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ABST.'\.ACI

l-Azaphenotni-.azi-ne .r,\ra.s 
;orepared_ by d_irect tirionation of

2-anilinopyridine r^¡hile 2- anð. 4-azaphenothia.zines r.,,rere ob_
tained by dehyd.roharogenation of suitabry substitu.bed_ phenyr_
thiopyrid.ines. The 4--azaphenothi-azíne T¡ras obtajnecr in smalr
o'uantities only and no cleriva,tives r^Ìere prepared.

Ä series of r-o-dialkyÌaminoarkyr derivatives rrere pre_
parecl from both 1- and- Z-azaphenothiazines, using sod.amid.e as
the cond-ensing agent with appropri-ate chl0roamines.

BÍs-quaterna.ry salts of the lo-diar_kylaminoa LkyL_r_aza_
phenothiazines lrere then obtained. by treating the ro_dialkyl_
aminoal-kyl-L-azaphenothiazines ¡,,¿iih ø ¡¿,r_d j_bromoalkanes 

" 
. Ini_

tia^l problems J-n purification of the bis-quaternar)¡ com;oour:ds
Ìrere eventually overcome by using a modified_ mixing technì_que
-to ensu:'e thoroug.h mixing of the reactants.

The sa.me þE-qua.ternarjr salts of the d_iatk¡rlaririnoarkyl_
Z-azaphenotlhiazines were attempted and these gave resur_ts
simila.r to those obtai-'ed during earry attempts -bo pre,Ðare
the þ!s-qua.ternary salts from the dialkyiaminoalkyl *L-aza-
phenothiazines. some of ihe products a:ralyzed wefr_ for the
expectec] bis*quaternary sa,rts, some a:raryzed. *rerr as mono_
qu"aterna"ry salts and. some 'i¡/ere obviously mixtures. The l_irnited_
mate'ial available d-id not permit resynthesis o:fl ,che entire
grou-p by the rater used mixing modir^ication. orre member of
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I. Ii\T'IRODUCT]IOTi

Since IB9I, when methylene blue l¡as first used, pheno-

tiníazi-ne deriv¿,tives have gradually increased. in irnportance.

Torla.r¡ var-i oltg nha"nn*l.ri o,z.iv¡o Árrroq cro rrr, 1-1¡able thefapeUtiCMØJ V AI Mp prrvrrv

a.sents in manv areas of med.icine. rlheir maior uSeS are based

rr-.ìôrì ai thar thei r trancluillr -r - ^ ^¡+ j i^r staurinic or anti-I../.!UII çI UIIU.L t¡].rv+¿ *IZIIIð t é.!L u¿Il¿È

emet j-c properties "

''¡rrhile the phenothiazines are vafuabl-e drugs, they are

al-so potentJ-ally dangerous arÌcÌ have been known to cause side

effects. It is for this reason that there is still a great

need. for better d-rugs.

There are several instances in med.j-cinal chemistry

where the substitution of a pyrid.ine ring for a benzene ring

has prod.uced a more active compound.. I-or exannple, ít is well
ln)

kno'wn that the increased- effectiveness in Pyribenzafiinet--'
/p\

(f ) is a-ttained. by excnanging the -chenyl ra.d j-cle in ¿\nterSan\"r

(ff ) f.or a pyridyl radicle. 'Iherefore by replacing one of the

.ñê-ary.ê-nc ri¡p's 'i -n -hha nrno-nnfþjazj.ne nuCfeUS With a pyfidínewvLL-vllv ¡ rlrõu

rYTT ^vLL¿

I
rITf, -/r vLLt

iV-CHz-CHz-iVt cu5

ft,n,\-/ I\-:- I .ri_
i"l -CI-i2 -Ct{ z-L( 

"'"'
tcu5

I

\l¿o II



ring an attemPt has

nnrnnnrrnd.q nre based-v vruìrv \4¿qu

(rrr, IV, V and- VI).

to produce better dru-gs" Such

tlre aza$nenotTt:-azr-ne nucl-ej-

2

been ilad-e

on one of

I

if

VI

,Qor a cletailed. d.iscussion of

type of compor.rnd-, see .A.ppend-ix I.

