quinodiphenone (XLVI) and pyridodiphenone (nVII) are given below. The 

condensation of 2-methylquinoline with diphenic anbydrid.e resulted in the 

formation of 6-[2(IH)-quinolylidene]-dibenz(a,c}c.yeloheptadiene-.5,7-dione 

(XLVI) and the condensation of 2-methylpyridine with the s818 acid an}Vùride 

led to the fomation ot 6-[2(lll)pyri~lidene]-dibenz a,c cycloheptadi.ene-.5, 

7-dione (XLVII). 

W) 
H \c 

Il 

0 
(XLVI)~ 

The structure ot phthal.one s was studied b;y Eibner and eoworkers 

(46, 47, 48, 49) and also by Kuhn and Bir (50). '!bey examined the struct-

ure (XLVIII) of c:pinophthalone, as suggested by Eibner on an arbitrary 

basis and indicated tbat there is a laek of conjugation betwen the benzene 



ring am the quinoline nucleus. This atractural. toraula doea not explain 

the bright yell.ow colour ot the compound. 

QH 

~~ 
/~N~ 

" 0 
(n.n) 

The possibility ot an enolic torm. (XLIX) was rejected, because the 

methylation ot the compound gave an N-metl\fl derivative, the structure ot 

" which was established by orldative degradation. Kuhn and Bar suggested 

that phthalonea posaeaa either the "indigoid" structure (L) or they met 

as Zwitteriona (LI) (51). The N-meteyl quinophthalone (LII) gave, on 

oxidation, one molecule ot phthalic acid and N-methyl-2 quinolone (Llii). 

Similarl.y', the œd.datiœ ot N-methyl-wrtdophthal.one yielded phthalic 

acid and N-methyl-2 pyridome. These resulte were in agreement with the 

sillilarity ot the absorption spectra of N-methyl-wrtdophthal.one and 

p;yridophthal.one. 'l'hus the indigoid structure accounts tor the colour ot 

the phthalones. 

0 

~ë" 
~)=---

" 0 

(L) 

Oxid'n. 

(LII) 

(Ll) 

~OOOH + 

~COOH 

(LIII) 

21. 



Colour apd constitution 

The colour ot an organic compound, according to the classical. 

theory postulated by Lewis and Calvin (52) is due to the oscillation ot 

electrons in the molecule. Bury (53) stated that "the intense absorption 

of light that characterizes dyes is due to an intimate association ot 
If chro110phore and resonance in the molecule". .As observed by Willstatter 

and Picard (54), certain com:pounds cœtaining the quinonoid structure vere 

22. 

colourless, but the introduction ot a chromophore group to certain positions 

ot the molecule reBUl.ts in the possibility of resonance and ccnaequently the 

developm~~nt ot colour. 

In a series of etudies Brooker (55) and coworkers investigated 

and explained the colour ot certain cyanine dyes on the basie ot the reson-

ance theory, according to 'Which the molecule ot a cyanine dye, such as (LIV), 

ie considered to be a resonance 1J1"brid ot two extreme states, the intense 

colours of the cyanines being attributed to such resonance. Thus in the caae 

ot ( LIV ),which is bigbl.y' coloured, there is the resonance hybrid a b. The 

~ 
~,..J==cH 

Me 
(a) 

(LIV) 

~ 
~w}--cH 

,Q) 
Me 

(b) 

ionie charge can be on one ot the ring carbon atoms or on the atoa betwen 

the two rings. It was assu.d that resonance ot this ty-pe ia Tery closely 

related to the occurrence ot colour in Jll&ll7 organic compounds and resonance 

structures have been assigned to practical]J all the principal dye types. 

Brooker and coworkers al.so stated. that in the eyanine series, resonance states 
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have almost the asme internal energy and theretore the mobility ot the link-

ages in the conjugated chain ia very great. 'l'he relationship betwen the 

light absorption and the energy ditterence ot the ground and excited etates 

is expre ssed by the toll.o'Wing equation 

x . h c 
~-Eo 

where h ia the Plank1 a constant, c is the velocity ot light, ~-Eo is the 

ditterence in energ ot the gro1md and excitec:l state. This equation shows 

that the wanlengtha ot light that are abaorbed by a substance depend llpon 

El-Eo• The emal.ler the ditterence between the two energ states the longer 

the wavelength ot light absorption. In the resonating structures, where 

separation ot chargea is present, the molecule is easily transterred to a 

higher energy level. 

Phthalones are cœsidered to be the sl.apleat ot the eyarl.ne dyes. 

w. Jenny (56) pnblished an article cpncerning the. relationship betveen the 

structure and light absorption ot a simple meroeyanine ot the structure (LV) 

2-(2-(IH)-quinol.1'lidene]-1(2H)-naphthalenone. He noted the aimilarit;r between 

the structures of N-aet!J7lquinophthalone (LII) and 2-ll-metbyl-2(IH)-quinol.1'1-

idenCÙ -1(2H)-naphthalenone (LVI). The ;c-o group ot quinophthalone is 

replaced by' a -CH=CH- grœp in (LV). The absorption max:hwa ot (LVI) is 

in the region ot longer wavelength because the number ot the resonating 

structures is considerably higher than in the N-metbyl-q,uinophthalone. Al.BO 

the lo~~gest possible distance tor a meeaaeric electron displacement betveen 

the auxochroae ; N-œ.3 group and the chraaophore ~c-o group goes through tiTe 

conjugated double bonds in the N-methyl-quinophtbalo:ne • Tœ mœber ot 

conjugated double bonds is nine in (LVI). 
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(LV) 

(LII) (LVI) 

The reactivity of :methy1 groups attached to thiazole ring has been 

studied by several. vorkers. Inveatigating the reactivi ty of me thyl groupa in 

heterocyclic bases~ Mills and &dth (30) found that in its characteristic 

reactivity, the 2-methyl group in quinaldine 1 2-picoline and in 2-aethyl-

tbiazole resemb1es in many vqs the œthy1 group in such compounds as the 

" metb;y1 ketones aoi nitromethane. Heinrich (57) am Vorlander (58) suggested 

that the 2-m.ethyl group in "the pyridine and <pinoline eeries oves ita 

reactiTity 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 ld.th t.h.at of the 

carbonyl group in the grouping CH3-h-o of the methy1 ketone •". In accord-

ance 'With this ~SUggestion Mills and aüth (.30) have shawn that the properties 

of a Dl8thyl group adjacent to the cyclic nitrogen atom in aasyaetric hetero-

cyclea, dif:ter greatly according to the side of the nitrogen atom on which 

the group is situated. 

At :tiret they investigated the two isomerie 1-, (LVII) and .3-meth-

yllsoquinoli:nes (LVIll). 'l'he reacti'Vity of the metl:ijr1 groups towarda benz-

aldehyde vas compared and it vas :tound that they are ot a different reaetiTity. 

It vas :tound that 1-methylisoquino1ine (LVII) yielded 1-styryliaoquinoline 



(LVII) (LVIII) (LII) 

(LIX) when heated with benzal.dehyde at 100• in the preaence of a small 

quantity of zinc chloride. When, however, .3-methylisoquinoline (LVIII) wa• 

heated with benzaldebyde and zinc chloride, no condensation product vas 

obtained even atter prolonged beating. 

In a similar manner, Mille and Sld.th (.30) examined the reactivity 

of the methyl groups on the thiazole nucleus. 

The great difficulties encountered in the preparation of simple 

methylthiasole s forced Mille and arlth to use the readily obta.inable 4-phenyl-

2-œthylthiasole (LX) and ~methyl-2-phenylthiazole (LXI) in their invest-

igations. They brought. (LX) and (LXI) in reaction With benzaldehyde and 

phthalic anhydride. It vas found that the reaction bet.wen (LX) and benza-

(LX) (LXI) 

ldebyde and al.so betwen (LX) and phthalic anhydride occurred very easily. 

In both cases the metbyl group in position 2 entered into a condensation 

reaction yielding, with benzaldehyde, 4 phenyl-2-styrylthiazole (LXII) and 

2-[Lp-phenylthiazolyl-(2)] -1,3-indandione (!XIII) with phthalic anhydride. 



(LXII) (WII) 

On the other hand the mettvl group in position 4 of (LXI) was found to be 

completely inert. No c<Diensation reaction occurred wi th either of the 

re actants. 

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 comensation reactions. They reàcted 4,5-dimetbylthiazole (LXIV) 

wi. th tomaldehyde and obsened that the condensation had occurred at 

position 2 resulting in the formation of 2-.bydroJcyJDetbyl-4,5-d.imethylthia-

zole (LXV). 

(LXIV) (LXV) 

The structure of (LXV) vas prowd by reacting (LXIV) lfi th phe!l1'11ithiua. 

The reBUl.ting product 41 5-dimetbylthiazo~l-2-lithium was brought into 

reaction with tormaldehyde and the final prod.uct was 2-hydrmcymtb;yl-4,5-

dimeth,-lthiazole (LXV). 

4,5-Dim.ethylthiazole was allO cœdenaed w.i.th benzal.de~e (59). 

The reaction occurred at position 21 yielding a crystal.line substance whi.cb. 

26. 

vas identif"ied as 2-benzoyl-41 5-di.methylthiazole (LXVI) and an oU, 2-benz,.l-4, 

5-d:l•thyl thiazole (LXVII). 
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(LIVI) (LXVII) 

The be havi our of the methy1 group in po si ti on 5 towards formalde-

hyde am benzaldehyde was also studied by Eme and Er1enmeyer (59). In 

these experimenta, 5-mettv"1thiazo1e was used. Here, as in the case of 4,5-

dimethylthiazo1e (!XIV), the methyl group proved to be complete1y inert. 

The condensation took place at position 2, yielding 2-benzy1-5-methy1thia-

zo1e (LXVIII) • The structure of this compound was prond by re acting a<-bromo 

propionaldehyde (IX) wi th pheny1thioacetaaide (LXIX). By re acting 5-mettv"l-

thiazo1e wi th benzaldehyde, Erne and Erlellll8yer danonstrated that the inter-

HC --OH HN 

Il Il ) H~~ -~ + 
CH -C HS/ C-CH2 --C6H5 3 '--Br CH

3
_ C C- CH2- C6H5 ,s,..., 

(IX) (LXIX) (LXVIn) 

pretation of Er1el1Jileyer and &1. th ( 60), coneeming the fonnation of 5-styry1-

tbiazole (LXX) wan wro~ 

~c-c~ 
He C - CH:CH 

'c-c/ 
H- H 

(W:) 

Finall.y, Kondo and Nagasawa (61) showed that in the case of 

2,4~tbylthiazo1e the met.hyl group in position 2 was able to enter into a 

condensation reaction with benzaldebyd.e, while the mettv"l group in position 

4. was inert and remained unchanged. By condensing 21~:Jmet~lthiazo1e (XI) 

w.ith benzaldehyde, Kondo and Nagasawa obta.ined 2-styr,-1-4-~œthy"1thiazole 
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(UXI). The structure of this compound was proved by first ozonising (LXXI) 

to an aldehyde (LXXII) which in the second step was oxidized to give 4-meth71-

thiazole-2-carbo:xylic acid (lXXIII). On decarbo.xylation (lXXIII) yielded 4-

metb7lthiazole (VII). This substance is identical. with the compound prepared 

CH 3D 
1 ) + OHC.C6H5 S CH3 

(XI) 

Ozonisation ) f ~daUon ~ œ3~N œ N 

5)l.œo ~5 )1, oooH 

(LXXII) (LXXIII) 

l decarb. 

œ3LN œ N 1 )1 disUllation :rq 
5 

OH Zn dust .. ~ 
5 
)J 

(LXXIV) (VII) 

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

illation or 2-lvdrox:r-4-methyl thiasole (LXXIV). 

The reactirlty or the 2-methyl group, using 2-methylthiazole was 

studied by Erlenaeyer, Weber et al. (64). 2-Methylthiasole vas condensed with 

cinnanic aldel\fde to obtain 1-phenyl-L..-(thiuolyl-2)-butadiene (LXI). 

CII N 

~ y_CH•CH-œ=CH-C6H 's' 5 

(LXXV) 



a-actions ot p:yrome111tic dianh.ydride 

Pyrome11itic dianb;ydride (LXXVI) can be condensed with various 

aromatic hydrocarbons such as benzene, taluene, etc. Pbilippi (65, 66, 67) 

described the condensation ot bensene w.i.th pyrolll811itic dianhydride, during 

which process he obtai.ned 4,6-dibenzoy1-1,3-isophthalic acid (InVII) and 

29. 

3 ,6-dibensoy1-1,.,.terephthalic acid (LXXVIII) and wl th to1uene the condens-

ation gave 4,6-di-p-to1uy1-1,3-isophthalic acid (LXXIX) and .3,6-di-p-to1uy1-1, 

~terephthalic acid (LXIX). 
0 
ë " 0 

ç/ 
0 

0 0 (UXVI) 0 
ë ~ ë 

~yy~ ~H000~ v HO~OOOH v ~C~OOOH v 
ô 

(LXXVII) (LXXVIII) 
0 . 0 

~gyyëY'h cu3~ ~ë~ 
c"3V "~" ~3 ~;Nooou0œ3 

(LXXIX) (LXXI) 

Seka and COVQrkers (68,69) and Si1berrac:l (70,71,'72) gaTe .turtber 

evidence con cerning the ab:ility of · pyromellitic di anhydride to enter into 

condensation reaction. 
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The Mannich Condensation 

study of the be havi our of methyl groups 1 attached to the thiazole 

ring, in Mannich condensation reaction was the second part of this investig-

ation. The Mannich reaction consista in the comensation of a primary or 

secondary anine wi.th formal.dehyde and a compound contai.ning at least one 

hydrogen a tom of pronounced reactivity. The eseential fe a ture of the reaction 

is the replacement of the active hydrogen atom by an aminomethyl or su.bstituted 

aminomethyl group. The reaction was named af'ter Carl Mannich, who first 

recognized the si.gn:ificance and general applicability of this condensation. 

The Mannich condensation may be repreaented in generalized for.m: 

,..H / 1 
R-CH + H-C::-. + HN ""'o ........_ 1 (LXXXI) (LXXXII) (LXXXIII) 

11 / 
R-C-CH-N 

1 ......... 
(LXXXIV) 

'Where (LIXXI) is a compound contai.ning active hydrogen, (LXXXII) is foraalde-

hyde and (LXXXIII) is a primary or aecondary amine. LXXXIV is the Mannich 

product. A thorough review of the literature has been presented by Blicke 

(73). 

Mechani,sm. of the Mannich Condensation 

The mechanism of the Mannich reaction bas been studied by eeveral 

workers. Ma.rmich and Krgsche (74) and later Mannich and Kather (75) found 

that by ldxing fol'IUl.dehyde ld.th certain aaines1 an addition compound, namely 

an al.cohol, is tormed. It was atggested that this product is al.so form.ed 

as an intermediate compound by the interaction of the amine and for.maldebyde 

duli.ng the Mannich reaction. Bodendorf and Koral.ewsky (76), however, dis-

prond this suggestion on the basis of their experimental findings. They 

_j 
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found th at the condensation of antipyrine wi th dimetby'laminoaethanol gave 

much poorer yield than when antipyrine was condensed. with either formaldeby'de 

and the amine or formaldehyde aai the amine hydroclù.oride. It was also found 

that the alcohol formed by the condensation of antip;yrlne and fomal.deby'de 

did not react with di.metby'lamine at all. Bodendor.t and Koralewslcy' therefore 

coneluded that neither hydr~tbyl compound aatis.tiea the requirement of 

an in terme dia te. 

