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" SUMMARY

The methods of synthesishéf quinolizinium, pyrazidi-iniwm end
other salts containing quatern;xy bridgeheed nitrogen atoms are
reviewed. { |

The object of this work was to establish setisfactory, and if
possible, general methods of sjnthesis of the aromatic bridged
diquaternary salts (I, II, LIXXIII, LXAXIV) and some of their alkyl
and aryl derivatifes, in quantities which permit a study of their

chémical-properties and possible herbicidal activity..




.f, K

’” 2~ (2-Pyridyl)thiazole (LXXXV; R=H) was synuhes1sed by treating

: -plcolinic acid thioamide w1th bromoacetal.
2-Methyl-i~(2-pyridyl)thiazole (XC; R=Me) was'brepared by treating
W -bromoacetylpyridine with thioscetamide.

Quaternisation of these bases with bromoacetaldehyde oxime,
broﬁoacetone_andcu-bromoacetophenone and subsequent cyclodehydration
of the resulting monoquaternary salts, afforded the pyrido [1,2-&]

 thiazolo [2,3-c] pyrazidi-iniun salts (I; ReH,lMe, R'=H,le or Ph) and the
_. pyrido [1,2-3. thiazolo [4,3-'0] pyrazidi-inium salts (II; _1:1’=I-.Ee ,, R'=H,le or Ph)
respectively, | -

The synthesis of brz';dged aromatic ‘diquaternary salts of
4-phenyl-2-(2-pyri§yl)thiazéle=was wmsuccessful., The 3fpheny1-5,6-
 aihydro-pyrido [1,2-¢] thiazolo [2, 3-c] pyrazidi-iniun salt (LXKXIX; R=Ph,

X=Br) was the‘only-diquaternany df;ivative of this base isolated.

'Aromatic bridged diquaternary selts of the analogous base
L-meth§1-2-(2-pyridyl)thiazole (LXXXV; R=Me) are described.

The attempted synthesis of aromatic bridged diquaternary salts
of 1,10-phenanthroline is described, only the phenyl substituted
derivative. (LXXXIV; R=Ph) was isolated.

Several attempts were made to synthesise 2-(2-pyri&yl)oxazole

(CI; R=H), however the quantity of base obtained did-no£'permit the

‘ preparation of bridged aromatic_: diquaternary salts.

(iii)
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NQLT..’;}NCLATURE

In accordance with the recommerdatlons of the Chemical
Socle‘y, the ring :Lndex system will be used throughout for the
nam.ng of fused cyclic systems.
The neme pyrido [1,2-g] thiazolo 2, 3-o| pyrezidi-inium ion has |
been adopted to describe the tricyclic fused ring system (I; R=R'=H). £

V‘hen the sulphwr atom is replaced with an oxygen stom the system is

’-"ref‘erred to as the pyrido [1,2-:-:;' oxa_zolo [2,3-0] pyrazidi-inium dication
(LXXXIII R=R'=H).
S:.mllarly the name pyr:.do [1 2-g| thiazolo [l.., -cJ pyraz:.dz-;n:.m
.ion is used to describe the tricyclic fused ring system (II; R=R'=H).
Benzo [b] dlpyrldo[l 2=a : 2! 1'-c]p.;raz:.dz.-1n1um dlcau:.on
(LX.XXIV R=H) is the name used to describe the tetracyclic system
pyrene, where the 3a and 5a bridgehead carbon atoms have been

replaced with .quatema.zy nitrogen atoms,.

Sad
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HISTORICAL INTRODUCTION

The most widely studied of all the bridgehead nitrogen

. compounds are those in which the bridgehead nitrogen- atom is

, c‘iuatemary.

In an aromatic cation of this type, the presence of the

* positively charged nitrogen confers TT —deficien’c2 prope-rt:?.es on
thé compound, examplles of such cations afe the quinolizinium
cat:.on (III) and the d_wyrlaopyrazn_dl-lnlm dgication (IV). The

* _extremely TV -deficient compounds of this type are reviewed in the

first part of the introduction.

III . L , v

Another group of bridgehead nitrogen compounds is that in which

the nitrogen donates two. electrons to the arometic TV electron system.
3 . L

'Compounds of this type are called 7\ -excessive systems and are
exemplified by indolizine (V), but their chemistry, unlike that of

the TT -deficient compounds mentioned, has not been widely studied.



Those compoundé falling between these two extremes may be
expe.cted to show both T\ -excessive and /1-deficient properties 9
.1“ or example, ring systems with a quaternary and a tertiary _bridge-
head nitrogen atom, exemplified by the dipyrido [1,2-0 2! ,1’-e:|
imidazolium cation® (VI), and those with a quaternary bridgehead
nitrogen atom but poésessing .other ring heteroatozzis; as in the
case of the is__qelectronic byrid:othiazoiimh' (VII; %=8), ;g:yx;ido-

oxazolium’ (VII; %=0), end byr@doimidazoliumé (VII; X=NR) catioms.




.1, N-Deficient Aromatic Quaternary Bridgehead Nitrogen Compounds

(1) Quinolizinium selts

Prior to 1954, the only reported synthes:l.s of a qulnol:.z'n..tm

compound having no additional fused rings, was that recorded oy

7

‘Diels and Alder in 1931. From the reaction between pyridine and
- the .dimethyl ester of acetylene dicarboxylate, these authors
obtained 1_:hree products, one of vhich, & stable yellow compound,

_ : has since beeﬁ showrms’9 to be tetramethyl LH-guinolizine

1 2,3, l;.-tetraca.z"bo;quate (viiz). When the quinolizine derivative

- _'-:-__::_-,(VIII) was treated with brom.ne in methanol, the qm.nolu:.nlxm

A perbrom:.ae (IX; X=Br;) was obtained which yielded the bromige

(IX, X=Br) on boiling with acetone.

" COOMe o T CoOMe
03 1
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V.’he-n Thyaga.rajanlo reviewed quinolizine chemistry in 195k,

' the work necgssarily contained few references to the fully arom:at;i.c_:
quinolizinium cation (III) and its homologues.  Since then, |
however, much progress has been made in quinolizinium ion chemisiry.

Excluding .the diene synthesis described by Diéls and Alder?,

: thez;e are essentially two ways of synthesising quinoliziniwm and

| related cafions. The first method involves attachment of a
-suitable side-chain onto the carbon adjacent to the pyridine

nit;coéen atom, cyclisation is then achieved by intramqlecuil_ar

; quaternisation. The second method employs quaternisation of a
) 2-substit1'1'ted i:yridine with an aéent capable of condensing with the

:-..é-su't;stituent. As an extension of these gereral methods, certain
_'. t'.'c):c'kergal:"-“:I"’Z’l-3 devised modified procedures involving a second
.com'ponént ‘capable bf condmsing'ﬁth the 2-substituted quaternised

) pyridine.

McLamore and Woodward.u"' arrived at a synthesis of the

sy ’
'ila-t
Bt
it

" quinolizinium nucleus as a result of their work in esteblishing the
‘structure of the alkaloid sempervirine (X), and this has been the
* ... basis of many other sj?nfheses of quinolizinium compounds.

>
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The procedﬁre they employed involved the condensation of :
_2-picolyl-lithium with 2-isopropoxymethylenquglghexanone" tha
cyelisation taxlng place in the presence ‘of mineral acid %o

afford a 517 yield of 7,8,9 10-uetrahydrobenzo[b]qulnollzlnlum

.plcrate (x3; X_plcrate)

l/

/-

§
\
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The method was extended to the synthesis of the. methochloride
of sempervirine (XII; X=Cl) by the condensation of 2-isopropoxy-
meth&lene_c_:y_c:ﬁhexanone with the lithium. de.rivative of N-methyl
' harmen (XIIi).' ‘Subsequent cyclisation afforded 13-methyl-1,2,3,4

-tetrghydrobenz [¢] indolo [2, 3-a] quinolizinium chloride (XII; X=C1).

\CHOPr

XII

The simple quinolizinium ion (III; R=R'=R"=R"=E) was first
synthesised by Beaman and Woodward15 who obtained a low yield from
.a modification of the'previoué method. The condensation was
analogous in so much as 2-picolyl-lithium and 3-isopropoxyacrolein
were the starting materials, the intermediate (XIV) subsequently

undergoing cyclisation with acid to afford the required quinolizinium

salt (III; R=R'=R"=R"'zH).

[
I N



© CHO.CH = CH.OPr— Lo | y

Boekelheide and Ga.lll6 » by replacing the 3-isopropoxyscrolein

with 3-etho:qrpropioﬁaldehyée ’ ob‘n.:ained the 3,4-dihydroquinoliziniuvm

© selt (XV), which, on subsequent dehydrogenation, gave the aromatic
salt (III; R=R'=R"=R"LH, X=picrate), isclated as the picrate in

| 10% overall yield.

OH

(eC0),0




17

-Later, Boekelheide and Ross™ ' extended the procedure %o
. prepare h-methquuindlizinium salts (III; R=Me, R'=R"=R"LE) by
starting with the mono-lithium derivetive of 2,6-1lutidine and

dehydrogenating the intermediate dihydro compound.

The first synthesis of quinolizinium salts in eppreciable
18,19

-yield was recorded by Glover and Jones Treatment of
2-cyanopyridine-with the Grignard reagent from j-éﬁhoxypfopylbromide
gave 2-4'-ethoxybutyrylpyridinqzo (¥v1) which after cleavage with
hydrobromic acid and subsequent basificetion yielded the bromoketone
(XVII);_ Cyclisation was effected by boiling the bromo compound
(XViI) in chloroform affording 1,2, 3,L:'-tetrahydro-l-oxo--
quinoiizinium bromide.(XVIII). . This cy¢li§ ketone was then
dehydrated to quinolizinium bromide (III, R=R'=R"=R":H) by boiling
under reflux with acetic anhydride. | An overall yiéld of L8% was

recorded, based on the starting,2—cyanop&ridine.

T

10
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Et0(CH, ) sMgBr | | XVI XVII
éi) Na,C0g
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Rim \ / 0\
MeC0),0 i
]
X

19 prepared 2~-, 3-

Using this general method the same authors
and 4-alkyl and anyl'substituted quinolizinium salts by suitably
ﬁbdifying the aliphatic precursor. -

Katritzky et a1%* used a modification of this method to
synthesise 1-,2-,3-, and 4-methylquinolizinium bromides, but a

more convenient procedure has been devised by Iwai and Miyadera22

~ which affords the intermediate ketone (XVIII) in higher yield.

11




As an extension of the two basic methods mentioned previously

(page 6) certain a.uthorsll prepared several 2,3-disubstitutéd

. quinolizinium.salts (III; R=R"™ =H, R'=R"=le) by the condensation of

4 qua uernary salts ofX ~picoline with compounds having two adjacent

dxo-grouns. Thus 2,3-dimethylquinolizinium bromide (III; R=R"' =

" R's R"—“'Ie) was obta:.ned by the action of diacefyl on the quaternary

~ salt (XIX) formed between ethyl bromoacetate and ®{-picoline, cyclisation

was achieved by heating in ethanolic dibutylamine. The yields

reported for this reaction are usually in the order of 80%.

L]

S

-

ol
ife 0\ Me ) R"
i/\'/ N (Bu) ,NH \l/
” + L in BtOH .~ ‘ |
III

XIX

A range of 2-, 3-, and 4-alkyl and aryl substituted
quinolizinium salts have been prepared by Richards and .':‘.’cevensz3 s
by treating the enol ether or the monoketal of a 3 -diketone with

2-picolyl-lithium, and cyclising the resulting alcohols with acid.

~—

"2



CH,Li ' .
f”;\\\ﬂ/f ROD .CHR! CR" (OA1K), [iii::jL

Acid

=

By an extension of the Richards and Stevens procedure and

us:.no 2, 6 utldyl-llthlum with the anpropr:.ate pro»ected

24

'-/3 -diketones, Amstutz and Hansen”  synthesised 2,L4,6-trimethyl-,

: j._ and 2-pheny1-h. 6—a1methjlqu1nollzm1um salts.

Fon

\Iesmayanov and Ryb:x.nskaya have reported a procedure for

4 the specific synthesis of 2-substituted quinolizinium salts which

avoids the dehydrogenation stage used by Boekelheide et a.llé’ 17.

They treated 2-picolyl-lithium with 2-acylacetals, cyclisation

'-bein.g effected by boiling under reflux with L48% hydrobromic acid.

13
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Dehydration of the resulting alcohols(XX) with acetic anhydride
readily produced the quinolizinium salts(III; R=R'=R"'zH,

‘Rt'=Me, Pr- or Ph) in high yield.

N CH,Li "0
' 455?\\?// . .3\49 L\\V//ﬂ r\OH .
| 1e

N

M.e( “Olie M

. Three mono—hydro:_gquinolizinium compounG.S are now léuozfm.
1-Hydroxyquinolizinium piciate (III; R=R'=R"=H, R=0H) was first
prepared by Glover and Jones26 by dehydrogenation of 1,2,3,4-
teurahydro-l-oquulnollzlnlum bromide (XVIIL) using palladium
charcoal as cataelyst. The yield was poor and only the picrate

was obtained.

&
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XVIII . o IIT

27,28

- Later, Fozard and Jones synthesised l-hydroxyquinolizinium
bromide (XXI), the 2-hydroxybremide (XXII) and the 1-,2-dihydroxy
bromide. (XXIII) via the following series of reactions end starting

with the cyclic ketone (XVIII).

15




MeC0,Ag/HBr

o
| B - N

XXT ' XXII

16




Furthermore these authors:hive reported29'the synthesis of

6-methyl-l-hydroxy (XXIV; R=H, R'=Me, R"=0H) and 8-methyl-l-hydroxy
quinolizinium salts (XXIV; R'=H, R=Me, R"=OH) by 2 modification of

the above reaction sequence.