1 h-'-- r^a.n^+lai,-L-.i|L A p iler IU r,lII AZ l-i1e

2*Azaphenothiazine

7 
^-'-.-l^^ún''l-ìni 

-) - Az A p ile ilo v r LL àz L'ne

 -Ãø,aphenothiazine

<i(
\-\,OA¿

I

H

TII

iV
I
l

H

V

T
H

AT

C()ö

\

the nomencl-ature of this



Comparisons of Phenothiazines with the Corresponcling

.A.zaphenothiazine DerivativeF

Friend (1) has statecl that three things shoui-d be con-

sj.d-ered. in the development oÍ' new phenothiazíne d.erivatives.

These are:

l. Is its J.j-ver anci bl-oodL toxicity lower than that

which has been observed for potent phenothLazínes su-ch as

per;ohenazi-ne?

2" fs there l-ess extrapyrinrid-al activity prod.uced.,

even when the dose is raisecl- to ten to 'uwenty tities that

recomrïend-ed?

3. Does the new phenothÍazi-ne have u:rique properties,

such as tranquiJ-l-izi-ng action, alone or v¡ith antienretic ac-

tion, i'rainl¡r antiemetic ;oroperties, a nore selectj-ve anti-
nr-r:ritin aetirrit¡¡ or a hetter antihistai;iinic actiOn Witl: leSS

sedative effect?

The structural change from phenothiazine to azapLteno-

thiazine does not seem to be too considerable, but it results
j-n a marked Clifference j-n the pharmacological properties of

the two. Various azaph.enothj.azj-ne deriv¿itj-ves have been

shown to be superior to the correspond.ing phenothiazine com-

porrnd.s (z,3) 
"

Figrxe I shows the increase in antihistaminic effect

caused by substitution of the azapLtenotLtiazi:ne nucl-eus for



-4-
the phenot¡:i.az::ne nucleus (Z). 'Jhe effectj-veness of Intazo-

/.-\IHìl-ine\^/ is taken as unity. t'wenty, therefore, d-enotes a¡ti-

histaninic effectiveness twenty times as strong as that of

Antazoline.

o/r
o'/*

{¡
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l-.l rh
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R = IO-A¡ninoalkyl Side Chain

(Chemical structure of Radical, R)
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The pnenothiazine d-erivative prometltaztne (Phenergafi\"'/ )

(VII) is a good. antihistanìine drug but it nas narked. central

sed-ative action. 0n the other hancÌ, the corresponding L-aza-
/p\

phenothi azine d-erivative, isothipenctyl (Therunistin\o/ ) (''¡f f f )

is a very potent antihistamine drug and iras very little cen-

traJ- sed.ative effect (Zr4rrr6r7).

1..
CI+2-C112-CH2-\

IX

Prothipendyl, in fact,

the phenofli-azLne d.erivaiive

ô rT-vLLt

fr IfvLLT

C(:r)
| .cEl

rr-ü-vtt t

ñTl _vLt t

/ut"1
Cl{2-CH-i[

t\I nã-
gH1 vLL'

VII

Isottripend"yl has been reporieci

serj-ous toxicities, ¿lcute or chronic,

i
al'i ^ ^-LT 

1\Tvlrl -vJ.r-r!
t\| .{ Lf-UIJ..<çn3 -'/

VIII

to be devoid of any

and is rvell tol-erated-

by atJ. age groups (6).
/r¡ \ / ¡ \

The d-rug prothipend.yl (Dominal\ñ/, Doninex\^/) (rx)

structurally resenbles promazine (sp*"ir"" (R) ) (x) ; however,

it is much more active.

or:r)
l7
ÇiI2-ÇËb-CHu -iV\

IL

constitutes an improvement over

c?rlorpro mazLne (largacttt (;t) 
,
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(XI) which is verY much more Potent tharr promazíne (5, B'23)"

o(:)).,
| ,CH3
CH2-aH2-cH2-\ 

cäz

XI

lühite prothipend-yl resernbles chlorpromazi.ne in activity,

it is better tolerated, ]ess toxj-c and ¡rore agreeable to the

patients in its effects (A). The sid-e effects produced by

the ;ohenothiazLne compound are largely absent; there are no

parlcinson-l-j-ke effectsr ño signs of allergy (rash, urticaria,

etc. ), no jaund-icer ho detrimental effects on the blood-, liver

n-r' l¿irlnorr frrnction and- no orthostatic circulatory di-sturballces
v ! rl¿u¡rv J

(g,9,for11 ,L2) "

Prothipendyl also shows rtany advantages over chJ-orpro-

mazine, which are listed- below:

l-o Prothipendyl shows a greater therapeutic margin

than chlorpromazíne and. airpears to be well tolerated- (15)'

2. It is relatively more active than chlorpromazíne

orally, presenting the advantage that oral treatment may be

used in the beginning in mod.erately severe cases (f4).