Formation ot methJlene-bia-amine (~N-CH~NH2) was suggeated 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. nms, condensing meteylene-bis-piperidine w.i.th 1-naphthol, 

they obtained 2-piperidino-methyl-1-naphthol (LXXXV) and si.milarly 1-piperi-

dinometbyl-2-naphthol, by using 2-naphthol. 

OH 

~-CHz-N-C5H10 

(LXXXV) 

A few years later Lieberm.an and Wagner (78) presented another approach to a 

possible m.eehanii!IIR. ··A cation, ~-èf& is formed from the coJXlensation products 
. 1 

.of the fonaal..dehyde and amine whieh ccabines wi th the anion of the reactive 

hydrogen compound·. Acidi ty of the reactive hydrogen compound and/or added 

acid induces the formation of the cation, while the presence of bases (for 

exam.ple the anine present, or added alkali) helpe the fom.ation of the mion. 

It has been experillentally shawn that excess ot acid interferes w.i.th the 

prillary condensation of the amine and formaldehyde and. also depreases the iœ-

i~ation tendency of the com.pouni contai.ning the mobile hydrogen. On the other 

band excess of alkali may decreaae or even preTeot the formation of the catian 
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R11-C9 , thus obstructing or preventing the reaction. It haa been suggested 

that the cation originates in the al.lQ"lidene-bis-8111ine, 'Which is the conden-

sation product of the aldehyde and amine. This view vas strengthened by 

experimental evidence wben Mannich condensation products were obtained in 

normal yields using methylene-bis-amines instead of adnes and formaldehyde. 

Wagner (79) outlines the way in which the different resulta ot 

acid-induced reactions of form.aldehyde wi th aminee and of the condensation 

products of fol'll.8ldehyde and amines, i.e., methylene aaines or Schiff bans, 

metbylene-bia-81d.nes, etc., may be correlated by the assumption that these 

condensation products, by accession of a proton, are conTertible to a ~n 

cation. This is shawn in the table below. 

A.) 

B.) 

c.) 

[a =~CH2 ~ R :..œJ + 

Cœmon amnonium.-carboni'UIII. ion 
(B.H)+ .:t RNH2 

R•III-CH -11-11 ____!!:t [.:...(;H2-II-11 ~ RN-Ill
2
-3-lll 

H 2 H ~ [H H H H J----~ 

Ammonium ion (C.H)+ 

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

oxonium ion (A.H)+ and similarly the methylene-bis-amine (C) forma an 8llll-

oniWil ion (C.H)+. It can be eeen in the table that llhile the axoniUil ion 

contains the element ot water properly œmbined as such, the 811111l0llium ion 



conta.ins a molecule ot anine ae such. Lose of water or adne respectinl;r 

reaults in the coJEon cation (B.H)+, the ammoniwa-carbonia ion, which in 

the case ot a second.ary amine can be repreeented as follows (~CH2)+. 
Brietly, it is possible to state that A, B and C by accession or a proton 

can yield a common cation. 

.3.3. 

The postulation of a com.on cation (R;zNCH2)+., which Cal be derived 

from A, B and C by action of an acid, and al.so during the reactien ot rorm.-

alde}Vde and a prim.a.ry" or secondar;r anine in the presence ot acid, provide• 

an explanation or the tact that, in certain reactions prc:aoted by aeid, 

there may be used either the fomaldebyde and primar;T or secondar.r amine, or 

preformed metbylene-bis-aa.ine or Schiff' s base. The e:xistence of the se ions 

was conceiwd b;r Stewart and Bradley (00) on grounds part;l.y speculative or 

interential. 

A thorough search of the literature reveal.ed. that only one thiazole 

derivative has been studied in Mamdch condensation reaction. .Al.bertson 

(Sl) reported a successtul reaction, when 2-acetamid~metbyltbiazole 

(LXXXVI) vas treated ld. th dimethylaadne and formaldebyde in ace tic acid sol-

ution. The product obtained was 2-acetamido-4-~œthyl-5-(dimetbylaminomethyl)

thiazole (LXXIVIr,). The reactirtt:r ot the hydrogen atom in position 5 of the 

thiazole is eurprising. It was shawn, howeTar, that el.illination of the 2-

acetamido group greatl;r d~pdni shed the reacti"fity of the thiazole nucleus 

towards this t;rpe ot reaction. Al.bertson attempted the Mannich condensation 

of 21 4-dimethylthiazole (XI), but only' a very minute yield ot an unidentitied 

product was obtained. 

(LXXXVI) (LXXXVII) 



Mannich-type comensations of eome monosubstituted acetylenes with 

formaldebyde and secondary amines have been described by Mannich and Chang 

(82) and later by Jones, Marssak: and Bader (83). The interaction of aryl-

acetylene, formalde~e and a secondary aline y:l.elded an unsaturated base 

containing one triple bond. Rose and Weedon (84) reported that 3-die~l

aminobut-1-yne (LXXIVIII) reacted readily ld. th paraformal.dehyde and diethyl-

amine, or piperidine, giving the acetylenic diamines (r.xnu). 

(LXXXVIII) (rnxrx) 

Acid& and esters were also lmown to posaess active hydrogen. In 

1920 Mamd.ch and Kather (75) observed that the action ot tormaldebyde and a 

seeondary amine on malonie aci.d (XC) reenlts in the formation of a~ -allno 

acid (XCI). A few years la ter Mannich and Ganz (85) described the prepar-

ation ot seTeral t8 -amino dicarboJcy"lic acida by utilization of Mannich cond-

ensation. The best resulte were obtained when a aonoallcylated malonie aeid 

was used. The di basic amino acid formed hae the tendency to lose one aole 

OOOH 
~ 

R2NH + CH20 + H-r 
OOOH 

(XC) 

of carbon diorl.de. 

(XCI) 

Mamrl.ch am Mllck (86) syntheBized a bicyclic compound, a der:i.Tative 

ot pyd1n (XCIII) by the condensation ot 3, 5-dicarbethoJcy"-21 4-diaethyl-tetra.-

Jvdropyron (XCII) with foraaldebyde and methyl8JIIine. 



COOC2H5 
35. 

CH
3
-cH- c-

1H2 
1 1 

CH
3
-CH- CH-OOOC2H

5 
1 1 

0 C=O N-CH3 0 C•O œ~ 
1 

c~' . 2 
1 1 1 1 

CH3-CH œ-COOC2H5 CH3-CH_ c CH2 
COOC2H5 

(XCII) (XCIII) 

Mannich condensation was utilized in the s.ynthesis of tropinone 

(XCIV) - a bicyclic al.kaloid - by Robinson (87). He oondensed succinalde-

hyde (XCV) with methylarlne and acetonedicarboxylic acid (XCVI). 

CH2-CHO CH2-COOH œ2 CH - œ-OOOH 

1 
+ H:!1-CH3 + J.o > 1 J_œ3 J.o 

H2- CHO J~- COOH CH2.,_ ~ _ 1-000H 

(XCV) (XCVI) ! -2 C02 

CH2- ~H- i2 

CH~ 

(XCIV) 

C=O 

JH2 

Aldehydes react with formal.dehyde and pr:lmar.T or secondary Sldne 

in such a w~q that the o(-hydrogen atom ot the aldehyde is substituted by a 

diallcy'lamino methyl group. Certain types of' local anaesthetics are J:repared 

from N-substituted-;9-aminoal.dehydes. A. C\llllbersome wq ot preparing these 

compo'Uilds was reported by Wohl (88) as early as 1901. Mannieh and ooworkers 

(89,90) synthesized o(,ol.. 1 -dimetbyl-~ -diethylaninopropional.dehyde (XCVII) 

by the action of diethylamine and tonnal.dehyde on isobutyraldebyde (XCVIII). 

The success of the reaction depends on the number at reactive bydrogen atoms 

adjacent to the aldehyde group. The course of reaction is unambiguous when 
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onl.7 one h;ydrogen a tom is present 1 while the presence of a methylene group 

adjacent to the oarboeyl group leads to a complicated result. 

C2H5 
\ 

N-H + CH20 
1 

C2H5 

CH.3 
\ ~0 

+ H-C-C 
l 'H 
CH.3 

(XCVIII) 

C2H5 CH.3 
' 1 jJ 
N-<ll2-C-C 

/ 1 'H 
C2H5 CH.3 

(XCVII) 

The MBnnich condensation of ketonea has been more extensively 

atudied than that of aldehydes. Saturated and al. 1/.1-uneaturated ketones, 

cycloalkanones, mixed aliphatic arom.atie ketones, cyclie ketones and, 

final.ly 1 heteroeyclic ketones are all able to undergo Mannich reaction wi th 

both primary md aecond817 alinea. When prilllary aine is used the first 

product ia a second8r7 anine 1 which often reaots further to giTe a tertiary 

amine. 

In one of his .firet works Mannich (91) synthesized ketobaaes by 

treating acetone wi.th a secondary amine, namely dimet}V"lamine 1 in the pres-

ence of forataldehyde. (equation a) 

.36 • 

Mannich am Heilner (92) deecribed the synthesis of a 8-œinoketc:œ from 

aoetephenone 1 fomal.deh;yde and dimetbylami.ne hydrochloride. (equation b). 

The use of two moles each of aoetophenone and formaldebyde and one mole of 

met~lanine hydroàlloride 7ielded ~ ~~ 1bia(benzoylethyl)methylamiœ (XCn). 

b) 



Later Mannich and Lamm.ering (9.3) investigated the reaction between mixed 

aromatic-aliphatic ketones, formaldehyde snd salta 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 ex~cted~-(di)-alkylamino-p

nitroacetophenone in fair yields. 

Mannich and Brown (96) showed that qyclic ketones too, can be 

used for the synthesis of Mannich bases. The reaction was unambiguous when 

secondary amine was used, but a mixture of canpounds was produced w.ith 

primary amines wh en the molecular ratio of the reactants was one to one. 

.37. 

Cyclohexanone was treated wi th fonnaldehyde and dimethylamine in equimol-

ecular quantities. The isolated product was identified as 1-(dimethylamino-

methyl)-cyclohexanone (C). The condensation of two moles each of cyclohex-

anone and formaldehyde with one mole of methylamine resulted in the fonnation 

of bis-((cyclohexanone-(2)-yl)] -methylamine (CI). Later Mannich ani Schaller 

(97) carried out similar etudies on c.yclopentanone. 

H 

() 

,CH.3 
H~ Hr~ 
H CH.3 

l. 

:z. 

(C) (CI) 
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Phenols are able to undergo Mannich cœdensation. Meadow and Reid 

(98) utilized Mamrl.ch reaction for the introduction of Bllino groupe at.ch as 

-CH:JŒ
2
, into the nucleus of various types of phenolic ccmpoums. '1'wo dimeth-

yl811linoaethyl groups were introduced in po si ti on ortho to each of the bydro:ql 

groupa in 4,41-di-o-cresol (CII). The structure of 41 41-dihydroxybiphenol 

would pemit the introduction of four dimethylaninomethyl groups. Marc 

Julia (99) reported that the reaction al.wqs takes place in position ortho 

to the phenolic group. 

HO OH 

(CII) 

The ecope of the Mannich condensation bas been extended to hetero-

cyclic compounds. In heterocyclic ccmpowxls, three types at actiTe hydrogen 

atou may be involved; (1) those di.rectly attached to the nucleus a• in 

antipyrine and indole 1 (2) tbose attached to the o(-carbon ot an allcyl group 

attached to the ring as tor e.xsmple in o(-picoline and quinaldine; snd final.l.1' 

(.3) those attached to side chaine where the activation is proTided by sœa.e 

group other than the ring as in 2-aeetothienone or 2-acetylturane, etc. 

The Manni.ch reaction of pyrrole, us:l.ng al.iphatic Bllines as well 

as piperidine and morpholine, was reported by Bachman and Heisey (100). A 

mixture of mono- and disubstituted products was obtained. Later Herz, 

Dittm.er and Cristol (101) described the preparation of som monosubstituted 

deri~tives of pyrrole by the Mannich condensation. 

Condensation of .2-methylquinoline w.i. th torm.al.debyde and piperidine 

waa first reported by Kermack and Muir (102). The ratio of 2-metbylquinoline, 

tormaldeeyde and piperidine was 1:2:2. The product of this reaction was 
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identitied as 2- (pipericlinoethy1)quinoline (Gill). Simi1ar1y 1 using 2-meth-

y1quinoline 1J1drochloride 1 formald.ehyde and dieti::\T1anine, they obtained a 

T.i.ecous ye11ow oi1, 2-{,J -diethy1aminoethy1)-quinoline (CIV). Unsuccessful 

attem.pts vere made to substitute acetaldehyde for ferm.aldebyde in these 

reactions. In the same ,ear, a.fter completion of the above-m.entioned work, 

Heou-Feo and De1épine (103) reported the preparation of 2-(B -diethy1anino-

ethyl)-quinoline (.CIV) by a method essential.]Jr the Séllle as described by 

Kerm.aek and lfuir. The three compounds vere used in equimo1ecu.lar quantities. 

The yie1d was verr poor. This werk also dealt with the condensation of 2-m.eth-

y1pyridine with formaldebyde and diethy1ami.ne. The re sul ting prod.uct vas 

characterised as 2-(/8 -dietby1aminoethy1)-pyridine (CV). 

(CIII) (CIV) 

(CV) 

Matuszko and Taurins (104) investigated Mannich condensation of 

4-mthy1pyridine. They fœnd that the main product of the coDdensation of 

L,-methy1pyridine with formaldebyde and dimetb;y1amine hydroeh1oride vas not 

the expected 4-{S -dimethylaminoethy1}-pyr:i.dine (CVI) 1 but an unsaturated 

base, name1y 4-(methy1ene~ -<H.methylaninoethy1}-pyridine (CVII). Sillilarly 

the unsaturated base characterized as 4-(oZ.-methy1ene-t6' -piperidJtl,.ethy1)-

pyridine vas obtained in the condensation of 4-methy1pyridine 1 .formaldebyde 
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and piperidine. '!he unsaturated bases turned reddish-brown on standing eTen in 

a closed container. 4o-Met}0'1pyridine reaeted :iloi'Ilal.ly with fo:nnaldehyde and 

dieth)-1-, di-isopropy1-, and di-n-buty1811line, to give the correaponding 

4-dialkylaminoeth;ylpyridinee. 4--~ -Pyrrolidylaminoetbyl)-pyridine was 

obtained when pyrrolidine was used as the amine, and the use of morpholine 

resulted in the formation of 4-{(3 -llOrpho~laminoetbyl)-pyridine. 