R"

10

The details of the preparation'of l-hydroxy-3-aryl qpinolizinium
salts and their 2-alkyl derivatives (III; R=H, R'=Ar, R'' =2lkyl,

-R"f=0H) have been reported by Kpbhnke 2oL |

The synthesis involved
quaternisation of a 2-acylpyridine.(xxv) withﬂO-bromoaceﬁophénone
or'a suitably substituted derivative (XXVI). The resulting
.ﬁonoéuaternany salt (XXVII) when treated with Aibase, efforded the

. zwitterion form of th; 1-hydroxy salé which was not isolated but

treated with hydrobromic acid to yield the substituted l-hydroxy .

' quinolizinium salt (III; R=H, RtzAr, R'=Alkyl, R" =CH).

17




COCH,R
_ H + BrCH,COAr —_— ' %‘\‘
X , N+ N\CH, C0Ar
. _ . Br~ .
XXV XXVI xxvII
Na3003/E-tOH
v
Rm 0" I ]
/\/l\,/R '?}Br AV Vel P AN \{-_T-I
oL =] — ]
NN R \/ NS ur X -\’ N N
Br f‘l -
ITI )

3-Hydroxyquinolizinium salts (III; R=R'=R"'=H, R'=0H) have
‘-Deen prepaz;ed'by Schraufsté.tter30 by treating the quaternary salt
(XXVIII.) between X~diethoxyme thylpyridine and chloroacetone, with
hydrobronic acid. | '

S
g
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N "oz, Coe
¢l -

CH(OE®), | | c::(ost);,
./\l/ ClCH,COMe _ Al/

XXVIII

Rlll
\

=

i/\“/‘\l/“'
Br- [
' R

ITT

'L.Ising a similar cyclodehydration proc;edure, Duke, .Fozarcl
éna Jones31 have reported the synthesis of the 3-hydroxygquinolizinium
" bromide (III; R=R':R'"'=H, R'=0H), These workers treated the
..:quaternary salt formed between 2-(1,3=-dioxolan-2-yl) pyridine and

_fﬁbromoacetone with hydfbbromic acid.

R -
i

19
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l + BrCH,COMe —_ I
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Br™—
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(ii) Benzoguinolizinium salts
The three benZOquinoliziﬁiwnsystemsbenzo[a](XXIX; R=H)

benzo[b] (XXX)' and benzo[c]quinolizinium selts (XXXI) have all been

prepared.

|
l\_/I\R
XXTX XXX XXXT

. Bradsher and Beavers3 »35 reported the first synthesis of

" Yenzo[b](XAX) end substituted benzo[a](XXIX) quinolizinim salts.
The preparation of the benzo[B]salts involved the cyclodehydration

' of N-benzyl-2-formylpyridinium bromide (XXXII) with concentrated

' hydrobromic acid.

F;fff*i(/pﬂo’ ‘ N . .
Br~ ) '

XXXII . XXX

21




P .

preparation of the three benzoquinolizinium salts™”. S

Quaternisation of 2—phenylpyridine with w -bromoacetobhenone
or iodoacetone, followed by treatment with hydrobromic acid effected
cyclodehydra#ion and affofded the bénzo[a] quinolizinium salt
(XXIX; R=Me or Ph).

BenzoE{] quinolizinium sg;t534 (XXIX; B=H) and nunerous

. 2 o
substituted derivatives have been prepared’4’33

o

using a godizication
of the original cyclodehydration method described by Bradsher and
Beaversjz.
The procedure described by Glover and Jones18 for the synthesis
of quinolizinium salts w;s adapted by the same authpré.for.the
19 tarting

with.l-cyanoisoquinoline, and 2-cyanoquinoline, the three isomers

were prepared in a mamner analogous to the following reaction scheme,

22 : .
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_\/\/\’ NN BN

o O‘x) - o/J\/l

Et0(CH,) ;MgBr

2156237538,39,40,41,42,43

Bradsher et prepared many

subs tituted benzo[b] quinolizinium salts, including quinones,
by quaternising derivatives of pyridine-2-aldehyde, 2-acetylpyridine,

and 2-benzoylpyridine with suitableo{-haloalkylerenes. Cyclo-
dehydration of the .resulting salts efforded the required benzo{b]

quinolizinium compoﬁnds;
Recently a photochemical cyclisation technigue has been

utilized for the synthesis of benzo[a] end benzo[c] quinolizinium

L

salts. - Bradsher and Doolittle '  quaternised pyridine with




0 ~bromostyrene to afford the l-styrylpyridiniwm salt (XXXIII;R:R':H,
X=Br).’ Ultraviolet irrsdiation of this salt in alcohol
containing & trace of iodine yielded the benzo[aj guinolizinium

'salt (XXXIV; R=R'=H, %=C10,) isolated as the perchlorate.

XXXTIT ' XXXTIV

| Two substituted derivatives have also been synthesised

| (XXXIV; BMe, R'=H or R=H, R'=C1, X=C10,).
A similar techniqﬁe has been used by Bradéher'and Fozarﬁ%s

to ﬁrepare benz9[c] quinolizinium salts. 2-chloro-5-nitrobenzaldehyde
" was boiled under reflux with 2-picoline in acetic aenhydride to afford
.the.trans-stilbazole'(XXXVa; R=NO,). Ultraviolet irradiation of
this isomer in benzeneisolution gave the benzo[e] guinolizinium sal®
(XXXI; R=NO,) isolated as the chloride., Ultraviolet irradiation
of trans-2'-chloro-2-stilbazole (XXXVa; R=H) resulted in the

formation of cis-2'-chloro-2-stilbazole (XXXVb; R<H). Heatin

2L



. benzo[c] quinolizinium salt, A

this isomer at 170°C for 1 hour yielded the unsubstituted benzo|c]

quinolizinium salt (XXXI; R=H, %=Cl). By heating the trans-2'-
chloro-2-stilbazole (XXXVa; R.,—.'H)'at 240° for 6 hours in the
p'resence' of iodine these workers isolated the unsubstituted

1‘2 .

7R

|

X)(.XV a

XX¥T

L5

‘Some substituted benzo[c] quinolizinium salts™ have also

.been prepared.

25



iii) Bicyclic azaguinolizinium salts

Prior to the recent work of '.C—,lover an'd. Loadmanlz's , none of T,he
possible unsubstitu.ted ezagquinolizinium ions had been reported,
only alkyl- and aryl-substituted salts'being knovm, Nesmeyanov et

prepared L-alkyl substituted l-azaquinoliziniwm salis
(XXXVI;R=Me, Et or Prn; ¥=Cl) by .condensing 2-aminopyridine with
ﬁ-ketoacétals in sealed tubes and cyclising the produc"ts viith
ethanolic hydrobromic acid. By using 8 -chlorovinyl ketones and
2-aminopyridine Nesmeyanov and Rv’oms‘-_ va improved this method, the
condensation and cyclisation stages occuring fogether imder the

influence of perchloric acid.

. This method also provides a route to the L-phenyl-l-azaquinolizinium

. salt (XMXVI; BPh, X=C1).

~

A/ NHz, _ | HC10, . /k
l‘\/l\" | + -. -
N -

L\l Z
C1.CH = CH.COR X lli
XXVT

26
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Kranhl-ce et 3112,13 have synthesised l-alkyl -3.-aryl,and 1,3-diaryl
~2=-azaquinolizinium salfs in excellent yields by hee.-"cing N--phenacyl
~2~-arylpyridiniwm salts with emmonium acetate in acetic acid rolution,
If 2-picolinic a_cid amide, or 2-cyanopyridine, is heated with'

9>- brpmoacétophenoné in acetonitfile then l-hydroxy-3-phenyl-2

-azaquinolizinium bromide (XXXVII; R=Ph, X=Br) is formed directly.

_. o _ . OH
o COMH, |
| l\/\ — — I
i s C NN R
3 ot _ Br ! "XT
BrCH,COPh ?o
| | Ph

¥
2
K

~ Details of the synthesis of l-alkyl and 1-aryl-2-azaquinolizinimn
-2-oxide salts (XXXVIII; R=H,R=H,Me or Fh, X=Br) have recently been
given by Glover and LoadmanL'L6. 2-(1,3-Dioxolan-2-yl) pyridine or |
2-[2-methyl(1,3)dioxolan-2-yl:| pyridine was quaternised with
bromoacetaldehyde o:a.me and the lresulting salts cyclised witk
concentrated hydrobi-omic acid, resulting in the formation of the

9-oxide derivatives (XXXVIII; R'=H, R=H or Me, X=Br) in good yields.

27
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BrCH,CH = NOH

Pl

The same authors obtained the]gghenyl derivative.(XXXVIII;
}: R'=H, R=Ph, X=Br) directly by quaternising 2-benzoylpyridine with
: bromoacetaldehyde oxime. T |

By quaternising 2-cyanopyridine with bromoacetaldehyde oxime,
- and boiling the re;ulting l-imino 2-oxide salt (XXXIX) under

.reflux with hydrobromic acid, the same workers isolated

1-0x0-1,2-dihydro-pyrido[1,2-a) pyrazinium bromide (XL).

28




/ ‘}
S

oJd
H
|
TR\
N

By an extension of the previous method ﬁhey have also
" isolated the 1,3-dioxo-1,2,3,hk-tetrahydro-pyrido|1,2-a] pyrazinium
bromide (XLI). Treatment of 2-picolinic acid amide with ethyl

bromoacetate afforded the 1,3-dioxobromide (XLI) in high yield.

29 -
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While investigating the chemistry é)f the 2-azaguinolizinium
salts, Glover and Loadman obtained the first unsubstituted
2-azaquinolizinium compounds (XLII; R=R'=H) by boiling the
unsubstituted 2-oxide (XXXVIII; R=R'=H, X=Br) under reflux with

phosphorus tribromide.

Z N /_-:O ' - Vi X

1 l ) PBry I i

K/D‘\)\R ' AN
Br~ _ Br~
-XXXV'.[II | ' . ¥LII
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: L
Bradsher and Telang ” have also recently revorted the

synthesis of the N-oxides of 2-azagquinolizinium salts (XXVIII; R=E
or Me, R'=Me)by the action of bromoacetone on a solution of

picolinaldoxime or 2-acetylpyridine oxime, in acetone oz

tetramethylenesulphone. .

R ' R

L |
C = NOH /\/\llﬁo

i
+ BrCH,COR' > hi
NN
Br~ "
XXXVIII
* The 3-phenyl dérivative (XXXVIII; R=H, R'=Ph) has also been P

., synthesised by treating the quaternary sali, formed between
i picolinaldoxime andw -bromoacetophenone, with hydrobromic acid.

49

- The same workers -~ obtained several benzologues using a similar

procedure,

3



Se~Azoniz-acephenanthrylene salts

It has been shown by Bradsher and Ifioser5 0 that
6—phenylphenanthridinilml systems with an activa’c.ing methoxyl
on the phenyl group .(JEIII ; R=OMe, X-=Br) will undergo cyclisation
to yield ll-methyldibenzo [a,g;l phenanthridizinimz_l salts (XLIV;

R=0OMe, X=Br).

XLITT . ' XLIV

51

. However, when Bradsher and Kimber”  attempted the synthesis
of the unsubstituted phenanthridizinium salt (XLIV; R=H) they
obtained the Sa-azonia-acephenanthrylene salt (XLV; R'=Me, R''=H,

" - <

R"':PH) in low yield, cyclisation not occuring onto the 6-phenyl

group.
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?olyphosphoric _ l + Br—
acid. -—————I
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v

The same authors have also obtained the 4,5-dimethyl salt

in L 3% yield.

o

| #(XV; R'=R'Me, R''=FPh)

33



Diazoniagpentaphene salts

The first fully aromatic compounds with quaternary nitrozen

atoms at two bridgehead positions were the diazoniapentephen

(4]

- salts
:(XLVI, XLVII, XLVIII) which were prepared by Bradsher and Parhampz.

XLVIII



These workers synthesised several isomeric diazoniapentaphsne
salts (XLVI, XLVII, XLVIII) by quaternising 2-(1,3-dioxolan-2-yl)
: ’
pyridine in tetramethylenesulphone, withoX,xX -dibromoxylenes and

¢yclising the_rgsulting salts with polyphosphoric acid.

XLVI

oo
PR N



Diopyrido [1J2-a : 21 1'—clpyrazidi-inium selts

6 s [—dihydro- d_Dy""ldOl_ 2-a : 2',1'—g|pyrazidi-inium dibromide

(XLIX) was obtained by Fielden, Homer aﬂd Jones?> b the
_ y

—

.Quaternisation of 2,2'-bipyridyl with ethylene. dibromide. The
catalytic hydrogenation of (¥LIX) in alkaline solution afforded

-'Derbydrodlnyvldo[l 2-a : 2! "'-c:] pyrazine (L).

0

2x
i) Hy/Raney Nickel’

. (ii) MeCOONa
/ \ ¥
\—N /———\’\! . | | LIX

L
Much interest has been shovm in the 6,7-dihydro-dipyrido
[_1,2-.'-.1': 2',1'-c]pyrazidi-j_nium salts (XLIX) due to their herbicidal

51,55,56,57

activity and many derivatives hav= been synthesised” "

Corr znd Gl over’ 8,59 |

syntnes:.sed d_byrldo[l 2-a : 2',1'-3:]
pyrazidi-inium salts (LI; R=H) by cyelising, with hydrobromic acid,
the quaternary salt formed be‘-:.ween 2,2'-bipyridyl ar'd bromoacetaldehyde

oxime., Aromatization of the resul ting hydroxy compound (LII; R=H

was effected by boiling phosphorus tribromide,

36
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The same authors have isolated the 6-methyl- and ‘6-phenyl-
dipyrido [1,2—3. : 2‘,1’-::_] pyrazidi-iniwm salts (LI; R=Me or Ph)
treating the monoguaternary salts (LIII; R=ifle or Ph) formed between
2,2'bipyridyl end bromoacetone or & -bromoacetopkencae, with

pho sphorué tribromide.