3" It is better tol-erated- parenterally (f5)'

+. It c¿i:r be used- in patients who are highJ-y allergic

to chlorprorr'azj'.ne (fz) 
"

5 " the action of prothipend-y} is fully maintained- from
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the onset of treatment, while

tend-s to fall off after a few

l¡ ¡ ¡ r \tf4rJ2/.

the action of chl-orprolnaz'ine

'l ^-.^ n..ri.n... ]-n rn-?ri *rr-*ì nn(,|ctJ Þ t UW-LrrÈ; Uv lld,w¿ UudL u!v¡r

6. There is less initial- sedation of patj-ents r'¡ith

prothipendyl than i^rith ch-l-orpromazíne (14) .

7. The hypnotic effect of prothipendyl is described"

as much less pronor.rlced- ¿ìÊd of sLrorter d-uration than that of

chJ-orprom¿2ir¡.e, thus leaving tire vast naiority of patients

able to took after themselves, even hlith higher doses (f5).

B. The hypotensive effect with prothipendyl is some-

what l-ess than wj-th chJ-orpromazíne (16)"

9. Prothipendyl is better tolerated than chlorpro-

mazine for surgical prened-ication (17)"

Structure Activity Relationships in Quaternary Ar-Iqonium

Comnounds

Since the phenoi"nj-'azj-ne nucleus occurs in a wide ra;nge

of d-rugs r.¡ith numerous uses, it would- seem d-esirabl-e to in-

vestigate the activities of phenotlni-a.zine and azaphenot'hiaz-

ina *rr.na rlrrroq in VafiOUS Othef aT'eas Of med-iCine. Ihe Syn-lllv uJ _L/s ur uóÈ

thesis of cluatern-ary annoniurÂ comporrnds woul-d" Serve Such a

purpose, Since these d-rugsr âS a class, poSSeSS a wid-e Spec-

trurn of activity. Quaternary ammonium compourids are used as

nuscarinic and nicotinic stimulatj-ng and. blocking agentst

neu.romus cvJay blocking, antihypertensive and- antispasmodic
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^^'^'^¿^ ^^ --^r-l as for other miscellaneous tlses.d.8çlr uÞ r d,Þ r¿1Js-l

(a) Factors Influencing the Bonding of e_lQuaternary

Aryqq4l

There are a large nurnber of factors which influence the

bond.ing of a quaternary comporrnd- to an anj-onic site. ilowever,

onJ.y three of the more im;oortarit ones wiJ-J- be d.iscussed- here.

These are lipophilic bal.ance, charge on the oniurn nitrogen

and steric factors.

À high lipophilic bal-ance will- result in rapi-d passage

of the ions through membr:anes a-nd- a greater l-oss ¿:.t inactive

sites. A J-ow lipophilic balance wj-lJ- h¿"ve the opposi-te re-

sults. Thus it ì-s important for a quaternary a:rr:rioniun com-

pormd- to have a bal¡;nce betu¡een the lipophilic and lipophobic

portions of the molecufe"

The higher the charge concentration on the quaternary

nitrogen, the greater wiJ.l be the strength of the electro-

static bond, actj-ve or inactj-ve. lhe positive charge can

L^ *^Ài-É'-i^^ ^.re¡_,¡tlr¡ bv tlre SubstituentS attached. tO it"r,rç j.rrvL¿-Lr -Lçu ð¿ va vLJ vJ urrç

Ëubstituents containing rrpirr electrons cl-ose to the

nitrogen l'¡j-l} crl.use d.elocaJ-izati-on of the positive charge due

to resonance. For example, a phenyl group attached to the

quaternary nitrogen wil-l tend to spread tire positive charge"

Therefore the further the ammonì-um group is away fronr the

source of rrpifr electrons, the less interactj-on there vrill- be,
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consequently there wj-ll be a greater ;oositive charge on

nitrogen.