(CVI) (CVII) 

Snyder and Foster (105) investigated the Mannich condensation of 

pyri.Jiidines. It was found that 2,6-dimethy1-4-hydroJcypyrimidine (CVIn) is 

able to react with both d its methyl groups. The condensation of (CVIII) 

wi tb fomal.dehyde and piperidine yielded in 2-l bis-(piperidinomethyl)-metb;rlJ -

4-methyl-6-hydro~d:ille (en) and 2-[bis-(piperidinaaeth;y1)-11teth;y~ 

(piperidincmetby1)-6-hydroxypyrim:idine (CX). When morpholine was used inetead 

of piperidine, à condensation of a simi1ar kind was observed. 

(CVIII) (CIX) (CI) 



The aninomethy1ation through the use of Mannich reaction is not 

limited only to C-H acid groups. Certain Mannich bases of I!!IUbstances 

u. 

possess:l.ng active hydrogen on nitrogen were already prepared before the idea 

of Mannich reaction became lmown. N-Piperidincmethy1phthalimide (CII) 

can be regarded as the first N-Mannich base. 

(en) 

This canpound was first prepared by Sachs (106) around the end of the nille-

teenth century 1 by gent1e heating of an alcoholic suspension of phthalimide 

wi th formaldehyde and piperidins. Twenty years 1ater Einhom (107) described 

the preparation of N-ctl.ethy1aminom.ethylisatine. The preparation of N-piperi-

dinomet}tv1carbazo1e was reported by Feldman and Wagner (77) in 1942. He11-

mann and LSacmann (108) dealt with the prob1em of the synthesis of several 

N-dialky1aminometby1 derivatives of phthalimide, succinimide, isatin and 

carbazo1e. Piperidine 1 morpholine, diethy1 and c::lilllethy1 amine a were used 

during the se investigations. Bombardieri and Taurins (109) studied the 

Mannich cotdensation of 2-pyrrolidone 1 hydantoin, uracil, 21 4-thiazolidine-

dione and aliphatic nitramines. They aeeamplished the s.ynthesis of a 

series of new Mannich bases. 



DISCUSSION 

I. Condensation reactions of methylthiazoles 

and aromatic anhydrides 

The group of merocyanines includes three types of compound• which 

possess some CODI!lon structural features, namely, the aromatic sy1tem with 

a 11 3-d:iketo grouping linked to a nitrogen heterocyclic ring, like pyridine 

and qu.inoline. These are phthalones, na.phthalones 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 methylquinolines. The objective of this wo:rk wa.s, 

pa.rtly, to extend the group ot merocyan:ines by including the deriTatives of 

unsubstituted or methyl-substituted thiasoles. That could be accomplished 

by the condensation of mono- and dimethylthiazoles with anhydrides of di-

and poly-carboxylie acids of the arom.atic series as phthali.c (CXII), naph-

thalic (XLII), diphenic (CXIII) and pyromellitie dianhydride (LXXVI). At 

the same time another goal was pursu.ed, namely, the exanination ot the 

reaetivity of methyl groups attached in various positions of the thiasole 

ring. 

(CXII) 

The relative reactivit,r of the methyl groups of methylthiazoles 

bas not as yet been investigated and for this reason the present study 

appea.red promising in order to reveal the qualitative and if possible the 

42. 



quantitatiTe differences under which condensation eould take place. 

The condensation reactions of methylpyridines 'With aramatic 

anhydrides allowed the prediction tbat simi.lar 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 sildlarity arises :from the electrcn withdrawing 

:force of the annular nitrogen atom in botb cases. It can also be predicted 

that the 2-posit:i.on of the thiazole is activated to a certain erlent by the 

annular sulphur. Al3 a resul.t of the electron wi thdrawing by N and S there 

is electron deticiency of the carbon atom in 2 position. This electron 
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de.ficiency comb:ined w.i.th the electron-repelling character of the methyl group 

reveals that the )Vdrogen atans of this particular methyl group are actiTated 

and consequentl:y mobile as can be illustrated by the .following scheme: 

.. 

There is also an altemative possibility of a tautcaeric shi:ft of a proton 

towards the annular nitrogen atom. 

îl-~r 
HC C=CH2 
"-"/ s .. 

The mobile hydrogena of a methyl group in the 2 position of thiazole are 

unique. They di.:ff'er markedly :from the l.n'l.reactive hydrogene of methyl groups 

at the 4 and 5 positions, because the activating e:ff'ect of the amular nitro-

gen and sulphur atoms does not appear to influence such metbyl groups. A11 



these considerations indicated that condensation of methy1 groups in 4 and 

5 positions ahould require mare drastie conditions than in the case of 2-

methy1thiazo1e. 

Each condensation reaction at methy1thiazo1es with aramatic anhY-

drides was carried out at different temperature and for different 1ength of 

time in order to determine the optimum conditions of the process. To 

faci1itate the reactions, anbydrous zinc ch1oride was used as a eatalyst. 
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The ratios of the eatalyst as we11 as the ratios of the reagents were Taried. 

These condensations were carried out both at atmospheric pressure and in 

sealed tubes. It was found that only phthalie and naphthalic anhydrides 

were reactive and that reactions occurred only with thiazo1es containing 

the methy1 group in c2 position. Methy1 groups in four and five positions 

on the thiazo1e ring did not show any reactivity toward.s the acid anhydrides. 

The reaction products were ye11ow cr,ystalline substances possessing the 

structure of 2-substituted derivatives of 1,3-indandione and 1,3-perinaph-

tbindandione respective1y. 



Mechanian of the condensation reactions 

The mechanian of the condensati<m of 2-methylthiazole with anhy-

drides of aromatic dicarboxy:lic acids can be satistactorily e.xplained by 

assuming that the 2-methylthiazole reacts in one of its tautaneric forma 

B. The resonance form B of the meth;ylene-tautœner 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 

wi thdrawing forces of the azmular nitrogen and aù.phur, the re is an activ-

a ting effect of the oZ-carbonyl group. The latter group exerts a strong 

activating effect on the hydrogena of the methylene group because of the 

vicinit:r of the araaatic ring. Such a strong activating ettect is in agree-

ment wi th analogous cases obsened; for exanple, 2-halo acetophenone. '1'hu.s 

the activated hydrogen atau, together with an oxygen atom, will be elimin-

ated in the form of water in two subsequent steps. The follow.i.ng scheme 

expresses the mechaniem of this condensation reaction. 

A 

I 
~ 

B 
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C NH @):-ë=O . . 1 
Lc~·:Lc ..... l s~ _., .. -........., 

0 

(CXVI) 

(CXV) 

The elimination of water can oceur in two sli&htly different wqs 

as in:lica.ted by paths I and II. In path I, the initial step is the format-

ion ot an acid (CXIV) which loses a molecule of water ldth a simultaneous 

migration of a hydrogen atom to the annular nitrogen and a shift of the 

double bom. In path II a polar compound (CXV) is formed as the i'irst int-

ermediate possessing a positive charge on nitrogen and a negative charge on 

axygen. The secom step consista of the migration of an activated hydrogen 

ato.m of the methylene group to the negatively-charged axygen 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. 
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The prototropic shift gives rise to an extended conjugation s.rstem 

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 ot the 2-l2-(4-thiazoline)]-1,3-indandione corresponds to the 
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follaw:ing resonance hybrid: (CXV a-f). 

0 G •• 
.iL ·o· çt) /ëY) 

'~ If 

0 
(a) 

HC--NH ·,-e· HC-NH 0 
Il Il ~c ~ 1 Il Il /ëû 

HG._,_ .. /C-C ~HC C-c 1 
.~ '\. c ~ ......... s / \.' ........ ô 'ç ~ ........ 

·6· (b) (c) e' .. · 

1 

This resonance hybrid ot the thiazolophthalone inTolTea sewral. dipolar 

.forma and eontains an extended system of eonjugated. double bonds. &ch 

. structure explains its high melting· point and the intense light absorption. 

Condensation ot 2-metbylthiazole 

with phthalic anhydride 

The condensation of 2-methylthiazole (V) w:l.th phthal.ic anhydride 

(CXII) took place with great ease. A mixture ot equimolecular quantitiea 

o.t 2-methylthiazole and phthalic anhydride was heated at 180-190° tor sev-

era! hours. At the end of the reaction, the mixture was treated with hot 

dilute acid to remove the basic unreacted 2-metbylthiazole. The principal 

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

2-[2-(Lrtbiazoline)j-1,3-indandione (CXV); m. p. 310-312°. 
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HC--N 0 

IJ Il /ëû 
H" _..9-CH 

s ""-c 
0 

(CXV) (CXVII) 

The classical. formula (CXVII) of the condensation product cannot 

explain its deep colour. Apparently there is a possibility of resonance in 
1 

the indandione and thiazole parts of the molecule but the -CH group might 
' 

act as a kind of barrier and ~bit a free shift of 'iT'electrons throughout 

the whole molecule. For this reason a prototropic shift of the hyd.rogen to 

give the structure (CXV) might be necessary to explain the appearance of the 

colour. A simi.lar prototropic shift has been postulated by methylation and 

oxidation studies of pyridophthalone (50). 

The thiazolophthalone (CXV) is insoluble in water, dilute acetic 

acid and carbon tetrachloride; soluble in methyl alcohol, 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. Nei ther addition of zinc cbloride catalyst nor elevation of the 

temperature nor prolongation of the reaction time intluenced the yield. 

When the compound was treated with sodium alkoxide or with hot 2N sodium 

hyd.roxide, a deep red-coloured crystalline sodi:um salt was obtained• From 

the reaction mixture another crystalline compound was al.so isolated. After 

subjecting it to solubility and classification tests the compowxl was found 

to be phthalic acid. 



Condensation of 2~ethylthiazole with naphthalic anhydride 

Naphthalic anhydride (XLII) gave a condensation product with 

2~etqylthiazole (V), but the reaction did not take place as readily as 

with phthal.ie anhydride. Presence of zinc chloride catalyst, higher tanp-

erature and considerably longer time was necessa.ry to bring about this 

condensation. The ratios of 2-methylthiazole:naphthalic anhydride and zinc 

chloride were as follaws: 1:1:0.75 and 1:1:0.5. Somewhat higher yield. was 

obtained when the ratio of zinc chl.oride was 0.75 to 1:1 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 i'iltered. The filtrate was treated with very 

dilute sodium hydrorlde and the precipitate thus formed was recrystallized 

from hot glacial acetic aeid. '!he dark yellaw, 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). Thiasolo-

naphthalone (CXVIII) can be formulated in a similar way as a resonance 
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hybrid and thus the structure explains both the high melting point (241-242• ) 

and the colour. 

0 
" c 

1 
=C 

\ c 
ë 

(CXVIII) 

In contrast to the reactivity of the 2-methyl group, the inertness 

of the 4-methyl group could be predicted on the basis of Pullman and Metsger1 s 

caJ..culations. Conceming the electricaJ.. 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~ethylthiazole (XIII, 

XXIII), that the carbon atom in position 4 possesses smaller free valence 

and weeker electr:l.cal charge than carbon 2. Obviously the methyl group in 

C4 should be lese reactive than the one in c2• 
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The condensation of 4-methylthiazole (VII) wi th phthalic anhydride 

(CXII) was attempted by heating of e~olecular quantities of the reactants 

in a wax bath at H~:>-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 

phthalie acid. A large portion of the 4-methylthiazole was reeovered. An-

other attempt was made, this time using zinc chloride catalyst. Again ~ 

methylthiazole was recovered and phthalic acid was isolated. The reaction 

was repeated in a seal.ed tube, once using zinc chloride and another time 

without the cata.lyst. No condensation product was obtained under any cond-

itions. 

Several experillents under different conditions were carried out to 

condense 4~ethylthiazole with naphthalic anhydride. The reaction tailed 

in all attempts to produce any condensation products. Both starting materials 

could be recovered. 

5-Methylthiazole behaved in a similar w~ to 4-methylthiazole. No 

condensation products vere obtained under any conditions wi th ei ther phthalic 

or naphthalic anhydride. These negative resulta gave !Urther support concem-

ing the inertness or 4-, and ~ethylthiazole. 

These experimenta demonstrated the reactivity of a methyl group at 

C2 am the inertness of methyl groups in the four and five positions on the 

thiazole ring towards aromatic acid anhydrides. On the basie of these obser-

vations it was expected that 2,~dimethylthiazole (n) would react only with 
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its 2-metbyl group yiel.ding 2-[kethyl-2-(l,.-thiazoline)J-1,3 indand.ione 

(CXIX). In the f'irst eJ!Periment, equimolecular quantities of' 214-dim.etbyl-

thiazole and phtbalic anhydride were heated together at 180-1<)0• f'or tour 

hours. Alter the elimination of' the unreacted 2,L,.-dimethylthiazole, the 

cru.de prod.uct was recrystallized from alcohol. The molecular weight deter-

mination and elementar.y analysis ot the purif'ied, cr,ystalline substance 

indicated that only one methyl group had taken part in the condensation 

reaction. The product was characterized as 2-[L,.-methyl-2-(4-thiazoline))-1, 

3-indandione (CXIX); m.p. 255.5-256•. The yield. waa 27 per cent of' the 

theoretical. 

It is possible to postulate the structure ot this compound on the 

basis of' previous experimental results. Since ~ethylthiazole condensed 

with phthalic and naphthalic anhydrides and the metbyl group of 4-methyl-

thiazole was inert it is therefore justifiable to conclude that 21 4-dim.etb-

ylthiazole reacted w.i.th its 2-methyl group and not w.i. th the one at C4. How-

ever, it seemed to be necessary to attempt to f'ind w~ to force the ~etnyl 

group into reaction. In a second attempt the ratio of' phthalic anhydride 

and 21 4-dimetbylthiazole was 2:1. The reaction mixture was heated at 100-

190• for four hours as in the previous e.xperiment. The melting point and 

mixed melting point deter.minations indicated that the product is identical 

to (CIIX). The yield. was unchanged. When the condensation was carried out in 

a eealed tube the yield was almost doubled (46.5 per cent of' the theoretical) 

but the second methyl group still rem.ained unaf'f'ected. Neither the presence 

of' zinc chloride catalyst nor the prolongation of the reaction time could 

force the second met.byl group into condensation reaction. On treatment with 

sodium ethoxide or with hot sodium hydroxide, it gave a glittering, deep red 

crystalline scxiitml salt. 



Methylation and subsequent oxidation etudies analogous to those 

carried out by Kuhn and BL- (50) were undertaken in order to establish the 

structure of (CXIX). The compound was methyla.ted by simply adding it to 

ethereal diazomethane and the mixture was allowed to stand at room temper-

ature for 40 hours. The 2~[3,4-dimethyl-2-(4-thiazoline)]-1,3-indandione 

(C.XX.) was recrystallized from water and was oxidized wi.th dilute nitric 
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acid. Two degradation products, nam.ely phthalic acid and N-methyl-2-thiazo-

lone (CXXI) should be obtained. 