The 6-methyl derivative (LI; R=Me) was simuitaneously reported

by Calder and Sasse60.




Dipyridoll,2-a : 1!,2'-3lpyrazidi-inium salts

The synthesis of dipyridé[l,zéa : 1’,2’-d]pyrazidi-inimn salts
(LIV; X=Br) has been achieved by Glover and Horris6l;2-(l,3-dioxolau .
-2-yl) pyridine wes treated with 2-pyridylmethylbromide hydrobromide
in tetramethylenesulphone giving the intermediate salt (LV) as a red
0il, Treatment of the oil with hydrobromic acid afforded the

aromatic diquaternary salt (LIV) vhich was isolated as the dibromide.

Br L Br
' g

« — Y |
n B PN
Br~

NS

Ly

HBr

4
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6,12-Dihydro-pyrido|1,2-a : 17,2'-d] pyrazidi-inium salts(LVI)

ct

7
62,63 . .. . - : s
have also been prepared ’ o by the intermolecular quaternisafion

of 2-pyridylmethyl bromide in boiling benzene.

. N _ : :
] .. > I! |
X7 NcH;br N X \‘\/\/

2x
vI”
: . e BLEL
It has been shown by Glover agnd Morris ~°  that treatment

of the dihydrodiquaternary salt (LVI; X=picrate), in nitromethane
with palladi-um charcoal, afforded 12-oxo-12H-dipyrido[l,2-a : l’,2'-c1]
' pyrazin—5-i1m salt (LVI_II); the same product was obtained by the

_ selenium dioxide oxidation of the aromatic diquaternary selt

(LI;\T) .
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2, TV -Intermediate Aromatic f ernary Bridgehead Nitrogea Compounds

Aromatic cations of the type shown (VII; ¥=NH,0,3) containing
a quatemary bridgehead nitrogen atom and an additionel heteroatom .
will have their /T -electron deficient properties modified by the

additional heteroatom. Such compounds will be referred 1o as

TTfintérmediate.

. Pyridothiazolium salts

65

In 1924 Xoenigs and Geisler -~ obtained a yellow compound from

the reaction beiween pyridyl 2~thioacetic acid (LVIII) and acetic

anhydride. The structure initislly assigned to it by these authors
(=}

]
o

': : - . o . 66
- was later precluded by Tschitschibabin and Woroshtow ~ who favoure

fu

67

the monocyclic keten structure (LIX). However, Duffin sad Kendall
“»suggested that the compound may be more satisfactorily formuiated as

_ the mesoionic pyridothiazolium system (LX).

.
;
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LVIII
v Y 2
K/N ° R&/N——__{\
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LIX IX

: 6 s . I .
These latter authors T found thet similar acids (LXI; R=H,
R'=5-}e) were cyclodehydrated by boiling in acetic or propionic

anhydride af‘f‘ordihg the yellow products (LXII; R=H, R'=le).



A series of bri&gehead;ni%:ogen compounds, bésed on thiazole,
have been synthesised by DeSmet and Schwarstf These authors
treated the naphthothiazolé (Lxi11) ﬁith l,Z;dibromoéthane and
isolated the quaternary pyridothiazole (LXIV), and by a similar
procedure obtained the quaterna}y pyridothiazole (LXV) by treating

the naphthothiazole with trimethylene dibromide.

k3
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K/g r i Br /S
| ” il/\[/ Br(CH, ), Br N | ‘\)/
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s e Y -1
The seme workers synthesised the gquaternary salté (LXVI) ~ by

heating a mixture of the benzothiazole {LXVII) and trimethylene

dibromide.
Br-
k/\ I Br{CHy)oBr, ! |
% S He N ¢
. W)
LIVII | . LXVI

L




Pyridothiazolium salés (LXVIII;R-H orMe)recently reported
by Bradsher and Lohrh, were prepared by treating with mineral acid,
2-pjridyl sulphides heving a carbonyl function beta to the sulpkide
link, Cyclodehydration occurred effording the required aromatic

quaternary salt-(LXVIII).

NN (1) EaS0,

|
% !! L (2) Heo,
X 0 \R i

N\

[o]
(=3
&«
ct
Lr]
o
m
ck
(=3
(=)
(i}

The synthesis of the pyridyl sulphides was achieve
the sodium salt of 2-mercepto pyridine with the esppropriatie

“ifexX ~haloketone,
69

¥ly

Recently. Bredsher et al ° have reported the preparation o
the thiazolo[2,3-b]thiazolium cation (LXIX). - Treatmeat of

'2-me:_ccap"co‘chiaz'ole§-(LXX) with X -chloroketones afforded the sulphides
(LXXI) , which when treated with concentrated sulphuric acid at 100°C

cyclodehydrated to yield the required aromatic systems (LXIX; R=R'=le,

R=R'=Ph crR=Me;R'=Ph) isolated as the perchlorates.

L5
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Pyrido~oxazolium salts

While investigating the structure of the adduct formed
; : . . 10
between 2-pyridone and l-bromoacrylic acid, Adams and PaCLter7
isolated an acid (LXXII) to which they assigned the dihydro

structure (LIXII).

v
/ I PP
N
T Br”
' TXXIT

- re 1
Lawson and hlles7

have reported the synthesis of the
.meso-ionic pyrido-oxazolium derivative (LXXIII; Relie &r Et). They
treated 2-pyridone N-zcetic acid with hot acetic or propionic

‘anhydride in accordance with the following reaction scheme.

L7
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° have synthesised

s,

liore receﬁtly Bradsher and Zinn~ h
2-substituted pyrido-oxaz071um salts (LXXIV; R=Me,Ph or p-BrC6"L)
hieved by D i ng 2-¢etboxy“y.1&;ne-with
Treatzent

The synthesis was ac
appropriate acyl halides in acetone soluti

Y
ne

d—

_4'-
omatvic

cyclisation affording the reguired
perchlorate,

the

(LXXIV) which was isolated as ©

the resulting pyridone (LXXT) with minerel acid effected
quaternary salt

A0 R H,50, o |
l HC10,, \/N___IJ
~ c10,”

. N hi\\CH!AO
LXXIV

LV




Pyridoimidazolium salts

N

Many systems containing the pyrid [2 T-a.ll_.“' dazolium ucleus

ave- movm bu little attention had been given to the l-alkyl and

l-aryl salts (LXXV.L) til recently when Bradsher et alb prepared

a varie ty of 2-substituted l-alkyl- and l-aryl-pyrido [2 1- J

imidazolium salts. These authors treated 2-alkylaminopyridines

(LXVII) with l-haloketones to afford the reguired aromatic salts

(LXXVI) according to the f rollowing reaction seguence.

—ty

i ” + BrCH —C— R 5
| i

LYXVII : ' : LXXVI




Dipyridoimidazolium salits

This series of compounds,'iso-electroni- vwith dipyridc
'pyrgzidi-inium salts, is based on indolizine, and it might-be
éxpected that'they would exhibit_"f?intermediate" propertie§¢
'_Cal&er and Sasse3 have recently réportéd.the synthesis of compounds
of this type. By the treatment of -2,2'-bipyridyls with gam

dihalides they obtained dipyrido[l,z-c : 2',1'—e]imidazolium salts

(LXXVIII; R=R'=H).

2
X



The same workers describe alkylations occuring at the

6-position in the parent cation (LXXVIII; R=R'=H) the feasibiliiy
o LY

of these alkylations being supported by the isolation of the

—R==:f)

]
o’

bis-tri-icdide (LXXIX) when the parent cation (LXXVIII;

.. e s e s s o an 0
was treazted with methylene di-icdide in benzcniirile at 160 C.
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DISCUSSION
The pyrido thiazolo pyrazidi-inium selts (I,II), the synthesis

vnich form tbe basis of the L0110w1ng discussion, are inciuded

(o)
Hy

in the same category as those /\ -intermediate compounds, reviewed
in -the second part of the introduction (page L1).
One of the major factors governing the ease of quaternisation

of nitrogen heterocycles is the basic strength of the nitrcgen atom

carried out, with & given quaternising agent, can be teken a8 a

reasonable indication of the zavgilability of the nitrcgen lone pair

for bonding., For example electrophilic tuac“ will occur more

rezdily at a pyridine nitrogen than at a thiazole nitrogen. The
" stronger basic nature of pyridine compared to thiazole was showm

by the formation of monoplcvaues of the DjvldyW thiazole bases

7

(LXxxv, XC), the evidence.being in favour of the pyridine rinz as

’
[

the location of the picrate residue. The nitrogen in pyridine
k <3 by

~e

fivefmembered heterocarcmatic systems containing a 'dcubly bound®

nitrogen atom, as well as a singly bound hetercatom, maintain their

- T
T\-excessive nature’ .

' o
It has been shown73 that the coplanar nature of salts such as

"Diguat® , 6,7-dihydro-dipyrido |_1,2-a : --c-] pyrazicdi di~inium

dibromide (LXXX) is a necessary feature for herbicidel asctivity,

.since the facile reduction of .b se- compounds to produce a stable

53
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water soluble free rad.caT (L¥XXa) is favoured by delocslisation

_of the odd electron over the vwhole molscule.

\\___4q \§ -——// T | N }Q __J2>
_/ | \__/

L0 : _ C 0 LX¥Xe

There is an indication that the qyr1do[l 2—a|t 02010 [2,j—ﬂ
pyrazidi-inium bromides (I) are similarly easily reduced. VWhen
aqueous solutions are treated with zinc dust a coloured solution
results presumebly due to the formation of a water soluble free
e 76 oo .
radical. A quentitative assessment'  of the herbicidal properties
of 3, b-dlmeuhyl-nyrﬁaoll 2-a} hia volo[2,3-cjpyrazidi inium
dibromide (I; R=R'=Me) however, showed only weak activity. The

herbicidal properties of other wnsubstituted pyrido thiazolo

pyrazidi-inium salts have-yet to be .studied.

It may be expected that the gyfidoEl,Z-a]thiazoloLZ,B-cj

pyrazidi-inium ccmpounds would exhibit greater herbicidal activity

s (IT).

The greater stability of the free radical (1) produced by one

cl

than the pyri do[T 2-ajth1azolo[L,g-c] pyrazidi-inium sali




.7 form diquaternary salts

S

eleciron reduction of the former-system (I) follows from its
increased mesomeric stabilization, compared with the radical

(I12) derived from the latter system (II).

«——> etc.

Ta

H

- € _S .
< - 2 ﬂ/ i <——% ETC,
. -
/TN
Br R
II iTa

The stability of diquaternary salts of phenazir;ew (Lxu)

~has been attributed to the distribution of charge over the

>

T\ —electron system, hence the reluctance of pyrazine (LXXXII) to
78 . N o o
cen be explained in terms of wreduced
stability of the dication by virtue of the smeller aromatic system

" over vhich the charge is distributed.

55
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Dipyrido pyrazidi-iniwm (IV) and pyrido thiazolo’ pyrazidi-iniu
(I,II) dications are related to the T\ -deficient diquaternary salts
buu it may be exvected that the latter group would show T\ -intermediate
haracter.

The work was then extended snd the synthesis of the bridged
aromatic diquaternary salt of phenanthroline (LXXXIV; R=Ph, X=2r)

3 . - o« - r,\
hieved. The attempted synthesis of pyr'-_o.o[l, -a] oxezolo|?2, 3-0]

pyrazidi-inium salts (LXXXIIT) is also described.

e
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20 [1,2-2] THIAZOLO[2, 3~c) PYRAZIDI-INIUNM SALTS

(LXXXV; R=He) have been given by Karrer and Schukri’”, and of
L-phenyl-2-( 2-pyridyl) thiazole (LXXXV; R=Ph) by Xnott and

Bz'eckenri_dgeso o T

synthesis of the parent base (LIXXV; R=H) although insufficient
was obtained for analysis. The base was Drebared. n fair yield

I..l
0
m
Q
l-l-
ol

nowever, by heating a mixture of bromoacetal and picoli

thicamide,

Q1 Ol

pi
\g , T\

LYV LXXHVa

The preparation of the parent pyri dc[1 2-a-i h:La 0[2,3-0]

hod

cl

Ri'zH, X=Br) was similer to the me

i

pyrezidi-iniwm salt (I,

=Y

58
described by Glover and Corr9 for the synthesis o
dipyrido|l,2-a : 2,1t~ clpyrezidi-inium dibromide (IV; B=H

2-(2-Pyridyl) thiazole (LXXXV; R=H) was heated with bromoacetaldehyde




oxime for several hours and the resulting crude monoguaieranary

Attempted dehydration with phosphorus tribromide was
unsuccessful only unchenged hydroxy compound was recovered.