il quaternary corapormd l,¡ith srlal-l alkyJ. substituents on

the onium nitrogen, such as tetra:lethylamnionirrm, can approach

cl-ose to the anionic site hence becoming relatively strongly

bond.ed to the site. Bul-kier groups around. the arunonir.in nj-t-

rogen sterically hincler the nitrogen, preverrting it from get-

ting cl-ose to the anionic site. rrlying backrr two alkyl groups

2s in nvrrolidine or nineridine wi].l Teduce Steric hind.raflceqp ¿tr yJ J r vrlu!¡rv

a.nd. allow fornation of a stronger bond. !ühile the use of

arr unsaturated. ri-ng such as pyridine reduces the steric bulk,

it also spread.s the positj-ve eherrge due to d.elocali-zalLon

and any benefj-ts obtained from the saral.l steric size ¿re great-

Iy outweighed. by the fact thet the positive charge on the

ammoniuro nitrogen is d-ecreased. (23) 
"

The fJ.exibilj-ty of the appendage structure also plays

an iniportant role in influenci-ng actj-vity. A molecule which

is capable of flexing can exj-st in many d.ifferent conforma-

tions and. therefore will be capable of combining with a lvid-er

variety of receptors than a molecul-e of more rigidly fixed

conformation. À nore rigiO. structure wou-l-d show less in-

discriminate bond.ing to rrinactive sitesrr and. therefore would.

show an increase in potency. A rigid structure, on the other

hand .woul-cÌ be more greatly affected- by small structural
- / ^- \ch.anges \'¿t ) "
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(¡) Neuromuscul-a.r Bl-ocking Agents

The prinary requirement of a neuromuscular blocking

agent is a strongly basic center capable of pernanent exist-

ence as a positively charged center (24).

hlith few exceptions, the most active synthetic neuro-

muscu-l-ar blocking agents ü.r'e those conpounds which contain

tri¡o quaternary nitrogen atoms situated at a maximum distanee

apart of approximately fj-fteen angstrom units (27r24r25r26)"

In the polymethylene-þþ-trimethyl-ainmonium compourrds

(tire frmethoniumrt compound.s), maximal neuromirscul-ar blocking

activity is obtained. when the two onir;¡l heads are separated

by a ten carbon niethylene chain (27r27 r28).

lhere aTe but fer¡ restrictioris on t]:e other substit-
uents ¿ttached to the quaternary nitro5enr anct these have

been previously mentioned. ( charge on the amrnoniuin nitrogen

and. steric factors). lhis is illustrated, by the vast cliffer-

ences in tr¡¡o active compo-rmd-s, d-ecamethonirrm bro¡licle (Xff )

and- d.-tubocurarine chlori-de (Xfff ).

ÇH7 vLL)

¡,t
CHl-Il-(cllz)19-irl- CH5 .2.8r

(1"îJ -vLL)

XII



\//

\

-u--

¡ lVJ-

XfII

/\(c) Ganglionic Blocking Agents

In monoquaternary compounds, gangli-onic blocking acti-

vity in general- i-s grea"tly influenced 'by minor structural-

changes, Three or four substituents larger than r:nethyl on

the onir¡m nitrogen usual-J.y provid.e ganglionic blocking char-

e"cteristics.

taval.l-ito and- Clray (21) have sr.¡mrnarÍzed. as follows:

"Sympathetic ganglionic blockade appears to be optimum alûong

monoquaternaries havj-ng structures whieh provide a weJ.J- d-is-

tributed intenned-i ¿lte d.egree of steric hind.rance to close

approach of the onium nitrogen to the receptor. The inter-

medj-ate d egree of steric hindra:rce concerned, appears to in-

volve approximately a ttl,,'o carbon depthr around the nitrogeT]

atom, The presence of n-propyJ- (or tonger) substj-tuents

rather than isopropyl, ethyl or piperid-inium provJ-cles rela-

tively inactj-ve compourrd"s. It thus appears that if the mono-

quaternary nitrogen ca-rr approach to a receptor at a rC-Ir

OH

1

ì

iÌ
i,i

.l
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distance, a stimul-ant response is incluced; a 'c-zt d-ep1;h of

approach provides blockin¿; action; a 'c-3' oi: g;reater distance

proba-bly reclu-ces i;he electrosiatic bond.ing; force su-fficiently

to limit act.ìvity. "