No difficulty was encountered in isolating the phthaJ.ic acid, and 

the phthalein test was used for its identification. After the phthalic acid 

was extracted the solution was neutralized and saturated w.ith solid sodimn 

hydro.x:i.de. A strong pangent odour, characteristic of 4-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 defini te product from the thiazole part of the molecule. This probably 

is due to sensitivity of the thiazole ring to the drastic conditions of 

axidation. 



HOOCO 
+Hoocl,...-::: 

(CXX) (CXXI) 

The ultra-violet and infrared absorption speetra of (CXIX) and 

(CXX) were measured. The ultra-violet speetra were measured in the labor-

atory while the infrared was carried out by A. Taurins on t:œ Perkin-El.mer 

double bean spectrophotometer Model 21 in the laboratories of the National 

Researeh Council," Ottawa. 
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The reaction between 21 4-dimetbylthiazole (IX) and naphthalic 

anhydride resulted in 2-(4-methyl-2-(4-thiazoline)]-1,3-perinaphthindandione 

(CXXII). The anhydride (0.05 mole) and the dimethylthiazole (0.05 mole) 

were melted together in the presence of zinc Chloride (0.037 mole) at 220-

240• for ten hours. Several recrystallizations from a dioxane-water mixture 

(each requiring several dé!IYS) resulted in large dark-brown crystals. The 

product (CXXII) whieh was obta.ined in 17.2 percent yield, melted at 216-

217• and the carbon, hydrogen, nitrogen analysis was in excellent agreement 

with the cal.culated values for the compourd. The molecular weight determin-

ation gave a value which was very close to the calculated molecular weight 

(molecular weight; theoretical: 293.326, found 2$9.4). When the reaction was 

repeated in a seal.ed tube, by using a smaller amount of the zinc chloride, 

the yield was slightJ.y hi.gher, 22.15 per cent. Shortening of the reaction 

tiœ resulted in the recovery of the starting materials, and no product was 

obta.ined. 
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Comparing the resulta of all the previously described experiment s, 

it could easily be concluded that the on1y reactive methyl group on the thia-

~le ring was attachad to position 2, since the attempted condensations w.i..th 

4-methylthiazole (VII) and 5~ethylthiazole (X) with phthalic and naphthalic 

anhydrides failed. It was therefore assumed that in thecon:iensati.on of 2, 5-

dimethylthiazole witb phthalic anhydride, 2-[5-methyl-2-(4-thiazoline)] -1,3-

indandione (C.XXIII) would be formed. This presumption was confinned by 

experimenta. 'l'wo condensations were carried out simultaneously. In one case 

the reaction mixture oontained 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. 



The use of zinc chloride was necessary again to he1p the conden-

sation of naphthalic anhydride with 2, 5-dimethy1tbiazo1e (XIII). The amount 

ot zinc chloride used infiuenced the yi.e1d. It vas tound that the highest 

yie1d was obtained when the ratio of 21 5-dimethy1thiazo1e :naphthalic anhy-

dride and zinc chloride was 1:1:0.5 and the mo1ar ratio ot 1:1:1 resu1ted in 

the 1owest yie1d. A mixture ot the reactants was heated at 220-~0 tor 

ten hours and alter purification by recr.ystallization from glacial acetic 

acid a dark brown crystalline product was iso1ated and characteri.zed as 

2-f.5-methy1-2-(4-thiazoline )] -1,.3-perinaphthindandione ( CXXIV); m. p. .302-

.303•. Simi1ar1y to the prev:l.ous caees, the sodiœ. salt ot (CXXIV) is a deep 

red co1our. 

SeTeral. attem.pts were made to condense 2-methy1thiazo1e (V) and 

214-dimethy1thiazo1e (XI) with diphenic anhydride (CXIII). The reaction was 

attempted once by silllpl.y heating a mixture ot the components; (XI) and (CXIII) -

without a catal.yst - for twe1Te hours in a wax bath. The temperature was 

gradual.ly raised from 100-250°. In other reactions zinc chloride catalyst 

was used, and its ratio to the other two componants waa changed. The temp-

erature and time were also varied. In one instance hydroquinone inhibitor 

was added to the mixture in an attempt to prevent po1ymerization. Reactions 

were also carri.ed out in a sealed tube, but without suocess. In each case a 

dark brown, soft amorphous compound was obtained ani attempts to iso1ate a 

crystalline condensation product fai1ed. 
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The negative resulte were surprising Binee diphenic anhydride was 

reported by Taurins (45) to condense wi th quinal.dine and 2-m.ethylpyridine 

(XVIII). To explain the negative result in this condensation the structures 

of phthal.ic (CXII) and naphthalic (XLII) anhydrides and that of the pyromell-

itic dianhydride (LXXVII) were compared wi th the structure of diphenic anhy-

dride (CXIII). It is obvioua that in the case of diphenic anhydride, after 

opening the anhydride ring, free rotation ie possible. What course the 

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

Attempted condensation !ith pyrgmellitic dianhydride 

The pyromellitic dianhydride (lXXVI) is structurally similar to 

phthslie anhydride and it was expected that condensation reaction will 

readil.y occur wi th thiazoles containing a me thyl group in position two. It 

vas preslJiled 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 dianbydride (C:XXV) and another in which only one mole of the 

methylthiazole is condensed to one of the anhydride rings while the water 



thus libera.ted would react w:tth the other anhydride ring giving a dibasic 

acid ( CXXVI) 

R-C-NH Qd HN-C-R 
Il 1 ..,.. c ~ "'- 1 11 

R-C C ;::::::. C 1 C :::::::::;.. C r._R -........ s........- ""'-c h- c ,... ' /' 
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R-C-N ë 

Il 1 / û:OH R-~ C ===C j 
5/ 'c ~ OOOH 
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(CXXVI) 

A mixture of pyrœnellitic dianhydri.de and 21 4-dimethylthiazole 

was heated at 18û-190• for several hours and :puritication of the resulting 

brown ma.ss was attempted. After washing the powdered mixture with one per 
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cent hydDochloric acid, several solvents were tried in an attempt to find an 

appropriate medium for recr,ystallization however without any success. In the 

next attempt 2 moles of 2,4-dimethylthiazole was heated with one mole of 

pyrom.ellitic dianhydride at lSû-190• for several hours. In other attempts 

zinc chloride catalyst was used. in different ratios. All these experimenta 

gave negative resulte. No condensation product could be isolated from the 

reaction mixtures. 

II. Mannich cC!ldensation of methylthiazoles 

Tbe second part of this investigation consisted of the Mannich 

condensation of methylthiazoles. It was sholm agai.n that 'While the methyl 

group on C2 of the tbiazole ring was able to react with formaldeh7de and 



seeondary amines (morpholine and piperidine) the methyl groups on C4 and c5 
did not show any reaetivity. The Mannieh bases prepared from 2~thyl-, 

214-dimethyl-, and 2, 5-dimethylth:l.azole are colourless liquida. They were 

charaeterized as dipicrates. 

The Mannich condensation of 2~ethylthiazole was first attempted 

;s. 

by dropwise addition of formaldehyde to a mixture of equimolecular amounts of 

2-methylthiazole and morpholine. 'lhe mixture was stirred at roan temperature 

for eix hours, and then divided into two equ.al parts. The first part was 

extracted 'Wi.th ether and dried over anhydrous sodium sulphate 'While the 

second halt was extracted wi.th chlorofonn and dried over anhydrous potaaeium 

carbonate and distilled UDier reduced pressure. Atter evaporating the sol-

vents used for extraction, the unchanged. 2-methylthiazole was al.m.ost 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 cauld be obtained. 

The mixtures mentioned above were slightly basic because of the 

presence of the free morpholine. Lieberman and Wagner (7S) showed that even 

a sll.ght excess of a base can hi.nder the initial condensation of the amine 

and fomal.dehyde, thus preventing or obstructing the fonnation of the cation 
1 

R~y+ 'Whieh would combine with the anion of the active hydrogen-containing 

compound. It was therefore attempted to neutralize the mixture of the 2-me-

thylthiazole and morpholine by dropwise addition of acetic aeid. SeTeral 

reactions were tried rut no prodnct was obtained. The use of the amine hydro-

chloride was finally decided upon and the reaction was a success, although the 

yield was poor. 



Morpholine hydrochloride (CXXVII) was dissolved in a snal.l amount 

ot water and was mixed with an e~olecular ~antity of 2~ethylthiazole. 

Formaldehyde was added in the tora ot 37 per cent· aqueous solution OTer a 

period of torty-ti ve minutes while the mixture was agitated and heated at 

85-90°. On completion of the reactian, the mixture was neutralized 'With 

aqueous potassium carbonate and extracted with ether. By di•tilling the 

extract under reduced pressure a colourless, viscous liquid was produced; 
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b.p. 79-81° at 3 mm. The yield was 7.1 per cent. The reaction was repeated 

once by changing the ratio of the starting materials used and another time 

by extending the reaction time from two hours and forty-five minutes to five 

hours. No product could be isolated from the dark brown mixture and some-

what lower yield (6.5 per eent of the theoretical.) was obtained when the 

ratio of formaldehyde 1 morpholine hydroehloride and 2-methylttdazole was 

2:2:1 instead of 1:1:1 as in the first mccessful experi.Jilent. 

After standing for thirty minutes at room tam.perature1 the comp-

OUDi showed signe of decomposition. Its dipicrate derivative was stable 

and was used for anal.ysis and characterization of the compoum. The nit-

rogen anal.ysis of the picric acid derivative was in excellent agreement w.i.th 

the cal.culated values for the dipicrate of 2-(morpholinoethyl)-thiasole 

(CXXVIII). 

+ 

(V) (CXXVII) 
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(CXXVIII) 

The condensation of 2-methylthiazole with formaldehyde and piperi-

dine hydrochloride (CXXIX) yielded 2-(piperidinoethyl)-thiazole (CXXX). 

J2-œ~ 

(V) (CXXIX) 7 CH2 + HCHO + HCl• HN\ JH2 

CH2._ CH2 

(CXXX) 

The product isolated from the reddish-brown reaction mixture was 

a colourless, viscous liquid. The maximum yield, 19.9 per cent, was obtained 

when the reaction was carried out at higher tem~rature (80-85°) during a 

shorter period of time. The compound decamposed rapidly at roam temperature 

but its dipicrate, which formed easily as yellow needles, was stable. 

Since Mannich condensation was successtully attempted with 2-meth-

ylthiazole, it was almost certain that 2,4-dimethylthiazole and 2,5-dimeth-

ylthiazole too would lead to a positive result. It was anticipated that the 

product in each case would result from reaction of the 2-methyl group. 



whether the methy1 groups in c4 and c5 positions are reactiTe or inert in 

the Mannich-type condensation, had to be studied. In some of the reactions 

equimo1ecular quantities of the reactants have been used and in others the 
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ratio of the anine hydrochloride, formaldehyde and methy1thiazo1e was 2:2:1. 

To an agitated mixture of 2,4-dimetbylthiazo1e (II) ard. morpho1-

ine hydrochloride ( cxxvn) aqueous fom.al..dehyde was added dropwise. The 

highest yie1d, 16.97 per cent, was obtained when the ratio of the reactants 

was 1:1:1, the temperature 90-95° and the reaction time six hours. When 

the temperature was lower, the reaction t:ime shorter and the ratio ot mor-

pholine hydrochloride, formaldeh;yde and 2,4-dimethy1thiazole was 2:2:1, the 

yield was considerably diminished. On coapletion of the reaction, the mix-

ture was neutralized with 20 per cent potassium carbonate solution and 

extracted with ether. By subsequent distillation at reduced pressure, an 

unstable, colour1ess, viscous liquid was isolated. Its dipicrate was 

prepared and analyzed. The corresponding Mannich base was characterized 

as 4~ethyl-2-(morpholinoeth;yl)-thiazole (CXIXI). 

7 
(n) 
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1he reaction ot piperidine hydrochloride (CXXIX) and .tomaldeh;yde 

with 2,4-dimethylthiazole (XI) re&ù.ted in the formation ot 4-methyl-2-

(piperidinoethyl)-thiazole (CXXIII). The optilllum yield was obtained when the 

ratio ot the amine hyclrochloride, tonaaldehyde and dimethylthiazole was 2:2:1 

and the mixture was heated at S0-90• tor two hours. The yield was consid.er-

ably smal.ler at lower temperature even though the reaction ti.Jœ bad been 

e.xtended. When the reaction mixture was heated above 95•, no product could 

be isolated at all. 

(XI) (CXXIX) 

The behaviour of 2,5-di.methylthiazole (XIII) in Mannich conden-

sation wa.s similar to that ot 21 Lrdimethylthiazole. cne prod.uct was ieol-

ated in each case in which the 2-methyl group alone had reacted, while ~~ 

and 5-metbyl groups remained tmchanged. On distillation ot the reaction 

mixture, containing 2,5-dimethylthiasole, morpholine ~drochloride and tom-

aldehyde, a colourless viscous liquid wa8 eollected at 135-136° and 7 Dlll. 

Jreasure. Its dipicrate derivative was prepared and analyzed. The tree 

base was cha.racterized as 5-metb1'1-2-(aorpbolinoeteyl)-thiazole (CXXIlii). 

HC-N 

Il Il 
ŒlJ-C C-CH3 

'-..s/ 

/CH2C~ 
+ CH20 + HCl•HN 0 

\eRr-' 

(XIII) (CXXVII) 



The Mannich product of 21 ,5-dimetbylthiasole (XIII), forma.l.dehyde 

and piperidine hydrochloride ( CXXIX) is 5-methy"l-2-(piper1dinoethyl)-thia-

zo1e (CIXXIV), a h1gh boiling, co1our1ess, viscous and unstab1e liquid. 

The yield of the product depended mainly on the temperature at which the 

reaction had been carried out and to a 1esser extent on the reaction time 

and the ratio of the starting materia.ls. 

(XIII) 

Several attempts were made to obta.in the Mannich bases of ~ and 

5-methylthiazole. The se efforts were ld. thout exception unsuccess.ful.. A 

mixture of ~thy1thiazo1e, for.ma.ldehyde and morpholine nydrochloride was 

heated at 85-90• for six hours. Atter ter.mination of the reaction the 

mixture was neutralized and subsequently extracted. Distillation of the 

ethereal extract yie1ded l g. of bis-morpholinemethy1ene; m. p. 150-151• 1 

a known compound 'Which could be identified by mixed meltirlg point deter-

mination. The 4-methy1thiaso1e could be recovered from the llixture of 
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the attempted comensation with formalde~e and p:l.peridine lzydrocbloride. 

The Mannich condensation of ~ethy1thiazole was only attanpted onee due to 

the dif'ficulty of the preparation of this thiaso1e derivative. This attempt 

ld.th form.al.dehyde and morpholine bydrochloride gave a negative result. 

The condensation of 2,4-dimetny1thiazole with for.maldehyde and 

dimethylani.ne hydrochloride was carried out by using equimolecular quantit-

ies of starting material.s. 'l'he reaction tEmperature was 50-6o• in one case 

and S0-90• in the second case. At the higher temperature a compound was 



formed which was extracted with ether, dried over anhydrous sodium sulphate 

and distilled. 1.2 g. ot a viscous, colourless liquid was obtained which 

decoaposed within a few minutes on standing at roan temperature. Witb picric 

acid, a yellow oil was formed rather than a crystalline product. The comp-

ound eould not be analyzed and thus identification was ilapossible. 