Dehydration to the arometic dibromide (I; R=R'zH) was finally

achieved in moderate yield by boiling the hydroxy salt under
reflux with phosphorus tribromide containing a trace of phosphoric

acid. A better yield was obtained by using thioayl chaloride as

cl

dehydrating sgen

wl
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. 3-Alkyl and 3-Aryl-pyrido[1,2-a] thiazolo[Z 3-c] pyrezidi-inium selts
The preparat:.on of the 3-methyl substituted system (I; R=Me,

R'_H, X=Br) followed the same general procedure used for the parent
a.romat:.c dibromide. A mixture of the methyl base (LXXXV; R=Me)

a.nd bzomoaoeta.ldehyde oxime was heated on a boiling water bath for

& z hour andthe result:.ng moanuatema.ry oxime (LXXXVI; R=Me) allowed

to stand at room temperature in concentrated hydrobromic acid for

5 ‘hours. A 5% yield of the 5-hydroxy bromide (LXXXVII; R'=H, R=Me)
AR was obtained.. Treatment of this salt with boiling phosphorus
~tribrémide did not effeot dehydration; only the uwnreacted hydroxy
| compound was recovered. The aromatic dibromide.(I; R=Me, R':H)
‘was obtained in high yield however by béiling the 5-hydroxy selt
- under reflux with th:Lonyl chlor:.de. : |
The synthes:.s of the corresponding 5-pheny1 aromatic dibromide
" was attempted in the -same way but- the addition of acetone to the |
hydrobromio aoid solution of the gun obtained by heating & mixture
: of the phemrl base (LXXXV; R=Ph) mth bromoaceteldehyde oxime,
| . ‘precipitated only the hwdrobrmnlde of the phenyl base (LXXXVa;
_ R..Ph -R'=H, x.Br) cyolisation %o -the 5-hwdrox;y salt (Lxxxnx,

RFh, R'-H) not heving oocurred.

AN
LN




5-Alkyl and 5-Aryl-pyrido[1,2-s]thiazolo[2,3-0lpyrazidi-inium salts
The synthesis of the 5-substituted pyrido[l,2-a] thiaze™ -™2,3=]

pyrazidi-inium salts was carried out using a method similar to that
described by Glover and corr5 9 for the preparation of 6-alkyl and '
6-aryl-dipyrido [1,2-a s 2',1'—0] pyrazidi-inium salts (IV; R=Me or Ph).
The l-acetonyl and l-phenacyl moanuatemaz'y' salts (LXXXVIII;
R=H, R'sMe arFh) of the parent base (LXXXV ; R=H) were prepared by
heating the base with bromoacetone or w-bromoacetophenone on a water
bath, After heating for 7 hours, a 487 yield of the 1-phenacyl
bromide was obtained, however the corresponding l-acet.onyl salt could
not be isolated as a solid and was charaoterised as the piorate
(LXXXVIII; R=H, R'=Me, X=piorate).
Cyolisation of the l-acetonyl salt to the aromatic dibromide
(I; R=H; R'=Me) was effected by boiling the monoguaternary
bromide gum (LXXXVIII; R=H, R=lMe) under.reflux with phosphorus
tribromide. A yield of 10% based on the starting 2-(2-pyridyl)
thiazole was recorded. Treatment of the l-phenacyl bromide
(LXXXVIII; R=H, R"=P.h, X=Br) with boiling phosphorus tribromide
afforded the’5-phenyl aromatic salt (I; R=H, R'=Ph, X=Br) in 38%

yieldo
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'3,5-Disubstituted pyrido[1,2-althiazolo[2,3-c) pyrasidi-iniun salts

The same prooedixre, used previously for the synthesis of the
_ 5-sobstitu'ted pyrido[1,2-a] thielzolo[2,3-_c]pyra.zi<'1i-sinium salts,
| was used for the preparation of the 3,_5;disubstituted systéms
. (I; R=Me, R'zMe orPh,X=Br). ’ |

A-64% yield of the l-acetonyl salt of' the methyl base
(LXXXVIII; R=R'=Me, X=Br) was obtained after heating a mixture of
. the base (LXXXV; R=Me) and bromoacetons for 5} hours on & water
-bath. The 1-phenyl salt (LXXXVIII R=Me, R'=Ph, x..Br) was isolated
in 62% yleld after heatlng the base mthw-bromoacetophenone for
26 hours. Both these_ salts were obtained as crystalline sol:.dS'
and both -were cyclised-to the oorresponding aromatic systems
(I; R=Me, R'=Me or Ph, x_Br) in fair yleld by boiling under reflux
| with phosphorus tnbromlde.

In an attempt -to reduce the 3,5-diniethv1-pyrido[1,2-a] thiazolo

e, 3-0]PYPazidi.-inium dibromide (I; R=R'=lMe, X=Br) an aqueous

" solution of the salt was hydrogena.ted over a pla.t:mum catalyst.
_Ba.s:.ﬁoa.t:.on of the resulting solutlon and subsequent ether extraction
“did not afford -the expeoted product. No identiﬁable compound was
.1sola.ted. . o '
‘Quaternisation of the phenyl base (LXXXV; R<Ph) with bromo-
éoetone or W -bromoacetophenone affordoq respéotivélj, the- l-acetonyl

selt (LXKXXVIII; R=Ph, R'=Me, X=Br) in 73% yield after heating for




- % hour, and the 1-phenacyl bromide (LXXXVIII; R=R'=Ph, X=Br) in
53% yield after 3% hours heating on a water bath. Neither of
these colourless crystalline solids could be cyclised to
diquaternary salté. When the l-acetonyl bromide (LXXXVIII;
R=?h, R'=le, X=Br) was boiled under reflux with phosphorus tri-
bromide only the base hydrobromide (LXXXVa; R<Ph, R'zH, X=Br)
was isolated fram the reaction mixture, in 45% yield. Similérly,
attempts to cyqlise the l-acetonyl salt to the hydroxy compound
(LXXXVII; R=Ph, R'=Me, X=Br) using concentrated hydrobromic acid
afforded only the hydrobromide of the phenyl base in %é% yield.

The base hydrobromide was the only product isolated from the
reaction mixture when the l-phenacyl monoquaternary salt of ‘he
phenyl base (LXKXVIII; R=R'=Ph, X=Br) was boiled under re’lux with
phosphorus tribromide, This monoquatemary salt was recovered
unchanged and in high yields after being boiled under reflux in
concentrated hydrobromic acid for % hour.

The location of the quaternary nitrogen in the pyridine ring
of the monoquaternary salts is suggested since pyridine is a
stronger base than thiaz°1982o )

The reluctance of the phenyl base (LXXXV; R=Ph) to form
‘bridged diquaternary salts can be attributed to the steric effect
of the 2-phenyl group and the more weakly basic nature of the

thiagole nitrogen. Additional evidence in support of the



pyridinium structure for the monoquaternary selts (LJD(XVIII')- is

.'.to be found in the formation of only mon-opicrates of the pyridyl °

 thiazole bas.es, and in the n.m.r. spectrum of the l-acetonyl galt -

" . of the methyl base (LXXXVIII; R=R'=Me, X=Br). The n.m.rs
"'.f'spectrum of the methyl base in CCl, solution shows a signal in

" 'the region T 7.5 attributed to the protons of the thiazole:

. ,.,_-'::-34-methy1 group.,' and the l-acetonyl salt (LXXXVIII; R=R'=Me) in

) D30 solution showed a signal a,t T 7.45 attributed to the protons

:._:" of the th:.azole 5-methy1 group. A singlet at ’[' Yo vas also

o observ_ed_, attributed to the ketonic methyl g_roup of the acetonyl
2 _‘ﬁ.mction. Hed the thiazole nitrogen been quatema_ry a"greeter
-shii;‘t downfield would have been expected for the signb.l attributed
g I'-to the 3-methy1 protons, -the. negligible difference in the signals
suggests that the.quaternary nitrogen is in the' pyridine rJ'.r_lg.
" The infrared ‘' spectra of all the aromatic broxeiées (1)
prepe;red.- showed & band in the region 1660 ~ 1680 cmfl and
i attributed. to the -C—C- of the central dJ.quatemary pyraz:.ne r.mg.
| They are all. pale yellow sol:.d.s when prepared but on
” exposure to the atmosphere the colour fades due to absorptlon of
'mo:t.sture. Aqueous sol_ut:.ons _of the. az_tomatn.c dibromides developed
~_--e russet colouration of varyih;g intenéity when treated with zinc

N dust, 1nd1cat1ng that reduct:Lon occurs probably with the fomat:.on

. of wa.ter soluble free ra.dlca.ls._

o6



The’ p}wsical.oons__t;ant.s of the pyrido[l,2-a]thiazolo

[2,3-c)pyrazidi-inivm salts (I) are listed in Table I (page 68).
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l;f;:'Sié'-Dilwdro pyrido [1,2-a) thiazolol2,3-cl pyrazidi-inium salts

By heating the 2-(2-pyridyl) thiazole bases (LXXXV; R=H,Me or Ph)
‘with dibromoethane in  sealed tubes at 120°C,_ it was possible to

.isolate the 5,6-dihydro dibromides (LXXXIX; R=H,Me or Ph) from the

reaction mixtures as yellow crystalline solids.

BrCH,CH,Br

' The ultravio]fet spectra of these salts were determined and
the spectrum of the dihydro compound derived from ﬁhe phenyl base |
" (LXXXIX; R=Ph) showed the expected bathochromic shift compared to
the.monomethiodids of the base (LXXXVa; R=Ph, R'=Me, X=I). It has

56

been shown” , that the bathochromic shift observed in compounds of
this type results fr'omh the near ;zoplanari.ty of the aromatic rings
in these 5ridged:diquaternaty systems. It might be expected_thaf

. these dihydro compounds, like the analogous salts of bipyridyl
(LXXX), would exhibit herbicidal activity. The reaéy formation’

‘of stable water soluble free radicals was indicated by the

69
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colouration ﬁroduoed when a.n aqueou;‘s solution of the salt was
treatéd vith zinc dust, and th? near flat nature of the molecules
| inferred from the ultraviolet -s..._pectra -a'nd f-he numﬁer of possible
structures which can be formulaté_d for the mesomeric radié:als
(LXXXIXa; R=H,Me or Fh) obtair;ed by. one .electron‘ reduction -of the

dihydro salts.

+ e ol
EEa— » I «—> etc.
‘ \
' N—\ .
_ \R
LXXXIX . LXIXa -

Except for the -5-hydroxy-5,6-dihydro salts (LXXXVII) the
'only other partialiy-reduced systems obtained were the
5, 6-dihwdro-pyr-ido [3, 2-5.] thiazolo[2,3-c)pyrazidi-inium salts.
In éhe case of the phenyl base (LXXXV; R=Ph) the 5,6-dihydro
derivative (LXXXIX; R=Ph, X=Br) wes the. only bridged diquaternary

. salt to be ;‘.solated.




:.”’

g L

i Pyrldo [1 2-9.] th:.azolo[l... 5-c_| pyrazidi-inium salts

"hea'ting thioacetamide with W -bromoacetylpyridine - using a

2-Methyl-l;.-(2-pyndyl) thiazole (xc; R.Me) was prepared by
83

.. procedure similar to that described by Knott and Breckenrid.g'e80

for the preparation of the parent base (XC; R=H).

Quaternisation of .the methyl base with bromoacetaldehyde
oximé yielded the crude monoquaternary oxime (XCI; R=ile, X=Br) ¢
vhich, vihen allowed to stand in -concentrated hydrobromic acid
for 5 hours, afforded a 34k% yield of the 5-hydroxy dibromide
(xCII; R=Me)-.. ' : . B

Dehydration of this hydroxy compound was achieved by boiling
a suspension under reflux in ﬁhosphorué tribromide for 1 hours
when a high yield of the aromatic dibromide (II; ReMe, R'=H)

was obtained.

r71




_/
—N N=

XC:
_ 1
" BrCH,CH = NOH

. II

CH,CH=NOH

XCI

A

- XCII-
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5-Allyl and 5-Aryl-pyrido[1,2-a]thiazolo(k,3-c) yrazidi-iniun salts
The 5-methyl and 5-phenyl aromatic dibromides (II; R=Me, R'sMe
or Ph) were prepared in the sa..me w_a& as the correépoﬁding 5=substituted
pyrido [1,2-a.j thiazolo [2,3-c} pyrazidi-inium saq.fs (1).
IThe i-acetonyl and 1-phex_}=acy1 monoquaternary salts (XCIII;R=Me,
'R'=Me or Ph, x:m-)xv;e;-e prepared :.n high yiela by he.a.t:ing the base
(XC; R=Me) vl}i..th ‘ri:;'omoacetone or w -bromoacetophenone.. . ﬁoth these
- colourless cystallline solids were cyclised in moderate yield to
the corresponding aromatic dibromides (II; R=Me, R'=Me or Ph, X=Br)

by boiling under reflux with phosphorus tribromide. =

XC

* BrGH,COR!

130




e n

S

. an absorption band in the region of 1660 - 1680 cmfl attributed

* Picrates of these aromatic diquaternary salts (II; R=Me,

R':Me or, Ph, X=picrate) were obtained initially as yellow oo

crystalline solids, but on attempted recrystallisation from a

Wik

-%ariety of solvents they subsequeﬁtly decomposed.

‘The infrared spectra of these aromatic dibromides showed

‘to the -oc=c- of the central diquaternary pyrazine ring.

The'instability of these compounds towards nucleophilic-
solvents was shown on attempted féenystallisation from aqueous:

or alcoholic solution, when intractable solids were obtained.

.Crystallisation from concentrated hydrobromic acid-acetone

- mixtures however, afforded fhe salts cleanly and with little

" losse.

"When the ultraviolet'spectra Qf these diquaternary compounds
were determined in neutral aéueéus solution, it-was observed that
on standing decomposition occurred with the appearance. of a
yellow colouration. The apﬁearance of this colour coincided
with a decrease in the intensity. of the abéorption maximum at
300 my and the appearaﬁce'of & new maximum at 400 mu. In order
to ensure that the compounds did not.decompose the spectra were

determined of solutions of the salts in dilute mineral acid.

3
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The physical constants of the pyxido[i,z-a] thiazolo[l.;.,j-c]

pyrazidi-inium salts (II) are listed in Table II (page 76).

5
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. 5,6=Dihydro-pyrido[1,2-althiazololk,3~c] pyrazidi-inium salts
The dihydro compound (XCIV; R=Me, X=Br) was obtained in
50% yield by heating a mixture of the base (XC; R:Me).and

dibromoethane at 12000 for 4 da&s.