GanE;lionic 'oloclcing :igents of the bis-quaterna.ry ty_oe

fall into tr,^¡o general classes (Zg) t those in which block-in'p;

activity d-e,oencls u-iron the leng.th of the cha.in connecting- thc

ti.vo nitrog;en atoms, auiì. those in which :rctiviiy is relatively

independerit of the lengtn of the Ìinking chaj-n"

com,lounds of the former type are general-ly those r;'rith

sma-ll grou-ps a.tta.ched. to the oniurn nitrogen such as the meth-

onium compounds. i,Iembers of the ]atter cl¿ss ha.ve a i¡id-e

variety of la.r'ger substituents on the arrrmoniuro nitrogen"

Gifl (Zg) suggested the follor.ring expla-na.tio¡1 of the

cli-fferences between 'che compound.s of the two classes: "It
ì ^ ^".^,-^o*^¡r -hhot cnotrrt nholi_ne acts on p;anglia by combininglÞ ÞL¿È;ËUÜ trliu urf,CL u áuv uuv rvr!!

reversiJ:lv in¡ith an a.niorric g;roup ivl a pro'uein constituent of

the s¡rnaptic membrane, ancl that this coml¡ina-tion interf eres

l,¡ith the interaction. of neighborinp; ionic groups in the pro-

tein So causing a. reversible¡ rearrangenent of tÌle second-ar¡r

ôr. tprti¡rv nrotein structures r^ihich allow cì"epolarization of
vv¡ v4slJ È/

the mernbrane to occur' .l3is-quaternarlr compounds of the firsi

type are assumed- to combine similarly with an ace'cylcholine

recepior, but t?ie postulated pro'uein rearrané"einent is pre-

venteil b¡r fþs sirnul_ta.neous combination of the d-rug t,riih an

adjacent a-:aionic grou.pr So Ïhat the ;orotein ís 'r,em;oorarily
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f lockedr in its restii:rg configuration.

Compourrcis of class two, by virtue of their large quat-

ernary groups are regard-ed as being unable to approach the

acetylcitoline receptor c].ose].¡' enough to cause the ;oostulated.

protein TeaTraxLgement (although they hind.er the close approach

n-F ¡cetr¡l chol *'^ ^ \ -Lr^-+ no t I oeki ns I mechanisn need- beu! 4vç uJ lvrtvr-Lilc / , Þ\J Ulld, tJ Jlv 4vvr\¿r¡ó !

invoked- and. the activity is consequently independent of the

linking chain.tt

In the ruetnonir.m compou-nd-s' optimum bJ-ocking activity

is obtainecÌ ,;¿hen tire rileih;,"1ene cnain separating the two onium

heads is five to six carbon units long (3Or"slr52r5';)"

TTnsrr-rnme-1;ri n:-l hi s-nltaf,ernn.rw comoolrnd s : rl'oear tn beufIÈJIlUlV U! JVq! V¿Ð-Yus uv¿¡fØa

more selective ganglionic blocking agents than symmetrical

nnm-nnr¡nÄ qv vluì, v

There are three factors l¡hich influence activity in

tlre u:rsymtnetrical bis-quaternary compou:rds, thre small oniu-rû

he¡rl the 'l inlrì'np' ch,'¿.in arrd the lzrse onium head-" A two tollvqu t v¡tv ¿¿¡¡rlr¿rõ

three carbon tinking' chain appears to be the optiroum for long

<i.uration of action (Z+). the small onir.:n heacl should- pre-

f orqhl r¡ -ho tr.ì rnotltrrl arrrrnôn ì rrm or mcthrrl -n-r-¡øn-l i Ä i n i rrm ,Ihe
JÇJ 4VfJ VV Vr IIIIÇ VlLJ L U.rl[uvr¡!Wlf VI UIV Vt¡J L PJ rtr v¿¿v-!rr!l^¿r'

criteria for tire large onium head- have not yet been establish-

ed" i{owever, it is knovm that it si:.ou-l-d preferilbly be planar

\¿)).
[he .o.re-l- -nani fi ai -Fr- '+ r-ì^^ "- ^-'--'^+3i ^-1 ^nr'-"11¡11flgtt* *4 tJ bf)çU-LIJ(z-L UJ UI t/ll(j (,t]-lÞJuuus UL Lv<2L uvlulJ\

sugð-ests, that the two rece;otors 'üo whic?l the bis-cluaternary

are attached-, trave d-iffereni structural requirements (29).