EXmRIMENTAL 

General Procedure 

starting materials 

2-Methylthiazole, 4-methyltbiazole, 5-metbylthiazole, 2,L,.-dimeth-

ylthiazole, 21 5-di:metbylthiazole, diphenic anhydride and naphthalic anhy-

dride were prepared and puritied in the laboratory. Phthalic anhydride and 

a part o.r the naphthalic anhydride were obtained .rrom. the Fisher Scientitic 

Co., while the pyromellitic acid, .trom which the dianhydride was prepared in 

this laboratory, was supplied by E.I. Du Pont de Nemours and Co. Inc. The 

hydroehlorides of morpholine, piperidine and dimethylamine were prepared by 

the neutralization of amines with hydrochloric acid in an evaporating dish, 

wbich was cooled in ice water. The dilute acid was added gradual.ly with 

stirring until the solution becsme faintly acidio to litaus. The solution 

was evaporated slowly over a low flane nearly to dryness. The solid amine 

hydrochloride was recrystallized from absolute methanol and dried in a 

vaculllll dessicator over anhydrous calcium chloride. 

Purification o.t Reaction Producte 

The producta of condensation reactions of the various methylthia-

zoles and aromatic aeid anhydrides were puritied as follows. In order to 

eliminate the unchanged thiazole derivative, the reaction mixture was 

washed either with dilute acetic acid or w.i. th one per cent hydrochloric 

acid. 'l'ben the mixture was .filtered, washed thoroughly with tepid water 

and reerystal..lized several times from an appropriate solvant. The crystall-

ine product was dried in vacuo over phosphorus pentoxide prior to analysis. 
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The substances resulting from the Mannich condensation reactions 

were liquide. Af'ter com.pleting the condensations the reaction mixtures 
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bad to be made alkal.ine in order to convert the amine salt to the free base. 

To acccmplish this, an excess of 20% aqueous solution of potassium carbonate 

was used. The al.kaline solution was extracted ld.th several. portions of 

ether and the cœnbined extracts were dried over anhydrous sodium sul.phate 

overnight. The solvent, along with the law boiling unreacted starting 

materials, was evaporated under reduced pressure. The residue was trans-

ferred to a 25 ml. pear-shaped Cl.aisen fiallk equipped ld.th a short but 

effective column. For repeated clistillatione a l!llllall special.ly-construct.ed 

di.stilling apparatus was used. All distillations vere carried out under 

reduced pressure with the aid of a Cenco High Vae pump. 

The weights and melting points of the crystal.line products were 

dete:rmined only atter drying the sanples at suitable temperatures - unless 

otherwise indicated - using chem.ical drying agents. Moleeular weights were 

dete:nni.ned by the Rast camphor method. Carbon, hydrogen and nitrogen anal.-

yees were performed by Schwarzkopf Microanal.ytical Laboratories, Woodeide, 

New York. 

It is necessar.y to mention the physiological activity which ~s 

observed durlng the preparation of metbylthiazoles. The majority are skin-

irritating, 2-methylthia.zole having the strongest effect. A few hours 

alter performing the distillation of the 2-methylthiazole, reddening of 

the bands, where contact had occurred, was observed. This reddening was 

follawed by blistering and later by peeling of the atfeeted areas. Theae 

red spots on the skin, similar to deep bums, vere very paintul and reaained 

for several weeks before disappearing. 



Preparation of Thiazole (III) 

Thiazole was prepared in a pure state 1 for determination of intra-

red absorption speetrum, by diazotizing 2-aminotbiazole and by boiling the 

produet with al.cohol. The method described by Popp ( 7) was modif'ied as 

follows. A cold mixture of !1) g. of 2-am.inothiazole, 250 g. of concentrated 

sulphuric acid and 50 ml. of water was saturated w.l.th dinitrogen trioxide 

(N2o3 ) • The excess dini trogen trioxide was expelled by bubbling air through 

the mixture. Al cobol was added and the solution boiled for an hour. After 

evaporating the alcohol and destroying ethylsu.l.phuric aeid, formed during 

the reaction, the mixture was filtered, the da.rk brown filtrat& was made 

slightly al.kaline w:i. th sodium carbonate and distilled. The distilla te was 

made alkal.ine w.l. th solid sodium bydroxide and the thiasole which separated 

was extracted wi th ether. The ethereal extract was dried over solid pot-

assit1D1 hydroxide and distilled. Sixteen g. of thiazole 1 boiling at 116.8° 

was collected. The yield was 38 per cent of theoretical. 

Preparation of 2~ethylthiazole (V) 

A mixture of 20 g. of thioacetamide and 26 g. ot chloroacetal.de-

hyde-hydrate was added to a mixture of 40 ml. of glacial acetie acid and 20 

ml. of benzene. 'lbi.s mixture was heated on a water bath for 30 minutes. 

When the reaction started it was necessary to cool the mixture in a water 

bath. The solvents and unreacted chloroacetal.deeyde were distilled ott 

und.er reduced pttessure. The residue, a brown viscous liquid was diluted 

with SO ml. of water and neutralized with solid sodiUI1 carbonate. The 

2-methylthiazole was stean distilled. The distillate was saturated w.i.th 
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potasfllum carbonate and extracted w.l..th ether several times. The fraction 

boiling between 120-130• was collected1 13.2 g. of 2~ethylthiazole was 

obtained corresponding to 50 per cent yield.. Be cause .turther purification 

vas necessary, the compound was redistilled and the fraction bolling bet-

ween 127-128° collected. 7.9 g. (29 .. 9 per cent) of pure 2-methylthiazole 

resulted. 

Preparation of 4-Methylthiazole (VII) 

A mixture of 13.5 g. of formam:ide, 13 .2 g. of phosphorus penta-

sulphide and 21.5 g. of chloroacetone was cooled in an ice-water bath for 

2-3 hours and then allowed to stand at room tEIII.perature for an additional 

2-3 hours. A violent reaction ensued and the mixture turned black. Atter 

retl.uxing on a water bath for about an hour, 100 ml. of water was added to 

the mixture, which was then made distinctly acidic. This acidified mixture 

was extracted wi.th ether and the ethereal. extract discarded. 

Sub eequen tly, the acidic solution wae made alkSline and steam-

distilled. The distillate was extracted with ether and redistilled. The 

fraction consiating of 4-methylthiazole, and boiling at 130-134• was coll-

ected. The yield was 11.2 g. (48.6 per cent). 

Preparation of ~ethylthiazole (X) 

To 200 ml. of absolute ether, 51.4 g. of thiofonumd.de and 51.4 g. 

of o(-bromopropional.dehyde was added. The ether was distilled off slowly and 

the residue neutralized wit·h 200 ml. o! 2N sodiœ bydrorlde. This neutral.-

ized mixture was extracted with ether. (iù.y 5.8 g. of 5-methylthiazole 
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(6.95 per cent) was obtained. The boiling temperature was 70-71• under 4l 

mm. pressure • 

Preparation of 214-Dimethyltbiazole (XI) 

Into a 500 ml. round-bottcmed f'laek, provided w.t th a renux 

condenser, was placed .200 ml. of dry benzene. A mixture of 75 g. (1.27 

mole) of acetanide and 50 g. of t:l.nely powdered phosphorus pentasulphide 

was prepared and transferred immediately to tœ fiask. Then 5 ml. of a 

mixture of 100 ml. (1.24 mole) of chloroacetone and 37.5 ml. of benzene 

was ad.ded. The reaction mixture was heated care.fully on a water bath and 

the chloroacetone-benzene mixture was gradually introdueed through the 

reflux condenser. The progress of the reaction was controlled by the 

amounts of chloroacetone ad.ded. As soon as the reaction had begun1 the 

mixture became a black oily liquid. Atter all the chloroaeetone had been 

added and reaction was no longer apparent, the mixture was ref'l.uxed on the 

water bath for a half hour. 

To the dalk mixture 187-190 ml. ot water was added with shaking. 

After .30 minutes the mixture was poured into a separatory f'unnel, and the 

reddish upper l~er containi.ng the benzene and other impurities was dis-

carded. The lower la;yer was made alkal.ine by the addition of 5N sodium 

hydroxide and the crude 2,4~etbylthiazole 1 which separated as a black 

upper layer was removed wi th ether. The aqueous lower layer was extracted 

several times wi th 30-40 ml. portions of ether. 
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The combined ethereal extracts were driad over anhydrous sodium 

sulphate and filtered. The ether was remOTed by distillation over a water 

bath and the residual oil fractionated at atmospheric pressure. The fraction 



boiling at 140-150• was collected and redistilled. The yield of 21 4-di-

metnylthiazole boiling at 142-145• was 33.86 per cent based on acetamide. 

Preparation of 2,5-Dimethylthiazole (XIII) 

This preparation differa from that given by Hubacher (21) in 
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that c{-bromopropional.dehyde was used instead of the lesa reactive o{-chlor-

opropionaldehyde. A mixture of 26.3 g. of o(-bromopropionaldehyde (0.192 

mole) and 20 g. thioacetamide (excess, 0.316 mole) was refluxed on a water 

bath for 15 minutes. The reaction was extre.mely violent, therefore the 

reaction mixture was cooled in a water bath prior to the refluxing. After 

15 minutes, about 50 ml. of 2N HCl was added to destroy the unreacted thio-

acetamide. After cooling, the mixture was made al.kal.ine w:l. th about 100-150 

ml. 2N sodium hydraxide and then steam-distilled. The thiazole derivative 

separated as a yellow oil. '!he compound was then extracted with ether, 

dried over solid potassiURI. bydroxide and distilled. The fraction between 

14S-152• was collected. Yield 8.7 g. (28.89 per cent of the theoretical.) • 

Preparation of 2-[-2-(4 Thiazoline)]-1,3-indandione (CXV) 

In a 100 ml. round-bottomed f'lask was pl.aced 4.95 g. of 2-methyl-

thiazole (0.05 mole) and 7.4 g. of phthal.ic anhydride (0.05 mole). This 

mixture was heated at 180-190• for about four hours. After cooling it gave 

a yellowish-brow.n cake, which bad the characteristic odour of 2-metbylthia-

zole. Af'ter washing the mixture twice w:tth 20 ml. of hot 1% bydrochloric 

acid the product weighed 2.3 g. which corresporided to a 20.01 per cent 

yield. A part of the crude product waa recrystallized from alcohol, and 



· another part from dioxane. M.p. 310-312•. 

Anal. Calcd. for C12E702NS : C, 62.87; H, 3.08; N, 6.11% 

Found: C, 62.67; H, 3.12; N, 6.05% 

Preparation of 2~-{4-Thiazoline )]-1,3-perinaphthindandione (CXVIII) 

A mixture of 9.9 g. of naphthalic anhydride (0.05 mole), 4.95 g. 

of 2-methylthiazole (0.05 mole) and 5.1 g. of freehl.y fused and pl].verized 

zinc chloride (0.0375 mole) was heated at 240-250•. Af'ter ten hours a 
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dark brown brittle eake was obta.ined. This product was washed ld.th 1 per 

cent, hot hydrochloric acid, filtered, waehed with vater, dissolved in 25 

per cent hot hydrochloric acid and filtered through a sintered glass tunnel. 

To the filtrate was added dilute sodium hydroxide solution to neutralize 

bydrochloric acid. The condensation product was filtered off and recryst-

allized from a mixture of glacial acetic acid and water. The com.pound was 

dissolved in hot glacial acetic acid and while the mixture vas kept boiling 

water was added dropwise until turbidity appeared. On standing for a few 

hours, a dark: ;yellow compound crystallized. The yield was 1.5 g. (10.75 

percent of the theoretical). M.p. 241-242•. 

Anal. Ca.lcd. for C16H9Û2NS : N, 5.01%. 

Found: 

Preparation of 2 L4-Methyl-2 (4-thiazoline )] -1,3 indandione ( CXIX) 

Into a 100 ml. round.-botto:m.ed nallk, equipped ldth a reflux con-

denser was placed 5.65 g. (0.05 mole) of 2.~et~lthiazole and 7.4 g. 

(0.05 mole) of phtha.lic anhydride. The mixture was heated at 181-188• for 
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for four hours. A dark yellow cake was obtained on cooling. A.fter washing 

with 1% HCl, the prcxiuct was recrystallized from ethyl alcohol. Bright 

yellow crystals were obtai.ned, wh.ich under the microscope appeared to be 

cubic. The yield was 3.3 g. (27 .16 per cent of theoretical); m.p. 255.5-

256•. Molecular weight: theoretical. 243.27, fowxl 255.6. Molecu.lar weight 

determination showed th at only one methyl group had reacted w.i. th the anhy-

dride. 

The reaction described above was rereated using two moles of phth-

alic anhydride to one mole of 2,4-di:œthylthiazole. A mixture of 5.65 g. 

of 214-dilœthylthiazole md 14.8 g. of J:bthal.ic anhydride was heated at 

181-188• for four hours. The product obtained was found to be identical w.1. th 

the product described above. 

The reaction was carried out in a sealed tube. Ag ain onl.y one 

methyl group reacted wi th the anhydride. The yield was considerably higher 

than pre'Viously: 46.59 per cent of the theoretical. 

The reaction was repeated in the presence ot zinc chloride catal-

yst both in a sealed tube and at atmosJ:beric pressure. In both cases the 

reaction product described above was isolated. 

Anal. Calcd. for C}JH902NS : C, 64.19; H, 3.73; N, 5.76% 

Found C, 64.36; H, 3.56; N, 5.?1% 

Preparation of 2-[4-methyl-2-(4--thiazoline )]-

1,3-perinaphthindandione (CXXII) 

a). A mixture of 5.65 g. of 2,4-dimethylthiazole (0.05 mole), 9.9 

g. ot naphthalic anhydride (0.05 mole) and 5.1 g. of zinc chlaride (0.037 mole) 



was heated to 220-240• in a molar ratio 1:1:0.75. The mixture wu kept at 

this temperature for ten hours. A dark brown eake waa obtained., 'Which was 

pcwdered and washed w.l.th 1% HCl, filtered and waehed again w.l.th water. The 

crude produet ao obtained was dissolved in 75 ml. of 25% hot hyùrochloric 
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acid filtered and the .filtrate dUuted ldth 200 ml. of water. The hydrochlor-

ide was thereby hydrolyzed to the free compound. Then the yellowish-bro'Wll 

pred.pitate was !Utered., dried and recrystal.lized from a dio.xane-water 

mixture. Two 8lld a half' grams or the product was obtained (17.2 per eent 

of the theoretieal). M.p. 216-217°. Molecular weight., theoretical: 293.32; 

f'ound 289.4. 