\ /
N N=
+ \ / +
2Br~
XC ' . . . XCIV
+
BrCH,CH,Br

The picrate of this compound, like the picrates of the .
aromatic system. (II) also decomposed on attempted
recrystallisation. Like the other bridged diquaternary salts
- of this base the dihydro dibromide was crystallised from
concentrated hydrobromic acid-acetone to prevent decomposition

which occurred in alcoholic'and neutral aqueous solution.
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Benzo[b) dipyridoLl,z-a.: 2',1'-g1nyrézq‘.di-inium salts
The synthesis of the parent aromatic dibromide (LXXXIV;

. R=H, X=Br) was attempted using.'_l.the précedure desc-ribed for
the pre'paraltion of the parent pyfido thiazolo pyrazid_i-ir;ium
| systems (I,II; R=R'=H, X=Br5. l,lOg-phenaﬁthx.'oline was
quaternised with bromoacetaldehyde oxime and the resulting
. crude monoquaternary salt gum (XCV; X=Br) treated with con-
centrated hydrobromic acid. .\'?‘hen acetone was added to this
solution a brown solid was precipitated-which was assumed to
be the hydroxy dibromide (XCVI). Crystallisation of this
salt proved diffioult and attempted dehydra.tion to the .aromatic
diquaternary salt (LXXXIV; R=H, X=Br) with phosphorus tribromide

afforé.ed a reacfion mixture frqm,which no identifiable compohnd‘

could be isolgted. :

78



" BxCH,CH = NOH

LXXXIV . , ~ XCVI
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salts -

5-Alkyl end 5-Aryl-benso[b] dipyrido[l,2-s : 2',1'-c] pyrasidi-iniwn
The qﬁaternisétion of phenéﬁthroiine with bromoacetone vias
-éarried out using fhe genefal method for'preparing acetonyl
gfquaternary salts. :When the dark red reaétion mixture was washed
'.;wifh eﬁher, and dissdlved in methanol, a dark intractable mass
t-.}was obtained.
t The 1-phenacyl monoquaternary salt (XCVIi; X=Br) vas similarly

prepared by heating an equimolecular mixture of phenanthroline and

' ZUJ-bromoacetophenone..' Cnystallisafion of this sdlt from methanol

. solution proved to. be much easier than for the.l-acetéﬁyl analogue

and afforded a moderate yield of the phenacyl monoquaternary salt
" (XCVII; X=Br).
When the monoquatéfnary_broﬁide (XCVII; X=Br) was heated with
concentrated hydrobromic acid for séveral minutes, the addition of
‘acetone to the.coole& reaction mixture precipitated an enolic

compound (XCVIII).

-80
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'CH,COPh

Ph.COCH,Br s
g XCVII'

\ -
NIV

Br_+ (|:H= <0H +

Pn -

- XCVIII

-

The infrared spectrum of this enolic salt (XCVIII) showed

no absorption between 1620 cm-s and 2500 cus indicating the

absence of a carbonyl function.




Treatment of; this compound with aqueous sodium picrate
afforded the l;phenacyl monoquaternary picrave (XCVII; X=picrate)

showing that hydrobromic acié had not effected cyclisation to

the 5-hydroxy diquatérnaﬁy'salt (XCIX; X=Br).

XCVII : XCIX

The structure of the compound(XCVIII) is anangéus to that
of the hydrobromide of the phenac&l monoguaternary salt of 2,2'-
bipyridyl recently reported by'Corr and Glover59, and which was
also shown to be enolic. These authors report the n.m.f.
‘spectrum of the bipyridyl analogue (C) in D,0 as showing a single

proton peak at T 3.75 attributed to the enolic pfotoh, the peek

slowly disappeared during a period of 1F hours.

J
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c - - XCVIII

The enolic compound (XCVIII) was dehydrated to the aromatic

dibromide (LXXXIV; R<Ph) by boiling phosphorus tribromide. A

‘more cbnvenient route to this salt however was by the direct

" oyclisation of the 'l-phenac&l monoquaternary bromide (XCVII;

X=Br) with boiling phosphorus tribromide. This procedure avoids

one- stage and the reflux time is shorter.

83
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,PyridoEL,Z-aJoxazololZ;B-c]pyrazidi-inium salts

" The synthesis of the 2-(2-pyridyl) oxazole was attempted

" using the method described by Dadkhah and Prijsa# and reported

as affording a 47% yield of the base (CI; R=H). Pyridine-2

-aldehyde was condensed with eminoacetel and the resulting

azomethine (CII) cyclised with oleum. After basification and
subsequent ether‘extraction, only & small amount of dark oil was
isoleted which vroduced az tar on attempted distillation.

Another method?h, similerly utilized cyclisation of the

. azomethine (CIi) but employed ﬁhosphorus-pentoxide and, concentrated

sulphuric acid asithe cyclising agent. A 10% yield was reported
for this method, but only a very small smount of pyridyl oxazole

was obtained.

'/ CH = N.CH,CH(OEt),

X

.CII - o cI
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By heating this base with an excess of W -bromoacetophenone
"é it was possible to isolate a colourless crystalline solid, the
fui;:infrared spectrum of which was very similar to the analogous
f12%1-phenacyl-2-(2-tﬁiazoly1) pyridinium bromide (LYXXVIII; R=H,

" R'=Pn, x=Br).

Characterisation of'£he suspected monoqgaternary bromide
(CII; R=H, R'=Ph, _x:Br)' was attempted by preparing the picrate
(COI; B=H, R'=Ph, X=picrete) which wes obtained as a stable |
' yellow crystalline solid. The quantity produced was, however,
after recrystallisation from etﬁanol, insufficient for elgmental

analysis.

oI ' - ' © CILI

+
BrCH,COR

It would appear that fufther investigatién info the preparatién
of the'pyridyl oxazole base is reguired, in order that a viable
yiéld may be obtained. Mor; work on tﬁis topic would almost
certainly be fruitful, as the facile quaternisation wi£11COJbromo-
acetophenone has indicated a convenient route to the pyrido[l,Z-aJ
oxazolo[2,3-¢) pyrasidi-iniun selts (LXXXIII). .
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ILLUSTRATIONS
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FIGURE 1

Ultraviolet spectra of:- -

2-(2-pyridyl) thiszole, 4, and 2-methyl-h-(2-pyridyl) thiazole, B.

both in ethyl alcohol

-

3.0'

. . ) 1
I A i )

230 250

270 290 310 330
Wavelength (mu)
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FIGURE 2

" Ultreviolet spectra of:-

" pyrido[1,2-8] thiazolo [2, 3-c] pyrazidi-inium @ibromide, A, in neutrsl

aqueous solution and 3-methylpyrido [1,2-althiazolo[l, 3-c] pyrazidi-inium

dibromide, B. in N. hydrochloric acid .solution

240 280 320
" Wavelength (mu)




FIGURE 3

‘Ultraviolet spectra of:-

5,6-Dihydro-pyrido[1,2-a] thigzolo[2, 3~c] pyrazidi-inium dibromide, A,
: and 3-methyl-5,6-dihydro-pyrido [1,2-a] thiazololk,3-c]lpyrazidi-inium

. dibromide, B, in neutrsl agueous solution 2

3
3 ] H

240 " 280 . 320
' Wavelength (my) .
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EXPERIMENTAL

All melting points were determined on a Kofler block.
Infrared absorption spectra were determined on a Perkin-Elmer

237 spectrometer, ultraviolet absorption spectra on a Unicam

- SP700€ spectrophotometer and n.m.r. spectra on a Perkin-Elmer

Hodel R10 spectrometer,
iicroanalyses were carried out by Drs. G. Weiler and

F.B., Strauss.




Bfomoacetaldehyde oxime was prepared using the method described by

3 .

Kimber and Parham”” for the synthesis of the chloro compound. &
mixture of brémoécetaldehyde dimethylacetal (26 g.) and hydroxyl-
emine hydrochloride (48 g.) in water (60 ml.) was stirred wntil an
'hoﬁogeneoué solution was obtained. This solution was continuously
egtrécted with ether for 72 hr., the ether extract_washed with
‘water (2 ml.) and then dried with sodium sulphate. The ether was
removed by rotery evavoration to afford the broﬁoacétaldehyde ¢xime,

2-(9:-Bromoacetyl) pvridine was prepared using the method described

by élemo et 9.18—3 A solutlon of bromlne (31.8 g.) in benze"e

(151.2 ml.) was added gradually to a well stirred solution of
i2—acetylpyridine (24 g.) in benzene (2:0 ml.) and glac_al ecetic

‘acid (60 ml.). The resulting colourless precipitate was collected
;andffreated with an excess §f saturated potassium cardbonate solution

fto yielq an 0oil. The oil was extracted with ether and.the extract = %~
_ idrled with sodium sulphate. Distillation of the oil under reduced
ﬁﬁpressure afforded 2-acetylpyridine, b.p. 35-40 /1 (4.4 g.), and
o-(w -bromoacetyl) pyridine, B.p. 89-20 / 1m, (12.1 g.).

- . - 81
Brecmoacetone was prepared by the method of P.A. Levene . A

mixture of acetic acid (74 ml.), acetone (100 ml.) and water (320 ml.)
was heated in a round bottomed flask with stirring at 650, while
bromine (70 ml.) was added dropwise. This solution was tken

diluted with weter (160 ml.) at 10°, before neutralising to Congo Red

with sodium carbonate. The resulting oil was collected in a

. o3



separating funnel and dried with calcium chloride (16 g.) before

A . » Y ) Fax] - . . o N
distillation. The frection boiling 38-48 /13 mm, was collected

. . . R o . .
for redistillation under vacuun when the LO-L2 fraction 2t 13 mm,

was retained for use.

L) n

Thionicolinamide was prepared using the method described b
- . -> M

79

Karrer and Schukri’”. 2-Cyano§?ridine (10 g.) in ethanol (20 ml.)
vas added to a solution (80 ml.) of ethanol saturated with agmonia._
When this mixture éas saturéted with h&drogen Sulphide.tne crude
thioamide gradually separated from the solution. The thiocamide
was crystallised from ethanol as.pale yellow needles, m.D, 138o
(5.6 g.)e | |
L-Methyl-2-(2-pyridyl) thizzole (LXXXV; R:Mg) was prepared according
) 2

to the method of Karrer and Schukri'”. A solution of thiopicolin-

amide (1 g.) and chloroacetone (1 g.) in ethanol (3-i ml.), was
boiled wnder reflux for 8-10 hr. The base hydrochloride was
obtained from the cold alcohol solution as colourless needles,

)
m.P. 170-172 .

The free base was obtained by dissolving the hydrochloride (1 g.)

in water (5-7 ml.), basifying with sodium hydroxide and extracting
with ether. ZEvaporation of the ether yielded the crude base which

" crystallised from 40—60o petrol-acetone and had m.o. 84-84.50;

A Do (in EGOH) 2330, 3090 L (1ogyo€. 3.78, £.19).




-y

-'}:E:':.l:gh-?}ienyl-z-(2-"oyridy1) thiazole (LXXXV; R=Ph) was prepared using the
i ) :

- v

. method described by Knott and Breckenridgeso. A solution of
i:hioﬁicblinaznide (1.5 g. ) and w -bro;noacetophenone (1.7 g.) in

ethanol (10 ml.) was bo:Lled under reflux for 2 hr, The solution

was evaporated to half its original volume and cooled. The base hydro-
'bromide (LXXXVa; R<Ph, R'=H, X=Br) was weshed with dilute

potassium hydroxide solution givijn.g the free base which was
crystallised from ligroin-ether and had m.p. 710; )\ max (in Et0H) -

2510, 2590sh., 2840sh., 320 & (Log € kb, 4.39; 4.02, 4.08).

The monomethiodide, (¥¥XXVa; R=Ph; R'zle, X=I) of ‘the nhen.yl

base was prevared by treating a solution of the base in tetra-
methyienestﬂ.phone with methyl i:odide. " The monoquaternary iodide
crystallised from methanol-ether as yellow needles, m.D. 202°

(Fouwnd: N, 74, 7.7. [ requires N, 7.4%); )\ .(in H,0) .

158 131N2
2160sh., 2570, 3470 (1oomc La:2, 4.31, 3.82).

" 0-(2-Pyridyl) thiazole (LXXXV; R=H)

A mixture of thiopicolinamide (2 g.) and bromoacetel (2.6 g.)
was heated-on a boilipg water bath for 16 hr. The reaction .
mixture was cooled, washed with ether, dissolved in water, and
basified with dilute sodium hydroxide solution. ‘This solution
_wes e:_:tra.c_‘{:ed with ether and  the extract dried with sogiium sulphate .
befo*'e evaporation to low volume., The residual crude-base was

chromatographed in ether solution on an alumina column and the




Vo

: . . . ,. . 0
eluate evaporated. Crystallisation of the residue from 40-60
petroleum ether gave the chemicelly pure base (1.1 g., LT%).
The analytical sample of the colourless base was obtained by

0

.sublimation at 70-800/ 0.5 mm., moPe 59-61" (Found: C, 59.0;

‘H, 3.8; N, 17.25. CgHN,S requires C, 59.3; H, 3.7; N, 17.3%);
"N pgy (in EtOH) 2300sh., 2390sh;, 3080 & (logy, € 3.61, 3.52, 4.13).
The picrate,. prepared by the additioﬁ of alcoholic picric

acid to the base, crystallised from ethanol as yellow prisms,

m.p. 155-157° (Found: C, 42.85; H, 2.1; N, 18.0.. CaBgH,S,

2

CgHN 0, requires C, 43.0; H, 2.3; N, 17.%%).

o-ethyl-l~-( 2-pyridyl) thiazole (XC; R=ile)

A mixture of 2-(w -bromoacetyl) _py:ridine (1.0 g.) and
thioacetamide (0.35 g.) was -hea%ed on a boiling water bath for
3 hr., cooled and ';washed with ether. - _The residual gum was
basified and extracted with ether. The dried extract was
' evaporated to low waumeand chromatographed in ether solution on
an alumina column to yield the base (0.43 g., 49%).  The
analytical sample, obtained by sublimatipn at 85° and 3.5 mm,,
had m.p. 43°. (Found: €, 61.3; H; 4.5; N, 15.4. CgHght,S
requires C, 61.35; H, L.6; N, 15.9%); A max (in EtOH) 2210,
2530, 2900 X (101 € 408, 4.10, 3.98).