_L3_

f J-ockedf j-n its resti,:rg confì-grrration.

Compounds of class two, by virtue of thej-r large quat-

ernary groups are regarded- as being rrnable to approach 'che

rnotrr'l nnn-ì i7rê y'Ênêj")tor cl osel r¡ enor:p'h to ¿râìrsê ihe nostufatedcLuç uJ !vf,fv+r!¡v I çVV}/ UV¡ V!VpulJ v¡rv 4b¡r

;orotein rearralgement (although they hj-nd-er the close approach

n-fl anetrrl chnl i'^ ^ \ -Lr^^r- ïro 1f ockingl mechani-sm need- bevJ e.wç uJ rvr¡v¿lIlu / , Þ\J t/lrd, tJ rrv ¿v v4¿trb

invoked. and. the activity is consequentÌy independent of the

Iinking chain.tt

In the ruethonÍr.¡m compor-lndsr optimi;m .blocking activity

is obtainecl l.¡hen the rilethylene cnain sep:Lrating the two onium

heads is five to six carbon r-rnits J.ong (1Or7trt2r73) 
"

.Unsymmetrical bis-quat ernary compound-s appear to be

more selective ganglionic blocking agents than symmetrical

nnnr-nnrinÄ cvvruPv

lirere are three factors l'¡hich i-nfl-uence activit¡r in

the rinsymrnetricat bis-cluaternary cornpounds' the small- onir.un

'l¡^.>Ä .l-l¡a 'i i nl<ì n,E. chi;-i n anri the I ar.c'e onium head-. A twO tOIIt'd,LL 9 UIJÇ ¿lf¿l\rltõ vIaøIII (xru vrrv Je¿ Þv

three carbon linking' chaj-n appears to be tire optimurn for long

duration of action (l+). the snall- onium head" shou]-d- pre-

f atoh'l r; 'ha t-i rnatllrrl :rnrnÕn i lrm Of methf¡l -'-'-¡øn-l i À i n-ì rrm tlhe
Jef'AUIJ U(J UI'*-.-- --*d- --'-.------wu vr !rç v¡¡JL -PJ ¿!v¿¿v-rt¿rwuo

criteria for the large onj-uxÌ head. have not yet been establish-
pr] . T{nr.rr.rrar- it is known that it sl:ouJ-d preferably be planar

¿!v YY 9 v v+ ,

(21)"

rilho r¡1',at* o-non-i fi n-i -hrr nf 'l:he lrncl¡¡¡-.^l-rì n-ì ^n,'.r'nç31SgÒ* -3, U tij)eUIJ-IUJ IJJ \J¿ uJ.r\t ullr)f,Jrillllu t/r ru4¿ vvuiJr

Suggests, that -bhe -bwo receptors to which the bis-quatern-ary

aTe attached, Ìrave d.j-fferent structu:ral requirernents (29),
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(d) Chol-inergic Blocking A"gents

It great many comporxr.ds nave been prepared. which possess

parasympatholytic activity, but there still- renains a lack

of structure activity correl-ation.

In general a structure whicli contains an asyTnmetric

carbon aton has a greater cholinergi-c blocking activiiy than

an analogous synnetrical coropounct. Ä irydroxy group v¡hiclt is

a fixecì d-istance from the onium nitrogen is favorable for

increased. activity aLnd- also cotrpound s with maximal- activity

usually contain at least one cyclic substitution (15).

l''i'nen a compor-tnd- can exj-st in more than one op-bically

active fort, oue opticzLl isoner is usually more aciive . than

the oiher. lhis dj-fference may be a resul-t of their combina-

tion, in one forur or another, with anotner opticatly active

substance to forn diastereoisomers of clifferent physical

properties ?se).