Anal. Caled. for C17Hr102NS : C, 69.59; H, 3.78; N, 4.77% 

Found: C, 69.59; H, 3.77; N, 4.6Q%. 

b). A mixture of 5.6 g. of 214-dimethylthiazole (0.05 mole), 9.9 

g. of naphthalic anhydride (0.05 mole) and 3.4 g. of zinc chlaride (0.025 

mole) was heated in a seal.ed tube at 220-240• for ten hours. 1he solidified 

brittle black mixture was powdered, washed with one per cent hydroehloric 

acid, f'iltered am washed again with water. The crude product was thendiss-

olved in 25 per cent hot hydrochloric acid and fi.ltered. To the f'iltrate 

was added 190 ml. of' water. The precipitate was collected on a Buchner 

fmnel and recrystallized from a dioxane-water mixture. The Nb stance 

melted at 216-217°. The yield of (CXXII) was 3.2 g.; 22.15 per cent of the 

theoretical. 

The yield was lowered when the amount of' zinc chloride was leas 

than in the previous experiment. When the ratio of 2-methylthiazole: 

naphthalic anhydride:zinc chloride was 1:1:0.5, the yield obtained was 7 



per cent of the theoretical. 

Preparation of 2-[5-methyl-2-(4-thiazoline}]-1,3-indandione (CXXIII) 

A mixture of 2.8 g. of 2,5-diœetnylthiazole (0.025 mole} and 3.7 

g. of phthalic anhydride (0.025 mole) was heated in a wax bath to 100-190• • 

.After four hours heating a crystalline maas was obtained. The product wu 

washed with 20 ml. of one per cent hydrochloric acid, filtered and washed 

several times 'Wi. tb hot di stilled water, dried and weighed. The yield of the 

crude product was 1.83 g., 30.58 per cent of the theoretical. The compound 

can be recrystallized either from alcohol, yielding bright yellow needles, 

or from acetic acid, yielding bright yellow palettes. M. p. 288-289•. 

The reaction was repeated by using two moles o! phthalic anhydride 

to one mole of 2,.5-methylthi.azole. The product obtai.ned was found to be 

identical (by melting point and mixed melting point detenni.nation} ldth the 

product described above. The yield was unchanged. Treatm:mt of the product 

with sodium ethoxide reeults in a deep red crystalline eodium salt. 

Anal. Calcd. !or C13H9'>~S: N, 5. 76%; 

Found: N, 5.85%. 

Preparation of 2-(5-metnyl-2-(4-thiazoline)J-

1,3-perinaphthindandione (CXXIV) 

a). The naphthalie anhydride supplied by Fisher Scientific Co. waa 

reccystallized from cmcentrated nitric acid (sp. gr. 1.4) prior to carrying 
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out the reaction. In a 100 ml. round-bottomed flask was placed 11.3 g. of 

freshly-distilled 2,5-dimethylthiazole (0.1 mole), 19.8 g. of naphthalic 

anhydride and 10.2 g. (0.075 mole) of freshly-fused and finely pulverized 

zinc chloride. The mixture wae kept at 220-240° for ten hours. After 

cooli~ the dark brown brittle cake was pawdered, washed with dilute (one 

~r cent) hot hydrochloric acid, filtered, washed wi th distilled water and 

dried. The crude product was recrystallized several times from a glacial 

acetic acid and water mixture and 8.7 g. of (CXXIV) was obtained which corr-

esponds to 29.69 per cent of the theoretical. Mel ting point 302-303°. 

Anal. Calcd. for C17H1102NS: N, 4.77% 

Found: · N, 4.65%. 

b). The reaction was repeated using two moles of naphthalic anhy-

dride to one mole of 2,5-dimethylthiazole and 0.75 mole of zinc chloride. 

The isolated substance had the same melting point as the product described 

above. A mixed melting point of the two was not depressed. The yield was 

the same. 

c). To 2.8 g. of 2 1 5-dimethylthiazole, 4.95 g. of naphthalic 

anhydride and 1. 7 g. of zinc chloride was added. The ratio of the re agents 

wae 1:1:0.5 respectively. The mixture was heated in a wax bath at 220-240° 

for ten hours and was subjected to the purification process as described 

above. Recrystallization yielded 2.4 g. of (CXXIV) (32.7 per cent of the 

theoretical). 

d). In another attempt, the ratio of the reactants was 1:1:1. The 

reaction time and temperature were not changed. Starting with 2.8 g. of 



2,5-dimethylthiazole, 4.95 g. of naphthalic anhydride ani 3.4 g. of zinc 

chloride, the mixture yielded 2.1 g. of crude (CXXIV) oorresponding to 

28.67 }:Sr cent of the theoretical. 

Preparation of 2-(3,4-di.methyl-2-(4-thiazoline )J-
1,3-indandione ( CXX) 
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To a solution of diazanethane in ether prepared. from 20.6 g. of 

nitrosanetbylurea, was added 4 • .3086 g. of 2- 4-methyl-2-(1.,-thiazoline) -1.3-

indandione (CXIX). Gas eTolution started instantly. The reaction was allowed 

to proceed at room temperature for 4D hours 'Wi th oc casional. shaking. The 

metbylated yellow insoluble product after filtration and drying weighed 

2.888 g. (63.22 per cent of the tbeoretical) and melted at 168-170•. After 

two recrystal.lizations from water the me1ting point was ra:ised to 170-171•. 

Anal. Calcd. for CJ.4H1102NS: N, 5.44%, 

Found: N, 5.25%. 

Attempted o.xidative degradation of 

2- [3 ,4-dime thyl-2-(4-thiazoline ~1,3-indandione ( CXX) 

In a 100 ml. round-bottomed f1ask was p1aced 0.5408 g. of (CXX) 

and 70 ml. of di1ute nitric acid (1 part of concentrated nitric acid to two 

parts of water). The mixture was heated on a stean bath until the compound 

diseolved. Extracting with ether, a pale yellow crystal.line 5Ubstance waa 

obtained which was purified and identified as phthalic acid. The acidic 
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solution was made alkal.ine wi th solid sodium hydroxide and was then extracted 

with ether. The ether was evaporated and an anorphous greasy compound waa 

obtained. Attempts to purify this substance, or to prepare its 2,4-d:i.nitro-

phenylhydrazone derivative failed. Recrystal.lization was attempted from 

ether, water, al.cohol, chloroform and benzene. 

Attempt to condense 2,4-dimethylthiazole with diphenic anhydride 

In the first attempt, 5.65 g. of 2,4-dimethylthiazole (0.05 mole) 

and ll.21 g. of diphenic anhydride (0.05 mole) were melted together and 

kept at 204-208° for four hours. A da.rk brown, viscous SEIIlisolid mixture 

was obtained from which no crysta.lline product coul.d. be isolated. In the 

secom attempt 0.7 g. of 2,4-dimethylthiazole (0.00625 mole), 1.4 g. of 

diphenic anhydride (0.00625 mole) and 0.2125 g. of freshly fused and finely 

pulverized zinc chloride (0.00156 mole) were heated at 215-222° for four 

hours. (Molar ratio; 1:1:0.25). In a series of reactions "Which were carried 

out, the molar ratios were as follows, 2,4-dimethylthiazole:diphenic anhydride: 

zinc chloride • 1:1:0.5, 1:1:0.75, 1:1:0.1, 1:1:0.3. The reaction time was 

varied between four and twelve hours. Reactions were also attem.pted in a 

sealed tube. In one instance a few mg. of hydroquinone was added to the 

reaction nrlxture to prevent pol.ymerization. No product was isolated in 

these attempts. 



Attempt;ed condensation of 2-methylthiazole with diphenic anhydride 

Attem:pt s fai.led to fo:rm a reaction product wh en a mixture, which 

contained 0.1 equim.olecular amounts of 2-methylthiazole and diphenic anhy-

dride and various anounts of zinc chloride, was heated at 200-210• for 

several. hours. 

Attempt to condense 4-methylthiazole wi.th phthal.ic anhydride 

A mixture of 2.5 g. of 4~ethylthiazole (0.025 mole) and 3.7 g. 

7S. 

of phthalic anhydride (0.025 mole) waa heated at 180-190• for four hours. A1l 

attempt s to isola te a reaction product from the cooled mixture proved unsucc-

ess.f\11. Quantitative anounts of ~methylthiazo1e were recovered. 

The experiment was modified by a.d.ding zinc chloride catal.yst to 

the mixture but no condensation product could be isolated. 

Attempted reaction of 4-methylthiazole with naphthalic anhydride 

No reaction took place when a mixture of 2.5 g. of ~methylthiazole 

(0.025 mole), 4.95 g. of naphthalic anhydride (0.025 mole) and 1.7 g. of 

anhydrous zinc chloride was heated to 195-215° for 10 hours. Both the ~meth

ylthiazole and the naphthalic anhydride were recovered entirely. 



Attempted condensation of 5-metbylthiazole ~th phthalic anhydride 

Similarly to the attempt wi th ~methylthiazole, an experiment was 

rer.tormad w.i th .5-mcthylthiazole and phthal.ic a.nhydride but it also .tailed to 

yield ~ reaction product. 

The experiment was repeated at higher temperaturee and with the 

reaction time extended from four to six and eight hours but both attempts 

were unsuccess.tul. 

Attempted condensation of ,5-methylthiazole with naphthal.ic anhydride 

Similar attempts were made with 5-methylthiazole and naphthalic 

anhydride. Zinc chloride catalyst was used but the. se experimente al.so 

failed to yield any reaction product. ~etnylthiazole could not be 

recovered. 

Attempted coniensation of 2,4-dimethylthiazole 

and pyromellitic dianeydrid.e 

No apparent reaction took place w.hen 2,4-dimethylthiazole and 

pyromellitic dianhydride were mixed in 2:1 ratio and were heated at 180-

1900 for several hours. The experiment was repeated wi th the application 

of higher temrerature and the extension of reaction time to six and eight 

hours, and also in the presence of zinc ch1oride catalyst. Ail attempts 

to form a crystalline condensation product were unsuccessful. 
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II. The Mannich Condensations 

Preparation of 2-(Morpholinoethyl}-thi.azole (CXXVIII) 

a). To a solution of 12.3 g. of morpholine hydrochloride in 10 ml. of 

water, 9.9 g. of 2-methylthiazole was added. The mixture was stirred at 

85-90° for forty-five minutes while 8.5 g. of 37 per cent formaldehyde was 

introduced dropwise. Heating and stirring were continued for 2 additional 

hours. The reaction mixture turned light bro'Wll; it was cooled, the hydro-

chloric aeid neutralized wi th 20 per cent potassium carbonate solution and 

extracted with ether. The ethereal. extract was dried over anbydrous sodium 

sulphate and the ether evaporated at reduced pressure. The product, 1.6 g. 

of a colourless viscous liquid, was collected at 79-81° and 3 m.. pressure. 

The yield was 7.1 per cent of the theoretical. The compound decomposed in 

a few hours on standing at roan temperature. For the purpose of character-

ization the substance was converted to its dipicrate in ethanol. The 

dipicrate was obtained as yellow needles after two recrystal.lizations from 

ethanol; m.p. 151-152.5°. 

Anal. Calcd. for C21 Ha>ÛJ. 5NgS: N, 17.14% 

Fourxl: 

The free compound was characterized as 2-(morpholinoethyl)-thiazole (CXXVIII). 

b). A mixture of 24.6 g. of morpholine hydrochloride dissolved in 

20 ml. of water and 9.9 g. of 2-methylthiazole was stirred at 85-90•. To 

this mixture 17 g. of 37 per cent form.aldehyde was added dropwise over a 

period of 45 minutes. The heating and stirring were continued for two and 
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a ha.lf additional. hours. After cooling, the mixture was neutralized w.i.th a 

20 per cent solution of potassium carbonate and extracted wi. th several 

portions of ether. The collected ethereal extracts were dried over anhydrous 

sodium eulphate and the ether evaporated at reduced pressure. The residue 

yielded 1.5 g. (6.5 per cent of the thearetieal) of 2-(morpholinoethyl)-thia-

zole (CXXVIII). 

c). In a 100 ml. round-bottomed flask equipped wi. th a mechanieal 

stirrer, reflux condenser, dropping .iùnnel and a thermoJœter, vas placed 

a mixture of 12.3 g. of morpholine hydrocJ:ù.oride in 10 ml. water and 9.9 g. 

of 2-methylthiazole. The mixture was heated and stirred at 85-90° for 45 

minutes while 8.5 g. of 37 per cent formaldehyde was added dropwise. Heat-

ing and stirring were continued for four and a quart-er addi tional hours. The 

reaction mixture turned very dark brown and a tar-like materlal settled to 

the bottom of the flask. Af'ter neutralization, extraction with ether and 

evaporation of the ether, the residue did not yield any product. This shows 

that prolonged heating causes decanposition of the product. 

Preparation of 2-(piperidinoethyl)-thiazole (CXXX) 

a). Nine and nine-tenths grams of 2-methylthiazole and 12.1 g. of 

pi.peridine hydrochloride dissolved in a:> ml. of water, cantained in a 100 

ml. three-necked. tl.ask provided wi. th a therm.ometer, mechanical stirrer and 

dropping funnel were heated to 50-60• on a water bath. Eight and five 

tenths grams of 37 per cent formaldehyde was added dropwise to the mixture 



during the first thirty minutes. The mixture was stirred at the same 

temperature for five and a half additional hours. Then the mixture was 

eooled, mad.e alkaline wi th 20 per cent potassium carbonate, extracted 

with several portions of ether and dried over anhydrous sodium sulphate. 

After evaporating the ether at reduced pressure, the residue yielded 3.4 g. 

(17.35 per cent of the theoretical) of a viscous, colourless liquid boiling 

at 115-119• and 4 mm. pressure. The liquid decomposed rapidly on standing 

at roaa. temperature. The di picrate tormed readily in ethanol solution and 

recrystallization from ethanol yielded bright yellow needles; m.p. 152-153•. 

On the basie of the analytical data obtained for the dipicrate the product 

was identified as 2-(piperidinoetbyl)-thiazole. 

Anal • Cal cd. for C22H220:J.4N8S: N, 17 .ll% 

Found: N, 17.18% and 17.25%. 

A white crystalline derivative was prepared with mercuric chloride. This 

substance decomposed readily and the melting point could not be detennined. 
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b). A mixture of 9.9 g. of 2-methylthiazole and 12.1 g. of piperi-

dine hydrochloride was stirred at 80-86°. To the mixture, 8.5 g. of aqueous 

formaldehyde (37 per cent) was added dropwise within 30 minutes. The reaction 

was ccmtinued for two additional hours. At the completion of the reaction 

t:ima, the reddish-brown reaction mixture was cooled, made alkaline with 20 

per cent potassium carbonate solution, extracted wi th ether and the ethereal. 

extract dried over anhydrous sodium sulphate. The ether was evaporated at 

reduced pressure and the residue yielded 3.9 g. of a colourless viscous 

liquid; b.p. 114-121• at 4 nm. pressure. The yield was 19.9 per cent of the 

theoretical. 