The picrate, prepared- by the addition of alcohoiic picric

acid to the base, crystallised from ethanol as yellow needles),




mv 195° (gecomp.). (Found: C,hk.3; H, 2.7; H, 17.15.

N CgHig,S, CgHoN,0- required C, kh.5; B, 2.7; N,17.3%).

:5—Hydrdxy-5,6-dihydro-pyrido[1,2-a]thiazolo[2,3-dinyrazidi—inium

.Dibromide (IXXXVII; R=R'=H, X=Br)

& mixture of the base (LXXXV; R=H) (1.18 g.) and bromoscetal~
dehyde oxime (1.5 g.) was heated on a hot water bath for 3 hr.
The reaction mixture was cooled gnd washéd with ether. The
residue was diésolved in concentrated hydrobromic acid (2 ml.)
" and allowed to stand at room temperature for 1% he, . The addition
of acetone precipitated the crude hydroxy diquaternary salt which
wes filtered off. The analyticel sample of the hydroxy dibromide
crystallised from concentratedihydrobroﬁic acid-aéefone and had
m.p.73_40° (decomp.) (0.228 .g.,.-.9}'%'). (Pound: €, 33.25; H, 2.65;
N, 7.7. ClOHloBrzl\%zO5 requires C, 32.8; H, 2.75; N, 7.65%).

Addition of agueous sodium picrate to the dibromide afforded
the dipicrate which was cpys£aliised from nitrométhane—ether and
had m.p. 176-178°. (Fownd: ¢, 40.0; H, 2.25. c22HMN80153
requires C, 39.9; H, 2.1%).

Pyrido[1,2-a] thiazolo [2,3-cl pyrazidi-inium Dibromide (I; B=R'=H, ¥=Br)

A suspension of the hydroxy dibromide (LXXXVII; R=R'=H, X=Br) (0.35 g.)
in thionyl chloride (6 ml.) was boiled under refiux for 1 hr. The
reaction mixture was cooled, filtered and the residue which was

crystallised from concentrated hydrobromic acid - acetone afforded




" the dibromide, m.p.>320° (decomp.) (0.216 g., 69%) (Found: C, 33.1;

Hy 3.1; N, 7;0. Cy dsBﬂ N,S. H,0 requires C, 32.8; H, 2.75;

N, 7.65%); )\ ox (in Hz0) 2290, 2500sh., 2630sh., 2670 2725,

3260, 3330, 3500 &£ (1og106 3489, 4.02, k.20, LL 23, Lu2, 411,

4.16, 4.09).

The dipicrate, prepared by the addition of aqueous soalu_ -
picrate to the dibromide, crystallised from nitromethane - ether
and hed m.p. 262-263° (Found: c, 41.2; H, 2.0; N, 17.3.

C,oHy g0y, § required €, 41.0; ._ " g, 1.9; N, 17.4%).

5.6 -Dihydro-pyrido[1,2-a]thiazolo [2, 3-c] pyraszidi—iniur Dibromide

(LX¥XIX; R=H, X=Br)

A mixture of the unsubstituted base (LXXV; R=H) (0.98 °.) and
dibromoethane (1.25 g.) was heated in a sealed ‘tube at 120° for
3 days. The reaction product was washed with ethef and crystallised
from concentrated hydrobromic acid - acetone giving the dibromide
m.p. >320° (0.55 g., 48%) (Found: c,3i-,;5; H, 3.0; N, 8.3.

1071077272
2290, 3280 & (1og10 € 3.86, 4.28). .

C., H, .Br N, S required C, 34.3; H, 2.9; N, 8.0%); Amax (in H,0)

The dipicrate, rrepared by treating the dibromide with agueous
sodium picrate was crystallised from nitromethane and had m.p.
Do T~y 1 o ) . . . - T -
255=257 . (Found: C, 41.05; H, 2.2; N, 17.3. 022’51#\‘801’_3

requires C, 40.9; H, 2.2; N, 17.3%).




1-Acetonyl-2-(2-thiazolyl) pyridinium Bromide (L30OIVIII: RiH,'R =}e, X=Br)
- 2-(2{Eyridy1)'thiazole (0.22 g.) and bromoacetone (0.22 g.) were
. heated together on a boiling water bath for 3 hr. The resulting gum
was washed with ether but no solid material coulé be.isolated; the
1,cafion'was therefore characterised as the picrate. The crude mono-
-;.quaterﬂa:y broﬁide was treated with agueous sodium picrate and the
";géxesultlng monopicrate crystallised from ethanol giving yellow reedles,
m.p. U5-146° (0.05 g., 8%, based on the sterting 2-(2-pyridyl)
:thiézoie). (Found: C, 45.45; N, 2.95; N, 15.6. C-7.13m -0,8 requires

C, 45.6;5 H, 2.9; N, 15.65%’)'.

5-ethyl-pyrido [1,2-althiaz0l0[2, 3-c] pyrezidi-inivm Dibromide (I; R=H,
R'=He, | X=Br)

A mixture of bromoacetone (;.06 g.) and 2-(2-pyridyl) thiazole
(0.85 g.) was heated on a boiling water bath. The resulting gum was
washed with ether and thea boiled under reflux vith phosphorus
tribromide (5 ml.) for 5 min, - After-cooling, the residue was
filtered off and washed free of nhosphorus tribromide with acetone.

The dlbromlde crystallised from concentrated hydrobromic acid - acetone
as pele yellow plates, m.p. )>320 (decomp.) (0.17 g., 1055, based on
the starting 2-(£-nyﬁdy1)' thiazole) (Found: G, 32.7; H, 3.7; N, 6.6.

Br.N.S. 2H0 requires C, 33.2; H, 3.5; N, 7.0%); )\ . (in H0)

1181087 2
2290sh., 2490sh., 2710sh,, 2770, 3290, 3400, 3570 (logyy € 3.90, k.0,

C

4,37, Lo, 4.23, L.22, L.01).
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';;{i?i-Phenacyl-z-(z-thiazolyl) pyridinium Bromide (LXXXVIZL; R=H, R'=Ph, X=Br)
2-(2-Pyridyl) thiezole (l 08 g.) and u’-bromofceuonhcrone |

(l 33 g.) were he;tnd together on a hot water bath at 80

7 hr, The reactlon mixture was cooled end washed with ether.

Recrystallisation of the re51due from etLanol—uthev afforded the

monoguaternary bromide as pale yellow plates, M.pP. 178_—179o

(1.16 g., 48%) (Found: C, 53.1; H, 3.6; N, 8.3. 016}11331:‘\:203

_requires C, 53.2; H, 3.6; N, 7.8%). |
The picrate, prepared by the addition of aque&us sodium picrate to

the mon0quate¥nany bromide, crystalliséd from ethanol and had

m.p. 162° (Found: C, 52.2; H, 2:9; N, 1..2, 022H15N5088 requires

C, 51.9; H, 3.05 N, 13.75%) . | |

p-P“enyl-pyridollie—a]thiazolofé,j—dlDvrazidi-inium Dibromide

(I; R=H, R'=Ph, X=Br)

A suspension of the monoguaternary bromide (LXXXVIII; R=H, R'=Ph)
(1.23'g.) in phosphorus tribromide (10 ml.) was boiled under reflux
for 5 min., ﬁnd the-reéction mixture cooled, filtered and washed
with_acetone. The residue was czys%allised'from methanol-ether
yielding the dibromide; m.p. >340° (0.55 g., 38%) (Found: C, 4k.7;

H, 3.0; N, 6.8. 16H12B* N.S. & Hy0 reguires C, 44.35; H, 3.0;
N, 6.5%); A ax (in Hx0) 2420sh., 2780, 3390 (100106 4.08, L.28,

4.23).
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The dipicrate, préﬁared by-the addition of aqueous sodium -
picrate to the dibromide, was dfyStallised from nitromethane-ether,
and hed m.p. 220-222° (Found: C, L6.3; H, 2.4; N, 15.7.- - CogH) gNg0y,,S
“requires C, 46.7; H, 2.2; N, 15.55%).

5-Hydroyy-3-methyl-5,6-dihydro -eri dof1,2-althiazolo [2,3~c]

pyrazidi-inium Dibromide (ILXXXVIL; R=ie, R'=H ], ¥=Br)

A mixture of the methyl base (LXXXV; Rele) (0.86 g.) end
bromoacetaldehyde oxime (0.8 g.) was heated on a water bath at &0°
for 30 min. - The reaction mixture was cooled, washed with ether,
the residue dissolved in concentrated hydrobromic acid (2 ml.)'and
sllowed to stand at room temperature for 3 hr. The addition of
acetone preclpluaued the hydroxy dibromide which, wheﬁ filtered of'f
:ana c:ystallised from concentrated hydrobromic acid - acetcné had
m.p. 253° (0. 10 go, 5%) (Found: C, 34.9; H, 3.15 N, 7.5. C;- 1:Hy B N,08
requires C, 34k.75; H, 3.2; N, 7.4%).

Attempted dehydration of 5-Hydroxy-3-methyl-5,6-dihydro-pyride [1,2-2]

thizzolo 2, 3-c] pyrazidi-inium Dibromide (LXXXVII; R=lie, R'=H, X=Br)

A suspension of the hydroxy dibromide (0.l: g.) in phosphorus
tribromide (5 ml.) was. boiled under reflux for 24 hr. The reaction
mixture was cooled and filtered, and the residue washed with acetone.

.ﬁecrys»alllsatlon of the residue from concentrated hyarobromlc acid - £

: ”gcetone gave only the starting hydroxy dibromide (0.1l g., 78%)..

- LR
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" 3-Methyl-pyrido[l,2-althiazolo[2, 3-c] pyrezidi-inivm Dibromide

(I; ReMe, &=H, X=Br)

4 suspension of the hydroxy dibromide (LXXXVII; R=He, R'=lH,
X=Br) {0.18 g.) in thionyl chloride (5 ml.) was boiled under
reflux for 1% hr. The reaction mixture was cooled, filtered,
washed with acetone, aﬁd the residue dissolved in concentrsied
hydrobromic acide The addition of acetone precipiteted the
aromatic dibromide which wes recrystallised from concenirated hydro-
bromic acid - acetone giving pale yellow plates, m.p. >525°

(0415 g, 85%) (Found: C, 3k.5; H, 3.5; N, 7.85. CllHiOBrZNZS.
H,0 requires C, 34.75; H, 3.2; N, 7.k%); A max (in H,0) 2260,
2490, 2700sh., 2770, 3400, 3560 & (1og € 3.92, 3.99, .19, k.23,
4022, 4.23),
The digicrate,,preparéd by the addition of aqueous sodium

picrate to the dibromide, crystallised from nitromethane-ether,

-] o BTouna - H 5 H- 3
and had m.p. 260 (decomp.) (Found: C, 42.1; H, 2.k. 023ﬂ14N8014b
“requires C, 41.95; H, 2.1%).

.B-Methyl-B,6-dihydrofpyridoEl,2-a]thiazolo[2,3-c]pyrazidi—inium

.Dibrormide (LXXXIX; R=Me, X=Br)
o A sealed tube containing a mixture of the methyl base (LXYXV;
R=He) (0.65g.) and dibromoethane (1.k9 g.) was heated at 120°

for 6 days. The reaction mixture was cooled, washed with ether

and the residue crystallised from methanol-ether to afford the
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brlo_gea dibromide, m.p. >300° (0.28 g., 21%) (Fownd: C, 36.2;

H, 3.2; N, 7.6. Cqq .12Br2N28 requires C, 36.3; H, 3.3; N, 7.7%);

3 }\may (in H,0) 2330, 3430 2 (1og10 € 3.79', 1,29).

The gipicrete, prepared by the addition of aqueous sodium

picrate to the dibromide, cr stallised from water as yellow
- ]

needles, m.p. 273" (aecomp ) (Found: C, 42.:; H, 2.7; ¥,.17.1.

2#- i) Brolig0q) § requires C, £2.8; H, 2.5; N, 19.6:/;).

J.-Acetonyl-Z-[2—(4-methylthiazolyl)]pyriﬁ.inium Bromide (LXXXVIII; R=R'

L ]
=He,

' X:BI')

‘A mixture of the methyl base (LXXXV; R=iie) (3.72 g.) and

. - a o 'nC o
bromoacetone (2.8 g.) was heated on & water bath at 80" for 5% hr.

" The reaction mixture was washed with ether and yielded a solid

which crystallised from methanol-ether as colourless plates,

meps 216° (Lo2h g., 64%) (Found: €, 15.2; H, koh; N, 8.5.

12 13Br1* 0S. 2H,0 requires C, 4h.7; H, Loy N, 8.7%).

The picrate, prepared by t:he addition of agueous sodium

crate to the brcmlde, crystallised from ethanol-water as yel'lo

needles, m.p. 178-180° (Found C, &7. 1; H H, 3.6; N, 1.9,

18H15N5088 requires C, L6.9; H,-3.3; N, 15.2%).