In the rüolecule of a pàrasynpatholytic agent, long et

aJ.(15) have postulated four structural el-ements which serve

as points of attachment to a receptor surface. Tirese aret

the cationlc hea.d- (tire onir.¡m head.), the hyd.roxyl Sroup (pro-

bably tirrougn hydrogen bondj-ng), the rresteraticrr grou.p when

^-^-^- + --'î the nr¡c-l i r: s¡'t-lStitLrtiOnS..VI (7ù9tt U 9 ArU UM VJ V¿¿v Ð4L

Figure II shows the proposed receptor d.iagramatically,

r,rith a mol-ecul-e of l-hyoscyarnine attached (35). The number-

ed. sites represent rr;oocketsI in the receptor structure to
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Site I has a diaroeter of about t-v'ro to three Angstrort

units and- the distance bett'¡een sj-tes I ¿r'nd 5 is about fi've

to seven A,ngstrom ixrits. [he esteratic site (site 2) does

not ¿ì.ppear to be necess¿j-ry for activity, althrough several

active compound-s contain the esteratic grouro. At feast one

cyclic structu.re is reo,uired.. Iiovüeverr it has not been de-

cicled, whether it shou-l-cl be saturated or unsaturated for op-

timu¡i activitY"

(") euaternarv Asmonium Cholinesterase -fnhibitors

It is generally believed. that cluaternary aÍìmonl-um

compould-s inhibit acetylcholinesterpse by competing with
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acetylcholine for ì;he anionic sites of tne errzyme. Once 'che

inhibitor is adsorbed on the eilzyme, it prevents hyd.rolysis

of acet¡rl-cholj-ne by hinclering its approach to the enzyme.

this hj-ndering effect is accomplisheci by el-ectrostatic

repulsion betl,ieen the posiiive charges of the inhibitor and-

å.cetyl-choline, or by tire bul-k of the innibitor covering the

esteratic site ('s7 ,'58r42) .

In a bis-o;uaternary compound- there is a gradual- in-

crease in anticholinesterese activì-ty with increase in the

lengtlr. of -ûhe hyd-roca.rbon chain separating the tr'¡o onirm

Ïre¿r.d.s (1gr4;-). Activity appears to be optimum i¡¡j-th rigid.

suitably situated. structures approaehing planar a¡d. dome

sha oeri confipu.rations (40¡ .

the most important factot, hov¡evez'' appears to be.the

li,oophilic naiure oil the 'çerninal substituents (4Or+Z)" It

seerûs that increased lj-pophil-ic character of the ter$inal

group is associatecl iuith increased activity. Th.e optimr.rn

'l innnh'i l i c 'renrlirer¡ent has not been established as yet.4¿yvfJrr!¿¿v

A stra"nge feature about cholinesterase inhibitors is

that the activity appears to be greater v¡hen tþe cationj-c

eharpe on the ni trogen is rnore d.iffuse (or ]-ess conceniraied.).

(f ) Quaternary Parasl¡m'pathomirnetic Agents

At least tlvo metiiYl

choline-l-ike activity of

45) " there are, however,

grouils are required for ace-byl-

quaternary aürmoniur¡o salt Ë (47 
' 
44 t

a few niinor exceptions (29r46).
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Parasympathomimetic (acetylchol-ine-1i-ke ) properties are

generally favored by the presence of a sterically unhind-ered.

meiirylene "neckl' l-inking the trinethylan'lrooniuin group to the

rest of the structure (23).

The parasympathetic nervous systen is divided into two

branches, mlrscarinic and nicotinic. The muscarinic part is

that branch vrrhich is stinrul-ated by a dose of muscarine. the

nicotinic branch is stimulatecl by a dose of nicotine.

The relationships between structure and. nicotinic ac-

tivity are relatively obscure and are mainly concerned" i¡¡ith

alkyl compound.s (47 r49r49). In the c¿rse of muscarinic acti-

vity there J.s a J-ittl-e more structure activity corueJ-ation;

this again invol-ves mainly alkyj- compounds (5Or5tr52r51).

As in the case of cholinergic blocking agentse â rê-
na-ntnr. thonrir Ìras been d.eveloped- for rnuscarj-ni-c agents (4f ,vvy uv¿

54rr5156rr7). This receptor theory is mainly based. on evi-

dence obtained from stuclies of acetyl-s-methylcholinet

acetyl-B-metirytcholine ancl muscarine (5+ r55 ,56) " Diagra-

mmatic representation of the receptor i-s shown iri Figure
| ¡¡ - À r-rrlt \4L,r4,>'o.
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FIGURE III

Qi l-a I - Anionic cavity negatively charged to accommoda-te

the quaternary nitrogen.