Preparation of 4-methyl-2-(morpholinoethyl)-thiazole ( CXXXI) 

a) • In a 100 ml. flask was placed a mixture of il. 3 g. ( 0 .1 mole) 

of 2,4-d:i.methylthiazole and 12.4 g. of morpholine hydrochloride (0.1 mole) 

dissolved in 20 ml. of water. The mixture was heated on a water bath to 

90-95• with vigorous stirring while 8.3 g. of 37 per cent formaldehyde 

(0.1 mole) was added from the dropping funnel over a period of one and a 

hal! to two hours. After the addition of fomaldehyde, heating and stirr-

ing were continued for four additional hours. The reaction mixture waa 

then cooled, the hydrochloride neutralized with 20 per cent potassium 

carbonate and the solution extracted w.i th several portions of ether. The 

collected ethereal extracts were dried over anhydrous sodium. sulphate and 

the ether evaporated at reduced pressure. Distillation of the residue 

yielded 3.6 g. (16.97 per cent of the theoretical) of a viscous colourless 

liquid; b.p. 134-137• at 4 mm. pressure. The dipicrate was prepared in 

ethanol solution and recrystallization from ethanol yi.elded dark-yellow 

needles; m. p. 137-139•. The dipicrate was analyzed and the condensation 

product characterized as 4-methyl-2-(morpholinoethyl)-thiazole. 

Anal. Calcd. for C22H22ÛJ.;N8S: N, 16.7S% 

Found: 

b). A mixture of ll.3 g. of 2,4-dimethyltbiazole (0.1 mole) and 

24.7 g. of mor}iloline byd.rocbloride (0.2 mole) was heated to 85-90•. Six-

teen and six tenths sor 3'J per cent formaldehyde was added dropwise while 

stirring vigorously. After two hours heating and stirring the reddish-

brown reaction mixture was cooled, made alkaline w:i.. th 20 per cent aqueous 
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potassiUil carbonate a.rxl extracted wi th ether. The ethe real extract was 

dried over anhydrous sodium su1phate and the ether evaporated at reduced 

pressure. 2,4-Dimethy1thiazo1e distilled over at 26-29• and 4 mm. 

pressure and 6.5 g. of it was collected. This anoWlt corresponds to 57.52 

per cent of the starting quantity. The residue yie1ded 2.3 g. of 4-metby1-

2-(morpholinoetby1)-thiazo1e, 10.S4 per cent of the theoretica1. 

Preparation of 4--methy1-2-(piperidinoetby1)-thiazole (CXXXII) 

a). The reaction was carried out by introducing 16.6 g. of 37 

rer cent formaldehyde into a mixture of 11.3 g. of 21 4-dimethy1thiazo1e 

and 24.6 g. of piperidine hydrochl.oride disso1ved in 20 ml. of water. The 

ratio of 2,4-dimethy1thiazo1e:piperidine hydrochloride:formaldehyde was 

1:2:2. The mixture was kept at 50-60• and stirred. After 6 hours the mix-

ture was coo1ed, neutralized w.i. th 2) per cent potassiWil carbonate., e.xtracted 

with ether and the extract dried over anhydrous sodium sulphate. '!he ether 

was evaporated and the residue yielded 1.6 g. of a viscous water-clear 

liquid; b.p. 96-9S0 at 5 mn. pressure. The yie1d was 7.6 per cent of the 

theoretical. The compound showed signs of decanposition on standing at 

room temperature for about an hour. The dipicrate, m.p. 150-152°1 was 

prepared and analyzed. On the basis of the analytical data, the free base 

was characterized as 4~ethy1-2-(piperidinoetby1)-thiazo1e 

Anal. Calcd. for C23H240:L4NgS: N, 16.S3% 

Found: N, 16.91%. 



b). In a 100 ml. round-bottomed fiask equipped w.ith a mechanical 

stirrer, reflux condenser and thermometer, wa.s placed 24.6 g. of piperidine 

hydrochloride dissolved in 20 ml. of water, ll.3 g. of 2,4-dimethylthiazole 

and 16.6 g. of 37 per cent formaldehyde. The reaction mixture was stirred 

weil at 80-90• for 2 hours and then cooled, made alkaline w.i. th 20 per cent 

potassium carbonate solution and extracted with five 20 ml. portions of 

ether. The combined ethere al e.xtracts were dried over anhydrous sodium 

sulphate. After evaporating the ether at reduced pressure, the residue 

yielded 4.2 g. of 4-methyl-2-(piperidinoethyl)-thiazole, 20 per cent of the 

theoretical.. 

c). The reaction was repeated by usi.ng the same anounts of react-

ants as in the previous two experimenta. The reaction mixture was stirred 

at 95-100• for two hours. The resulting dark-brown colour indicated that 

polymerization had occurred. After neutralization, extraction of the 

solution and evaporation of the ether extract, distillation of the residue 

did not yield any condensation product. 

d). Piperidine hydrochloride (12.2 g., o.l mole), 2,4-dimethyl-

thiazole (ll.3 g., 0.1 mole) and 8.3 g. of 37 per cent fom.aldehyde were 

mixed together in a 100 ml. flask. The mixture was stirred at reflux 

tem:p3rature for forty-five minutes and became very dari<:. Pol.ymerization 

occurred. No condensation product was obtained. 
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Preparation of 5-methyl-2-(morpholinoetnyl)-tbiazole (CXXXIII) 

a). A mixture of 11.3 g. of 2,5-dimethylthiazole and 12.3 g. of 

morpholine hydrochloride dissolved in 15 ml. of water was stirred at 50-60• 

for six hours. To this mixture, B.5 g. of 37 per cent formaldebyde was 

added dropwiee during the first ho.ur.. (The ratio of the reactants; 1:1:1). 

At the end of the reaction time allawed, the reddish-bro'W!l coloured mixture 

was cooled and made slightly alkaline wi th a> per cent potassium carbonate 

solution. Extraction wi th ether was followed by drying over anhydrous 

sodium sulphate and evaporation of the ether under reduced pressure. A 

vis cous, water-clear liquid was obtained by distilling the residue at 135-

136• and 7 mm. pressure. The yield was 2.2 g., 10.37 per cent of the theor-

etical. The compound showed signa of decomposition {reddish-brown colour) 

on standing at room temperature for 30 minutes. The dipicrate derivative 

was prepared from ethanol and recrystallized from ethanol; m.p. 147-149•. 

The free Mannich base was characterized as 5-methyl-2-{morpholinoethyl)-

thiazole on the basis of the analytical data obtained for its di picrate. 

Anal. Calcd. for c22H22<1_5NgS: N, 16.7 % 

Found: N, 16.55%. 

b). Into a 100 ml. three-necked, round-bottomed fiask waa intro-

duced 11.3 g. of 21 5-dimethylthiazole (0.1 mole) and 12.3 g. of morpholine 

hydrochloride (0.1 mole) diseo1ved in 15 ml. of water. The mixture was 

stirred at 00-90• while B.5 g. of 37 per cent formaldehyde (0.1 mole) was 

added dropwi.se over a period of one hour. The heating and stirring were 



continued for an additional two and a half hours. The cooled reaction 

mixture was made al.kaline wi.th .20 per cent potassium carbonate ard extr-

acted wi th etœr. The ether solution was dried over anhydrous sodium 

sulphate and distilled under reduced pressure. 1.6 g. of 5-methyl-2-

(morpholinoethyl)-thiazole was collected at 135-136• and 7 DDilo pressure. 

The yie1d was 7.54 per cent of the theoretical. 

c). The reaction was repeated as fo1lows. A mixture of 9.4 g. 

of 21 5-dimethy1thiazo1e and 10.2 g. of morpholine hydrochloride (no water) 

was stirred at 80-90• and 7.1 g. ot 37 per cent formaldehyde was added 

dropwise over a period of 15 minutes. The reaction was oontinued tor an 

additiona1 .30 minutes. The resulting reddish-brawn mixture was treated 

as described in the previous experimente. Distillation yielded 1.6 g. ot 

5-methyl-2-(morpholinoethyl)-thiazo1e, correspond.ing to 9.06 per cent ot 

the theoretical. 

Preparation of 5-methyl-2-(piperidinoethyl)-thiazole (CXXXIV) 

87. 

a). A mixture of 11.3 g. ot 21 5-dimet.hylthiazole (0.1 mole) and 

12.1 g. ot piperidine hydrochloride (0.1 mol e) dissolved in a:> ml. of water 

was œated and stirred at 50-60• and 8.5 g. of 37 per cent fonnaldehyde was 

added droptise over a period of one hour. Heating and stirring were contin-

ued for an additional 5 hours. The ensuing procedure was similar to that 

described previously. After evaporating the ether under reduced pressure, 



the residue yielded 3.2 g. (15.2 per cent) of an oily co1our1ess liquid; 

b.p. 128-131• at 4 mm. pressure. Signa of decomposition appeared on 

standing at room temperature for .30 minutes. The di picrate formed in 

ethanol. Recrystal1ization from. ethanol yielded bright yellow needles; 

m.p. 138-139°. The base was characterized as 5-methyl-2-(piperidinoeth;yl)-

thiazole. 

Anal. Calcd. for c23H24~4N8S: 

Found: 

N, 16.75% 

N, 16.63%. 

b). To a vigorously-stirred mixture of 2.9 g. of 21 5-dimethyl-

thiazole and 3.2 g. of piperi.dine hydroch1oride dissolved in 5.3 ml. of 

water, 2.1 g. of 37 per cent !onnaldehyde was added dropwise over a period 

of 15 minutes. The ratio of the reactants was 1:1:1. During the addition 

of formaldehyde, and for an additional 15 minutes, the mixture was stirred 

and the temperature kept at 80-~0 • One gran of 5-methyl-2-(piperidino-

ethyl)-thiazole was obtai.ned. The yie1d was 18.55 per cent.. 
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c). In a 100 ml. three-neeked flask was placed 11.3 g. of 21 5-

dimethylthiazole (0.1 mole) and 24.2 g. of piperi.dine hydroch1oride (0.2 

mole). The mixture was kept at 80-90° whi1e 17 .o g. of 37 per cent form-

aldehyde (0.2 mole) was introduced over a per.i.od of ~ minutes. The heating 

ani stirri.ng were maintained for an additional hour. The mixture was sub-

jected to the neutralization, extraction and drying procedure• already 

described; distillation yielded 2. 7 g. of 5-metbyl-2-(piperidino-



ethyl)-thiazole (CIXX.IV) corresponding to 15.46 per cent yield. 

Attempted condensation of 2-methylthiazole 

wi. th fo nnal.dehyde and morpholine 

a). To a stirred mixture of 9.9 g. of 2-met.hylthiazole (0.1 

mole) and 8.7 g. of morpholine (0.1 mole), 8.5 g. of formaldehyde was added 

dropwise over a period of 30 minutes. The stirring was continued at room 

temperature for an additional !ive and a hal! hours. The mixture was then 

divided into two equal parts and the first ha.l.f was extracted with ether 

and dried over anhydrous sodium sulphate. The second hal! was extracted 

with chloroform and dr:l.ed over anhydrous potassium carbonate. The ether 

and chloroform. extracts were evaporated at reduced pressure. A clear liquid 

boiling at 35-36• and 12 mm. pressure was collected in both cases and was 

found to be the unchanged 2-methylthiazole. 

b) • The reaction was repeated using the same anount s of the re act-

ants but the temperatures in the consecutive reactions were as follows: 50-

60•, 70-et::J•, 90-95• and refiux temperature. No Mannich base was obtained 

sny case. 



Attempted Mannich condensation of 4-methylthiazole 

wi th formaldehyde and morpholine eydrochloride 

A mixture containing 9.9 g. of 4-methylthiazole (0.1 mole) and 

12.3 g. of morpholine hyd.rochloride (0.1 mole) dissolYed in 12 ml. of 

water was stirred at 85-90° while 8.5 g. of 37 per cent formaldehyd.e was 

added dropwise over a period of one hour. The stirring and heating were 

continued for an addi tional 5 hours. The distillation of the residue 

yielded 7.6 g. of 4-m.ethy1thiazo1e at 25-28• am 7 mm. pressure. Also 1 g. 

of a water-c1ear viscous liquid distilled over at 96-100• and 6-7 IIDil. 

pressure. The latter did not contain eul.phur and was identified by the 

me1ting point of its dipicrate (am al.so by mixed me1ting point) as bis-

morpholinœne thy1ene; m. p. 150-151 o. 

Attempted Mannich condensation of ~thy1thiazo1e 

with formaldehyde and piperidine eydrochloride 

.An equimo1ecular mixture of 4-methy1 thiazole, piperidine eydro-

chloride dissolved in a few ml. of water and form.aldebyde was heated and 

stirred at 80-90° for 6 hours. On distillation the 4-methy1thiazo1e was 

recovered a.lmost quantitative1y. 
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Attempted condensation of ~thylthiazole wi th formaldehyde 

and morpholine hydrochloride 

Similarly to the reactions described previously, ~etnylthiazole 

was allowed to react with f'orm.al.deeyde and morpholine bydrochloride d.iss-

olTed in water. The reaction ti.me was 6 hours and the temperature was 

mainta.ined at 80-90•. No reaction product was isolated on distillation. 

Attempted reaction of' 2,4-dimethylthiazole with formaldehyde 

and dimethylamine hydrodlloride 

a). A mixture of ll.3 g. of 2,4~tbylthiarole (0.1 mole) am 

e.2 g. of dimethylamine hydrochloride (0.1 mole) dissolved in 10 ml. of 

water was heated at 50-60• for 6 hours. Eight and a half grans (0.1 mole) 

of 37 per cent fonnaldebyde was added to the well-stirred mixture over a 

period of 45 minutes. No product was obtained after evaporation of' the 

ether. 
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b). The reaction was repeated using the sane amounts of reactants. 

The mixture was kept at 80-90• for 6 hours while vigorous stirring was 

applied. Distillation of the resid.ue yielded 1.2 g. of a viscous, water-

c1ear liquid; b.p. 100-104• at 5 nm. pressure. The reaction product 

decomposed readily. Darkening of the I!'oduct could be observed atter a 

few minutes standing at room temperature. A derivative wi th pi cric acid was 

tormed in ethanol, but turned to a sticky yellow oil on standing for a short 
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'While or when recrystallization was attempted. Nei ther the original product 

nor its derivative was stable enough for analysis. 

Attempt to condense 2,4-dtmethylthiazole 

with morpholinamethanol 

A mixture of 11.3 g. of 2,4-dimethylthiazole and 11.7 g. of 

morpholinœ.ethanol was stirred at 90-95° for one and a hal.f hours. Extract-

ion wi th ether and distillation of the extract did not yield any condensation 

products. 



Intrared spectra of metbyltbiazoles 

Randall, Fowler, Fusan and Dangl (lll) have neasured the inf'rared 

spectra of 2-mercapto-4, 5-dimethylthiazole (I), 2-aninothiazole (II), 

2-mercapto-4--phenylthiazole (III) and 2-amino-4-(p-biphenyl)thiazole (IV) 

in the range .3510-1200 an-1 • They found that for eaoh compound there are 

two bands arising by the absorption of infrared radiation by the thiazole 

ring: 

compound I •••• 6.16r- (162.3 an-1 ) and 6.76/ (1479 cm-1 ), 

compound II ••• 6.15f'(1626 cm-1) élld 6.60f (1515 cm-1), 

compound III • • • 6 • .37 l (1570 an-1) and 6. 70 f (1493 cm-1) 1 

compound IV ••• 6.12/(1634 an-1) and 6.50((15.3S an-1). 