%,5-Dimethyl-pyrido [1,2-2] thiazolo [2 [2,3-c] 'pyrazld:i.-lnlum Dibromige

(I; R=R'=Me, X=Br)

© A suspension of the l-acetonyl monoquaternary salt (IXXXVIII;

R=R'=Me, X=Br) (0.62 g.) in phosphorus tribromide (10 ml.) was
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boiled under fe:lux for 5 min, Thé reaction mixture was cooled,
;11terea and the residue wasned with acetone and ether. Crystallisation
of' the residue from methaﬂol—ether gave the aromatic dibromide,

m.p. >350° (0.kk -3 59%) (Wound. C, 35.35; H, 3.65; N, 6.8,

Cq oty oBT,N S 2H,0 requires C, 35. 0,- H, 3. 9, N, 6.8%); N . (in
H,0) 2500, 2825, 3450, 3550sh ? (logy, € 3.92, k.22, k.21, x.18).
The dipicrate, prepared by the addition of agueous sodium
picrate to the bromide; crystellised from weter es yéllow plates;
n.p. 258° (decomp.§ (Found: C, 43.2; H, 2.2. C, H NGO, S requires

C, 42.9; E, 2..%).

1-Phenacyl-2-] 2-(l-methylthiazolyl)] pyridinium Bromide (LXXXVIII; R=Me,

R'=Ph, X=Br)

A mixture of L-methyl-2-(2-pyridyl) thiazole (0.85 g.) and
hi-bfomoacetophenone (0.9 g.) ﬁas homogenized on a boiling water
bath and then allowed to Stand at room temperature for 26 hr. The
reaction prodﬁct was washed with ether.and recrystallised from methanol-
ether affording the monoéuaternazy bromide as colourfess plates,

MeDo 236 (1.1 g., 62%) (Fownd: C, 53.2; H, L.3; N, 7.2. C-7d1 5B 0.

1H,0 requires C, 53.1; H, 4.2; N, 7.3%).

3-Hethyl-5 —phenyl—pvrﬂdofl 2-althiazolo [2, 3-cloyrazidi-inium le“om1ce

(I; R=Me, R'=Ph, X=Br)

A suspension of the monogquaternary bromide (LXXXVIITI; R=lie, R' =Fh)

(0,61 g.) in phospho”us tribromide (10 ml.) was boiled wunder reflux

for 5 min, Tbe reactlon product was cooled filtered and washed free

10L
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of phosvhorus tribromide with acetone. Crystallisation of the
residue from methanol-ether gave the dibromide es péle yellow
: platés mepa 320° (decomp.) (0.k g., 57%) (Found: C; L5.8; H, 3.k
N, 6.L5. Ci7Hui_Br2H23. FH.0 requires C, 15.65; &, 3.63 N, 6.3%);
A max' (in H;0) 2510, 2830, 3510sh., 3610?\(105m€ L:.oé, £.26, .26, 4.29).
.The dipicrate, prepared by the addition of aqueous sodium
picrate to the.dibromide, crysta}lised from nitromethane-ether as
._ yellow plates, m.p. 228-230o (Foﬁﬁé; C, 47.1; H, 2.9; N, 15.4,
c'29H18'1\r801L:s requires C, 47.4; H, 2.5; N, 15.3%).

Attempted synthesis of 5—Hy&roxy-3-Pheny1—5,6—dihydro-nyridoil,2-a]

thiazolo[2,3-c] pyrazidi-iniun Dibromide (LXXXVIL; R=Ph, R'=E, ¥=Br)

4 mixture of the phenyl base (LXXXV; R=Ph) (0.48 g.) and bromo-
uiécetaldehyde oxime (0.28 g.) was heated on e hot water bath for

fL hr. - The reaction mixture was cooled, washed with ether and the

: gum dissélved in concentratéd hydrcbromic acid_(5 ml.). Lcetone
was added to the_mixture'but-the precipitated solid proved to be

the hydrobromide of the base (LXXXVae; R=Ph, R'=H, X=Br).

3-?heny1-5,6-dihydro-pyri&o[1,2—a]thiazolo[Z,B—c]Dyrazidi—iﬁium

Dibromide (LXXXIX; R=Ph, X=Br)

A scaled tube conteining 4—pﬁenyl—2-(2-pyridyl) thiazole (0.5 g.)
end dibromoethane (0.5 5.) was heated st 120° for 4 deys. The tube
was cooled and‘the'contents washed with ether., Crystallisation of
the residue from methanol-ether afforded the dihydfodibromiée

(LOXIX; R=Ph) as yellow plates, m.p. 297-299° (decomp,) (0.16 g., 18%)
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(Found: C, 43.9; H, 3.6; N, 6.5. C16H143r2N28. 31,0 reguires
C, bh.2; H, 3.5; N. 6.03%); A (in H,0) 2240, 3030sh., 3550 &
(_1oglo € 4.27, 3.67, 4.17)%

he dlchVauF was prepared by treating he bronlde with agueous
sodium picrate and crystallised from nitromethane as yellow needles,

) . . - n g

m.p. 220-222 <Foun_d: c, 1...0.:), H, 2.8; N, 15.2, Cgt gMg05),S
reguires C, 46.5; H, 2.5; N, 15.5%).

1-Acetonyl-2-lb-(a-pheﬁylthiazolyl)]Pyridinium Bromide (LXXXVIII; R=lie,

R=Ph, X=Br)
A mixture of the phenyl base (LXXXV; R=Ph) (0.52 g.) and bromo-

-acetone (049 g. ) ves heated on a b iling water bath for 30 min.

The reaction mixture was cooled, washed with ether and the residue

crystallised f“om methanoT-euner yielding the monoguaternary bromide
es golden plates, m.p. 184-185° (0.61 g., 74%) (Found: C, 52.75;

H, 4.2; N, 7.1, C,oH, Bri,08. $H.0 requires C, 53.1; H, L.2; N, 7.3%).

The picrate, prepared by treating the bromide with aqueous sodium
ﬁ-— - . -

<
vicrate, crystallised from ethanol-water as yellow needles, m.p. 190

(Found: C, 52.3; H, 3.4; N, 13.4. 023H17N5088 requires C, 52.8; H, 3.3;

N, 13.4%).

Attempted synthesis of 5-Methyl-3-phenyl-oyrigo [1,2-a] thiazolo [2, 3-c]

pyrazidi-inium Dibromide (I; R=Ph, R'=Me, X=Br).

A suspension of the monoquaternary bromide (LXXXVIII; R=Ph, R'=Ke)

(0.29 g.) in phosphorus tribromide (5 ml.) was boiled under reflux for

5'min, The reaction mixture was cooled and washed with acetone and

206




and ether. Crystallisation of the residve from ethanol-water

[
[}
w
H
o
ot

vielded yellow plates, m.Dp. 180° (0.11 z., 45%). The inf
spectrum of this salt showed no carbonyl absorption band, and was
identical vwith the spectrum obiainesd for the base hydrobromide
(LXXXVa; R=Ph, R'=H, X=Br).

A second attempt was madeﬁﬁo cyclise the moanuaterna:y salt, .
. 4 suspension of the bromide (LXXXVIII; B=Ph, R'=He) (0.34 g.) in
concentrated hydrébromic acid (9 ml.) wes boiled unde;-reflux for
30 min, .On cooling the reaction mixture, yellow needles ~
crystallised from the solution. he crystalline solla =s filtered
of f end recrystallised from ethanol yielding the base hydrobromide
(LXXXVa;-R:Ph, 3'=ﬂ, X:Br)'(0,26'g., 73%9. The infrared spectrum of this salt
was.identical ith that obteined previously for the base hydrobromide
of the phenyl base (LXXXVa; R=Ph, R'=H, X=Br).

1-Phenacyl-2- [2-(k-phenylthizzolyl)] pyridinium Bromide (LXYXVIII; R=R'=Ph,

¥=3r)
A mixture of the phenyl base (LXXXV; R=Ph) (1 .17 g.) .and W-bromo-

acetophenone (i.O? g.) was heated on a boiling water bath for 3% hr.

The reaction m_xture was washed with ether and the residue crystellised

from methanol affording fhe monoguaternary bromide a; yellow plates,

: m.p. 205° (1.13 g., 53%) (Fownd: €, 60.1; H, h.l; N, 6.5. Cy,H; ¥, Br0S

requires C, 60.; H, L.0; N, 6.4%).

The picrate, obtained by treating t bron_de with aqueous sodium

. ) . - -0
picrate, crystallised from ethanol-water as yellow needles, m.p. 157
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(Pound: C, 57.0; H, 3.4 M, 12.35. C o ¥ 0gS requires C, 57.k;
H, 3.3; H, 12.0%).

Attempted synthesis of 3,5-Diphenvl-pyridoll,2-althiazolo[2,3-c)

ovrazidi-inium Dibromide (I; B=

4 suspension of the mono uatermary bromide'(LXXXVIII; R=R'=Ph,
¥=Br) (0.11 g.) in ﬁhos)horus tribromide {3 ml.) was boiled under
reflux for 1 hr. The reaction mixture was cooled end filtered,
the residqe washed vith acetong and c:ystgllise& from ethanol
giving yellow needles (0.0BZgg,;hlﬁg.- Subsequen; infrared analysis
showed that this §a1t wes the base hydrobromide (I.XXXVa, R=Ph, X=Br)

A suspension of the phenacyl moﬁoquaternéry bromide (EXXXVIII;
R=R'=Ph, X=Br) (0.30 g.) in concentrated hydrobromic acid (5 ml.)
was boiled under reflux for 30 min., and cooled. = The c-jstéls
which separated from tﬁe solution were filtered off, washed and
then crystallised from methanol giving the starting monoquaternary
salt (0.24 g., 80%). The infrared spectrum of the product was
identical with that of the starting phenacyl monoguaternsry salt
(IXXXVIII; R=R'=Ph, X=Br). The high yield was indicative of the
recovery of unqhénged.étarting materizl, Further attempts &t '
cyclisation viere unsﬁccessful..

5-Hvdroxy-3-methyl-5,6-dihydro-pyrido [1,2-a] thiazolo[k, 3-c]

pyrazidi-inium Dibromide (XCII; R=Me, X=Br)

<

A mixture of 2-methyl-l-(2-pyridyl) thiszole (XC; R=He) (0.85g.)
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and bromoacetzidehyde oxime (0.76 g.) vas heated on a boilin
water bath for 1% hr., and then allowed to stand at room

' _tem?erature for 23 hr, The resulting gum was washed with ethe
"'and dissolved in concentrated hydrobromic nmd (2 ml.). ‘this
solution was sét aside for 5 hr. at room teﬂnefl' atuce vhen the

addition of acetone precipitated the crude hydroxy dibremide

.(xcn ; R=Me, X=Br). The amlytical sample of the dibromidje was

crystgllised from concentrated Pvd_r'om‘omc acid-acetone, and had

m.p. 253-255 (0.63 g., 3% (Fownd: C, 33.5; H, 3.7; ¥, 6.8.

il7l27272

'C..H, . Br,¥.0S. 1H.0 requires C, 33.2; H, 3.5; ¥, 7.0%).
~Hethyl-5,6-dihydro-oyridoil,2-alshiazolofl, 3~c] pyrazidi-inium

r

Dibromide (XCIV; R=Ke, X=Br)

e
n
[0
2
o
o
<t
£
O
(4]

containing a miviure of the base (XC; R=ie)
(1.72 g.) and aibromoetkhane (2.05 g.) was heated for L days a

11207, . The reaction mixture was cooled, washed with ether and

'.-ap. 278" (1.75 g., 48%) (Found: C, 36.1; H, 3.b; M, 8.2

Cqqt _12 23*'28 requires. C, 36.3; H, 3.3; .\?,_7.7%); A max

24.90sh. , 2530, 3030 £ (1°°10C 3,87, 3.88, L.27).

© 2-Methyl-pyrido [1,0-2]thiazcl olk,3-cl uyrazidi-inium Dibromide

(1T 1..e. R'—rI x—Br)

A suspension of the hydr roxy dibromide (XCII; R=ife, X=Br)
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(0.6 5.) in phosphorus tribromide {5 ml.) was boiled under reflux
for 1% hr. The reazcition mixture was ccoled and filtered and the
rezidue weshed with acetone. Crystellisgtion of the residve from
concentrated hydrcbrouic acid-ccetone af‘:o:c_ea the arcmatic dibromide,

(decomp.) (0,38 go, 865%) (Found: C, 35.5; H,

R.p. > 320

CqqH, BTN, 5. FH,0 requires C, 35.6; H, 3.0; N, 7.55%);

11730772

N.HC1) 2520, 2580sh., 2760, 3060, 3190 & (log

4022, 3,84, 3.87).

1-Acetonyl-2~k~{2-methylthizzoiyl) I pyridiriun Bromide acnl R=R' =Me)

mixture of;the base (XC; Relie) (0.54 ge ) and b*omod.ceuone

™
>

(0.51 g.) was homogernised on a hot waber bath snd set aside for

.L

1L days at room temperaturs. The reacticn mixture was washed with

;

ether and the residue cryst gllized from methanol-ether yielding the

. (o)
monoquaternary bromide as colourless plates, m.p. 200 (0.85 z., 87%)

(Fownd: C, 45.75; H, L.3; N, 8.8. G ,H 37,08 requires C, 46.0;

127132
H, L.2; N, 8.95%).

3.5-Dineth; 1—:),7*‘1‘.0 [1,2-a]thiazololl,3-cl pyrazigi-inium Dibromide

(II; R=R' =I=;ie , X=Br)

(4]

A suspension of the l-acetonyl monogqueternary salt (XCIII; R=R'=He, X=Br
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The rez oulon LlF ure was cooled, Tiltered

residue from concentrated hydrobromic acid-acetone afforded the

sromatic dibromide (II; R=R'=Me, X=Br) m.p. 291° (decomp.) (0.23 g.,

) (Foung: C, 37.k; H, 3.55. C JH  Br, NS . 4H,0 requires
C, 37.hs H, 3%} A L

( -IO € -}—1-061'. 1-:-5-58, 1}021-5-, 3098\0

(“l

1 PP nacyl-2- [ -nethyluhlazolj1;]Tyrlaln;om Bromide (XCIII; R=}e,

R':Ph, ¥=Br) : ' - I

A mixture of the base (XC;' R=ie) (0.89 g.) and & -bromo-
acetophénone (1.09 g.) was heated on a boiling water bath.for 2 hr.
The reaction mixture was weshed with ether; the residue crystallised
from methanol-ether as colourless needles, moD. 220_—221o (1.43 go,
755%) (Founad: c 54 2 H, &.1; N, 7.35. 17 i) s BrN 08 requl i res
G, Blrale; Hy L,0; N, 7.59%).

The Eicrate, prevared by the addition of agquesous sodium picrate
to the bromide, CrVShal1lg & from ethenol as yvellow needles,
ReDe '194-195° (v-ouna C, 53.3; H, 3.0; N, 13.2. 02,-1_,.e 0g8S

. requires C, 52.8: H, 3.3; N, 13.4%),

3-¥ethyl-5-phenyl-pyrido [1,2-5s] thiazolo[k,3-c] pyrazidi-inivm Dibromide

A susvension of the l-phenszcyl monoguaternary salt (XCIIT; R=ile,

X=Br)  (0.27 g.) in phﬁsphorus_tribromide (5 ml.) was boiled under

111




refiux for 5 min,
the-residué washed with
fron cone

aromatic

The reaction mixiture w

entreted hvdrcbromic acid-zcetone yielded *
4 v

2560,

S, bkl H, 3.9; N, 5.3. u17H143r2N23.
H, 3.75.N, 6.0%); A max (in N, HC1)

,",(10510 E ‘,+052, -’1'-131’ L;-o()),

" Atte mpted syn thesis of Benzolb] dipyr

61.° (decomp.) (0.12 g., 45%) {Pouwnd:

1.0 requires C, 43.9;

2780sh., 3260 £

iacil,2—a : 2',1'-c! ovrazidi-inium

Dibromide LXXXIV; R=H, X:Br)

A mixture of phenanthroline (1 g.) and bz omoﬂcn%aldehy&e cxime

g.) vas homogenized on a boiling

(o 78 g

stand at room temperature for 2 dsys.

-y L
Haver

The resulting

was weshed

with ether, dissolved in concentrated hydrobromi ic a01a (& m1.), and

heated on a boiling water bath

The addition of acetone

precipitated the crude hydroxy dibromide which proved difficult to
crystallise and vhen & suspension in phosphorus tribromide wies

intractable

boiled uander reflux an

Attempted synthesis of

d:?‘k sol'aa wes

obtained.

5-¥etl yl—benvo[b]d;pyrido[112—a : 2',1’-c]

pyrazidi-iniuvm Dibromide (LXXYIV;

B=lie, X:Br)

A mixture of?phenc line (0.98 g.)

was heated on a2 boiling wgter
aside at.room temperature for 24 hr.
woshed with ether a2nd an attempted cry

afforded an intractable tarry mass.

112

bath until homogeneous,

:nd bromozcetone (0.87 g.)

’y



cyl

1-Phenacyl-1,10-thenaathrolinium’ Bromide (XCVII; R=Ph, X=Br)

A mixture of phenanthroline {1 z.) =nd W -bromoacetonhenone
- \ S -

(1 z.) was homogenized on & hot watler bzth and then set aside for
2 days at room temmerature., 4% the end of this time dark red

»

crystals had appeared which were washed with ether end crystallised

from methanol conteining decolourising charcogl. Recrystallisstion

3 zZ. H N\
C, 6J.3, A—i, L'- 0 N’ 7011'-%10_
The picrate, prepared by treating the bromide with agueous

sodium picrate, crystallised from ethancl as yellow needles,

m.p. 213-214° (Found: C, 58.8; H, 3.2; W, 12.7.. Czéﬁi%H50é requires

c, 59.2; H, 3.25; N, 13.3%).

The hydrobromide (XCV"LL, R_Pn, ¥=Br) was- prepared by heating a

l\

susvension of the monoqueternary bromide (0.15 g.) in concentrated

ath-for 2 min, The

(o]

hydrobromic acid (& ml.) on a boiling water
reaction mixture was cooled when the addition of acetone afforded

the brOLlQG hydrobrom:de whick crystallised from concentrated

hydrooromlc acid-ethe nél as yellow plates, m.p. 220 (decomp.)
(0.16 g., 88%) (Found: C, 50.5; H, 3.6; N, 6.15, C,pliy B0

H.0 requires C, 50.2; H, 3.8; N, 5.9%); A oy (AN H,0) 2620sh.,

£}

2720 £ (Logy, € k.51, 4.60).

‘The monovicrate, obtained from the bromide hydrcoromide, by

addition of aqueous sodium picrate to the hydrobromide, crystallised
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ound: G, 58.9; E, 3,25;

from ethanol as brovm needlss

7

This picrate was found to be identical with the picrate obtained

N, 13.5. Gy N508 requires C,

directly from the l-phenacyl monoguaternary salt (LXX; R=Ph, X=3r).

5-Phenyl-benzolb] dipyridoll,2-a : 27,1'-c] pyrezidi-inium Didbromide

LXXXIV; R=Ph, X=Br)

A suspension of the l-;henabyl monoquaéérnary bromide (0.49 g.)
in phésphorus tribromide (5 ml.) was boiled under reflux for 5 min,
The reaction -mixture was cooled, fi}tered, and the residue leached
with ethanol before recrystallising from methanol. The afomatic
dibromidé.c:ystallised 2s brown plates, m.D. 270° (aecomp.) (0L g.,
77%) (Féunai C; 50.3; H, 3.5; N, 6.1. GC..H, 6 Br N, . -2320 requires
G, 50.2; H, 3.8; ¥, 5.99; A ___ (in H0) 2550gh., 2700sh., 2870,
3200sh., 3580 & (1og,
. 2-(2-Pyridyl) oxazole (CI; R=H)

€ 4.18, k.29, 4,50, 3.60, 3.66). .
' «

The synthesis of this base was first attempted using the method

Y L
. N - --8)!-' 5 1. 4 +~h + ‘
described by Dadkheh and Prijs™ , and, although these authors report
2 yield of L7%, only a very smell amount.of black oil -was obtained

after several attempts. The 0il could not be distilled, as a %ar

was iormed on heating.

85

Another procedure, a patented method ~, involved a slight 7

.. medification of the previous preparation, and using this latter

! process it proved possible to prepare a smell amount cf pyridyl oxazole.




The azomethine (CII) (10 g.) was treated with concentrated.
_sulphuric acid (42 ml.) at 0°C aﬁa phosphorus pentoxide (17 g.).
After heating the mixture at 120° for 20 min, crushed ice was
adcéed (500 g.) and the solution neutralised with concenirated
a2501iﬁm hydroxide before stesm distillation.

THe distillate wes extracted with ether and the extract
?;évaporated yielding a very s£all'fmounﬁ of the base., 3By heating
a mixture of the base and > -bromozcetonhenone a colourless
:cnystalline solid was obteined, crystallising from methanol. Ehe

frared spectrum of uhis salt compared ﬁell with t“e'énalogous
1-phenacyl-2-(2-thiazolyl) pyridinium Bromide (CIII;R=H, R'=rh,

X:Br). The bromide was treated wiih agueocus sodium picrete and

5

the precipitate crystallised from ethanol but there proved to be

insufficient material for ana alyiical purposes,

'

s,
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INDEX OF COMFOUNDS
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moounds described in the experimen

l-Ageteonyl-2 -[?-LL.-“'a hjlthiazolyl)] Dyridinium Browide
1-isceton ]l 2—[ ~(l-methylthi azolyl)| pyridinium Picrate
i-icetonyl-2- f'v L—{ 2-methyl tlﬁ.a.zo].*-rl).l pyridinium Bromid
l-icetonyl- —[Lg.—\2—ue thyl !u.azolyl)} oyridinium Picrate
1-tcetonyl-2-[2-(h-phenylthiazolyl)] pyridiniun Bromide
1-icetonyl-2-[2-(L-phenylthiazolyl)] pyridinium Picrate
i-fcetonyl-2-(2-thiazolyl) pyridinium Bromide -
1-icétonyl-2-{2-thiazolyl) pyridinium Picrate -
Bromoacetaldehyde oxime -

_ 3'r"o...or..c\,uor!e -
T 2-(w —Bromcacetyl) pyridine -

L 5,6-Dihydro-pyrido [1,2-a]thiazolo|2,3-

5, 6—;)1nvnro--> ridoll,2-althiezolo|2, 3-clpyrazidi-inivn Divicrate -
= s 2—C,

yl-pvr1do[l ?—”]uh“a7010IL

-
W
]

o]
!_l-
i3
()
Cl
D

tal section

1 Dibromide

5-Hydroxy-5,6- olhve_.r'o-uyudo L'l 2-9]'1:_1'_ azolo |2,3-c] Dyrazidi-inium
Dibromi.de
5-Hydroxy-5,6~dihydro-pyrido [1 ,2-a]+.1'- zolo [2, j—c] pyrazidi-inium
" Dipicrate
~Hydroxy-3-nethyl-5,6-dihydro-pyrido [1 D-a] 01@2010 [2 3= cl
pyrazidi-inium Dibromide
5-Hydroxy-3-ne thyl-5,6-dihydro-pyri co[ ,a-a] thiazolo |k, 5-c)
pyrazidi-inium Dibromide

3—1‘ ethyl-5,6-dihydro-pyrido f_ —aJt hiazolo l_2,3-c] pyrazidi-i

3-lethyl-5,6-ainydro-pyrido ofl,2~a]thiazolo[2,3-c] oyres

idi-inium

Dipicrate



pyre.m di-inium

5-tethyl-5, 6—D1hyaro-’3y1".:.d [1,2-2) thiazolo [k, 3-c .
Dibromide - 109

3-Hethyl-5-ph enyl-nyr:.do l ] thizzolo [2 , 3-&:] pyrazidi-inium
Dibromide - 10k

3-tigthy Jl-p-phenyl-byrldof i ')—a] thiazolo {2 ) 3-c] pyrazidi-inium
Dipicrate - 105

3-Hethyl-5-phenyl-pyrido ['l 2-'] thiazolo [L ,5—0: pyrazidi-inium

3-lethyl-pyrido |1, 2,3-c| pyrazidi-inium Dibromide - 102
yL=DY. 9 A

[ ) I PR
c‘l
|.v
(1)
N R
@]
|_I
o O

12,3
3-Hethyl-pyrido [1 2-2 [2,3-c]lpyrazidi-inium Dipicrate - 102
5= 3-cl

Methyl-pyrido [1, 2-a] hiazol yrazidi-iniuvm Dibromide - 109

5-Methyl-pyrido [1,2-2]thiazolo [2,3~ chy‘r'az:Ld_-l.ua.n Dibromide - 99

2-Methyl-l—( 2-pyridyl) thiezole - ‘ ' 96
2-Methyl-4—(2-pyridyl) thiazole Picrate - - . 96
L-Methyl-2-(2-pyridyl) thiazole -. , , ol
L-Methyl-2-(2-pyridyl) Monohydrochloride - o)
1-Phenacyl-2-|2~(k-nethyl thiazolyl) | pyridinium Bronide - 108
1-Phenacyl-2-[L~{ 2-methylthiazolyl) | pyridinium Bromide - 111
1-Phenacyl-2~-{b~( 2-methylthiazolyl)| pyridinium Picrate - 111
1-Phenacyi-1,10-phenanthrolinium Bromide - 113
1l-Phenacyl-1l,10-phenanthrolinium Picrate - 113
1l-Phenacyl-1l,10-phenanthrolinium Hy drobr-o:'i_de - ii3
1-Phenacyl-2-~ [2—(L-,—phenylthiazolyl)_| pyridinium Bromide - 107
1-Phenacyl-2- [2-(4-phenylihiazolyl)] pyridinium Picrate - 107
1-Phenacyl-2-(2-thiazolyl) pyridinium Bromide - + .~ 100
1-FPhenacyl-2-(2-thiazolyl) pyridinium Picrate - 100

5-Phenyl-benzo[b] dipyrido|l,2-a : 2',1'-c| pyrazidi-inium Dibromide - 11k

12



Ps,
No,
3-Ph eny1-; §-dihydro-pyrido [1,2-a]thiazolo[2, 3-c] pyrasidi-inium
: o Dibromide -
3~Phenyl-5 6-a_uyaro—ny~1do l—" 2 2-2 ‘ thiazolo |_2,3—c_l Dyrazidi-inium
Dipicrate -
5-Phenyl -pyrido[l 2 J hiagzo lo[_,J-clpjrazid_—¢n1um Dibromide -
5-Phenyl-pyrido[1,2-a) thia 10[9,,-c]qy idi-inium Dipicrate -

L-Phenyl-2-(2-pyridyl) thiazole -
L~Phenyl-2~( 2-pyridyl) thiazdle Monohydrobromide -

L.-Phenyl-2-( 2-pyridyl) thiazole Hono methiodide -

-yr1ao[1 2-a]uh_azolo[2 3~ c1pyrazidi-i"ium_pibrom; e -

ryrluoLL,Z;a]thlazololz,B cipyrazidi-inium Dipicrate -
2-(2-Pyridyl) oxazole -

2-(2-Pyridyl) thiazole -

2-(2-Pyridyl) thiazole Picrate -

Thiopicolinamide -