The infrared spectra of several. N-acetylderivatives of 2-adno-

alkylthiazoles and sulphordc acid of 2-amino-4-metbylthiazole has been 

studied by Bogomolov, Sheinker and I.Ya. Postokovskll (112). 

We studied the inf'rared absorption spectra of thiazole, 2-methyl"j 

4-methyl-; 5-methyl-, 21 4-dimethyl-, and 2, 5-dimetbylthiazole of liquid 

samples and solutions in carbon disulphide. In the latter case, bands 

between 1400 and 1650 cm-1 were eliminated. The absorption bands of the se 

compounds can be classified as follows. 

a) The region 3110-3050 cm.-1 

Thia.zoles and methylthiazoles, like aromatic hydrocarbons, show 

C-H stretching vibrations in the infrared spectra between .3110 and .3050 

cm-1 • Liquid samples show bands of high intensity, but solutions in carbon 

disulphide produce relatively weaker bands. 

b) The region 2900-2S60 an-1 

93. 

These bands are gtven by methyl groups in asymmetric and symmetric 



vibrations. 

c) The region 2450-1775 an-1 shows a few bands in the spectrwn 

of thiazo1e and methy1thiazo1e. They are weak, but probab1y they could be 

stu:iied better in 1.0 an. cell. It is po8sib1e, that bands in this region 

arise from overtone and combina ti on tone vibrations. 

d) The region 1630-1400 an-1 

94. 

These bands can be assigned to ske1etal vibrations of the thiazo1e 

ring. They are simi1ar to the infrared bands ob served in the spectrum of 

aromati c hydrocarbans. 

e) The region 1445-1375 c:m-1 

The bands of this spectral reglon occur not only in the spectra ot 

methylthiazoles, but in the spectrum. of thiazole· as well. Usual1y, they 

arise by anti~etric and ~etric deformation vibration8 o! the methyl 

group C-CH3. However, Binee thiazole also shows a very strong band at 

1385 an-1 
1 we must asd.gn this band to ske1etal vibrations of the thiazole 

ring itself. 

f) The region 1320-1175 c:m-1 

Since the bands o! this region are present in the spectra of a1.1 

thiazo1es, they must be assigned to the vibrations of C=C arxi C=N boms of 

the thiazole ring. 

g) The region 1100-940 an -l 

The bands of this region are characteristic thiazole ring vibr-

ations. 

h) The low freauency (900-640 an-1) region 

The spectral bands of this region are produced by out of plane 

bending vibrations of the C-H groups of the thiazo1e ring. 



No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

No. 8 

No. 9 

List or the infrared spectra 

Tbiazole, liquid. 

Thiazole, in c~ solution. 

2-Methyl thiazole (.3800-1400 cm -l), liquid. 

2-Methylthiazole (1400-000 an-1 ), in C~ solution. 

4-Methyl thiazole, liquid. 

4-Methylthiazole, in CS2 solution. 

5-Metnylthiazole, liquid. 

2, 4-Dilœthylthiazole, liquid. 

2, 5-Dimethylthiazole, liquid. 

TABlE I 

Abbreviations: vs = very strong, 

s .. strong, 

m "'medium, 

w .. weak, 

vw = very weak. 

These symbole indicate the relative il'Itensities ot the sptctral 

bands. 
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TABIE I 

Infrared spectra of methy1thiazo1es 

Thiazole ~ethy1thiazo1e 4-Methy1thiazo1e ~ethy1thiazo1e 2,~Dimethy1thiazo1e 21 5-Dimethy1thiazo1e 

Liquid InC~ Liquid In C5:2 Liquid In c~ Liquid In c~ Li cp id In C5:2 Liquid In c~ 

a 
1 

30~ vs .3090 v• ~<;U va 3)90 s 3110 w ))~ m 3)90 m 3100 m 3110 vw 3050 m 3050 m ! 

2980 s 2980. 2970 2960 w 2960 s 2960 s 2970 m 2960 m 2960 m 
b 2940 vs 21375 2935 2935 m 2935 8 2937 vs 2937 m 2935 • 2935 s 

2820 2860 2860 w 2860 m 2865 • 2860 w 28'70 w 2860 m 
2750 w 2750 w 

c 2260 w 2260 vw 
1775 w 1765 vw 1775 w 1690 w 16<;U w 1690 vw 1680 vw 1680 w 
1615 m 1625 1630 w 1620 w 

d 1510 vs 1525 YS 1530 8 15.30 V8 1540 • 
1485 V8 1480 va 1485a 

1435 vs llt45 vs 1445 m llt45 llt45 vs 
• 1415 • 1415 vs 1405 

1385 vs 1380 vs 1375 m 1380 vs 1375 m 1385 8 1380 vs 1375 8 1375 w 1375 8 
1320 vs 132J vs 1310 m 1310 vs 1310 vs 1305 vw 1305 vw 1305 vs 1305 va 

1280 vw 1280 w 1290 m 
f 1240 YB 1240 vs 1225 vw 1220 vw 1240 8 1235 vs 1220 vw 

1210 m 
llOO vs ll75 1!1 1175 8 ll85 vs ll85 vs 1190 vs 1192 va 
1160 vs ll40 s lUO JI. ll40 va 1137 va 1160 TB 11€0 vs 

112) vs 112) 1!1 1107. 1110 va 
1040 vs 1040 s 1055 m 1035 m 1035 w 1030 vw 1035 m 1037 vw 1035 w 1035 'W 

g 1015 • 1015 w 
995m 995 vs 990 w 990 'W 990w 

965 s 960 8 960 8 
930 m 930 va 940 vs 940 m 

880 vs 875(sh) 875s 875 vs 875 vs 
860 vs 855 8 870 vs 860 8 

830 'W 830 vs 830 s 847 8 845s 833 vs 840 8 840 vs 
000 YS 780 805 8 005 YS 802 vs 785 s 780 v• 

765 vs 755 8 755 vs 
h 72!J vs 715 vs 710 vs 725 8 720 vs 720 va 72!J vs 

640 s 665w 665 8 665 8 640 s 640 

b 
V1 • 



2-(3,4-Dimetàv1-2-(4-thiazoline)]-1,3-indandione 

C=1o-4 

Wave1ength ·o.J· Optical density (A) Mo1ar Extinction 
mM.. Coefficient {F) 

242 1.61. 16,166 
246 1.44 J.A,434 
250 1.275 12,752 
254 1.12 11,155 
260 0.77 8,908 
264 0.55 5,555 
270 0.26 2,642 
274 0.19 1,981 
276 0,18 1,$71 
280 0.19 1,971 
2$4 0,21 2,112 
290 0.3.3 3,343 
294 0.41 4,114 
298 0.47 4,734 
~0 0.57 5,785 
.302 0.70 7,077 
.304 0.72 7,297 
.306 0.56 5,655 
308 0,38 .3,82S 
310 0.27 2,?12 
314 0.16 1,661. 
320 0.16 1,591 
324 0.18 1,861 
.326 0.20 2,060 
330 0.27 2,727 
334 0 • .37 3,773 
336 0.44 4,454 
.338 0.52 5,215 
.340 0,61 6,126 
342 0.70 7,097 
344 o.81 8,188 
.346 0.93 9,399 
348 1.07 10,800 
350 1.22 12,242 
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2-(4-Metqy1-2-(4-thiazoline)J-1.3-indandione 

Wave1ength ( ).J Optical den si ty (A) Mo1ar Extinction 
mAA. Coefficient ( E. ) 

242 1.44 14,405 
246 1 • .32 1.3,.3.3.3 
250 1.19 11,991 
254 1.07 10,710 
256 .99 9,909 
260 .77 7,757 
264 .51 5,155 
268 .26 2,522 
270 .19 1,981 
274 .15 1,426 
280 .19 1,9.31 
282 .22 2,227 
286 • .31 .3,16.3 
290 .51 5,105 
294 .61 6,176 
.300 .99 9,989 
.302 1,09 10,910 
.304 1.0.3 10,0.31 
.306 .82 8,258 
.308 .62 6,226 
.310 • .39 .3,9.3.3 
.314 .17 1,776 
.316 .16 1,6.31 
.318 .17 1,711 
.320 .19 1,926 
.324 .26 2,622 
.3.30 .44 4,554 
.3.34 .62 6,296 
33S .8S 8,858 
.340 1.03 10,360 
346 1.52 15,215 
.350 1.95 19,519 
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2-(4-Meth11-2-(4:thiazolinel]-1,3-indandione 

Wave1ength (~ Optical density (A) Mo1ar Extinction 
JIL.C4.. Coefficient ( i ) 

350 1,98 19,819 
354 2.49 24,924 
360 2.98 29,829 
364 3.18 31,831 
370 3.62 36,236 
372 3.82 38,238 
374 3.78 37,837 
376 3.48 34,834 
300 2.46 24,624 
384 1.53 15,315 
3SQ 0.84 7,937 
394 o.61 5,685 
400 0.44 3,928 
410 0.26 2,672 
420 0.18 1,891 
430 0.13 1,381 
440 0.099 9~ 
450 0.067 6SO 
460 0.047 475 
470 0.037 300 
476 0.035 360 
400 0.037 370 
484 0.0.39 3SQ 
4SQ 0.042 420 



109. 

2-(3,4-Dimethy1-2-(4-thiazoline)]-1,3-indandione 

Wave1ength · {)J Optical densi ty TA) Mo1ar Extinction 
mfo<..- Coefficient ( €, ) 

350 1.25 12,512 
354 1.00 16,116 
360 2.12 21,271 
364 2.44 24,424 
370 2.76 27,727 
374 3.02 30.230 
378 3.10 31,031 
380 3.06 30,630 
384 2.66 26,726 
390 1.87 18,818 
394 1.35 13,538 
400 .810 8,108 
410 .398 3,983 
420 .249 2,492 
430 .161 1,621 
440 .104 1,041 
450 .071 710 
M:JJ .o;o 510 
470 .029 290 
474 .027 280 
476 .029 290 
480 .029 290 
484 .031 320 
490 .035 350 



no. 

List of the ultraTiolet spectra 

Fig. 1. 2-G,-methy1-2-(4-thiazoline~-11.3-indandione 
(240-.350 JYt) (I) 

and 

2-~4-dimethy1-2-(4-thiazolin~ -1,.3-indandione 

(240-.350 JIYI) (II) 

Fig. 2. 2- ~tby1-2-(4-thiazolin~ -1,.3-ilxlandione 

(.350-490 JYt) (I) 

and 

2- ~4-dimethy1-2-(4-thiazolin~ -1,.3-indandione 

(.350-490 ~) (II) 
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SUMMARY AND C<lfl'RIBU'l'IŒS '1'0 KNOWIEDGE 

The present investigation demonstrated the reactivity o! met~l 

groups in the 2 po si ti on o:t the thiazole nucleus. In this work the re act-

ivity of met~l groups in positions 2, 4 and. 5 was tested by condensing 

met~lthiazolee ldth anh1dridee of aromatic dicarboJq"lic acide. During 

the investigation the :tollowing resulta vere obtained: 

1) Methyl groups in position 4 and 5 on the thiazole ring were 

inert. No condensation oecurred under any conditions by reacting keth-

ylthiazole and ~et~lthiazole with anhydrides. 

2) The !olloldng products, wbich can be regarded as merocyanines, 

have been prepared :tor the :tiret time by condensing 2~ethylthiazole, 

2,4-dimet~lthiazole and 21 5-dimetb7lthiazole "Wi.th phthal.ic and naphthalic 

anhydride: 

a) 2-[2-(4-thiuoline~ -1,.3-indandione, m.p • .31Q-.312• 

b) 2- f;-methyl-2-(4-thiazoline)J -1,.3-indandione, m.p. 255-256• 

w. 

c) 2-f.3,4-dilnethyl-2-(4-thiazoline)]-1,.3-indandione, m.p. 170-171• 

d) 2- \5-meteyl-2-(4-thiazoline)]-1,.3-indandione, m.p. 287-288• 

e) 2-(2-(4-thiazo1ine >] -1,.3-per:tnaphthindandione 1 m.p • .241-242• 

t) 2- [4-meth;yl-2-(4-thiazoline)]-1,.3-perinaphtbindandione, m.p. 216-217• 

g) 2- ~ethyl-2-(4-thiazoline)]-1,.3-perinaphthindand.ione, m.p • .302-.30.3• 

.3) Sodilllll salta of all these merocyaninea have been pt"epared. 

4) 'nle ultraviolet absorption spectra of 2-[ 4-metbyl-2-(4-tbiazoline~ 

-1,.3-indandione and 2- ~,4-dimethyl-2-(4-thiazoline)] -1,.3-indan:iione have been 

investigated between 242 and 4~ m • '!he tollowing absorption maxima were 

!ound: 

a) 2- [4-met~1-2-(4-thiazoline)J -1,.3-indandione 

~ max. .302 and .372 m_)V 

b) 2-~ ,4-dimethyl-2-(~thiazoline }1,.3-indandione 

J.. max. .304 and .378 ~ 
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5) Mo1ecu.lar weight determinations and e1ementary analyses indicated 

that onl.y one methy1 group reacted. 

6) No prod.ucts were obtained with diphenic anhydride and wro:m.e1litic 

dianhydride. 

7) For the tirst time Mannich condensation of the methJlthiaso1es 

has been successtull.y carrlled out, thus extend:ing the ecope of this type ot 

reaction to the thiuo1e derivatives. In the Mannich condensation too, onl.y 

the 2-:m.ethy1 group on the thiazo1e ring showed reactirlty whi1e the 4- and 5-

metby1 groups vere proved to be inert. 

S) The tollowing Mannich bases haYS been prepared for the first time 

by cond.ensing 2-methy1thiazo1e, 21 4-dimethy1thiazo1e and 2,5-dimethy1thiaso1e 

with fol'll.aldehyd.e and either m.orpholine hyd.rochloride or piperidine byd.rochloride. 

a) 2-(Morpholinoet:t:ijr1)-thiazo1e, b.p. 79-Sl.•/3 -· 

b) 2-(Piperidinoetby1)-thiaso1e, b.p. 115-119•/4 mm. 

c) 4-Methy1-2-(morpholinoetby1)-thiazo1e, b.p. 134-137•/4 11111. 

d) 4-Methy1-2-(piperidinoethy1)-thiazo1e, b.p. 96-98•/5 Dllle 

e) 5-Metby1-2-(morpholinoetby1)-tbiazo1e, b.p. 135-136•/7 lill.. 

t) 5-Metb1'1-2-(piperidinoethy1)-thiazo1e, b.p. 128-131•/4 Dili.. 

9) Dipiorates of a.l1 the Mannich bases bave been prepared and 

10) The condensation products ot dimethy1éllli.ne bydrochloride, tol'll-

al.deh7de and met.b71thiazo1es were very unstab1e. 
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