2 - Positively charged- point accoÍunod-ating the ether

Iinkage of muscarine or the ester linkage of acetyl-

chol-ine and- its homologues'

Site 5 - positively charged area Io accornroodate the hyd-roxy

group of muscarine, the carbonyl group of acetyl-

chol-ine and- its analogs or the d.oubl-e bond of furarl

d.erivatives of muscarine '

\a 1ô

this
any slight
affect the

receptor appears to be very highJ-y specific and

modj-fj-cations in the muscarine moJ.ecule greatly

activity of the comPourrd. (55).
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Quaternary Phenothiazine and Azaphqrothiazine Derivatives

(a) Siructure Activity Relationships

The quaternizati.on of physiologically active pheno-

thiazines, afl of whicir are tertiary a.nines, usually prod-uces

compound.s with d-ifferent pharmacological properties. Gener-

ally speaking, quatern:-zati-on enhances tne neurotropì-c anti-

spasmoclic effect, whiJ-e the nusculartropie effect is d-ecreased.

Antihistaminic actj-on is also generally d.ecreasecl (54¡.

so f¿rr ¿s it has been d,etermined, simple structural

mod-ifications in the nolecule clo not influence ganglionic

hl ock-i n¡" a.ctirri trr i:o anv p're¿t e;ltent ( ig ) .vlv v¡!!:f õ øv u! v ¿ vJ¡

Alpha-uiethyr branching appeal's to enhance ganglionic
'l-,t nnl¡i n cr :in11 nârar q.\--Íì ôâ tirol ir*i a ,¡ nl:i rri *¡r Beta.-metlfVl bfanCh-|JIUUÄ-L]Ió cj'Ll\I rUd,-L 4rf,J rlrtrJa u!¿v¿J uru Gv ur v ¿ uJ ' uv vq u¡v ert.) ¿

ing has tittle effect on gainglionic blocking activity bu-t it

reduces parasympatholytic activity (51,00¡. If the alpha

branch is increased from methyl to ethyl, parasympatholytic

..-^+i--i J--- ; ^ l, ' l 
'^\ec-tavr-'Ey l-s rosT \ou/.

In the case of ganglionic blocking activity, ihe length

of the chain connecting the phenothi-azíne nroiety to the oniulr

head does not seem to be too irnportant. Til-e nature of the

free alkyl groups on the cluaternary nrtrogen does no-b a.ppear

4-n Ïra ôë im'¡rn.nJ:r¡nt irr thp nhenothiazine Sefies¡ äS in the(rU L/\= d.Ð allrwv! vcur u rrt ur¡v

aliphatic series of ganglionic blocking cgents (59).



20-

i'lith an unbranched al-icyl chain separating the pheno-

t.n;-azine moiety uncr the onium he¡"ó-, ganglionic blocking

actJ-vity is rectuced wÍth the irrtrod-uction of a car'bonyl

oy¡.ìrr r T'n tho crl:¡hq-rnotlrrrl lrrnqnnhprt nnmnnrrnri q - 1-.hc -'n'l-; --i -+---
ðl--Ul.,L-.Jo Jl.l UII9 vvrurJVwluÌ:, UIrç aU U-LV-L UJ

.i ^ ñ^+ -r^,,+r r. influenced"Iì) lIU U öa ('i:r- UlJ

tr'igure IV shows the effect of ltJ-alkyl substituents and-

branching of the alkyl chain on gangl-ionic blocking activj--
, /-,-\ry \>9)"
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(U) QuateI'nary Phenothiazirre Conpor.md-s

Ihe general structure of quaternary phenothj-azine derí-

vatives which have been prepared are shor,rn below with their



conpound I (59,60,6L,62,6i r66)

Slr.I
lllrrl
\-'\rulV^

Þ_I I /"r
c_cHr_1rI_ R:
ll \o--

¿L Iu/

Thre nature of the qu-aternary nitrogen Ìras been varied to a

i,ride extent anct both cyclic and- straight chain substituents

have been attached to the nj-trogen. In general, this type

of compor.md exhibits antispasmod-ic activity"

22-
principal physiological action, where reported..

Conipouurd 2 (64)

C(Ir)
| ,/--at/\cwzl ) tzHlc 

\ / *l 
- -rrrr-

\- ¡¡¡_ gH2 _cH2 _ñ (^"',',t
v )LL^
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i.ilttl
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l, -ilã", l,,E *l, rrr-[n,
çtL1 eH1

iìr i!
: r.i.,r

ì., ;i

l.ì,1

(YYi \
\--\roM---

| +r'H3 ,
CH2-CH.2-I!.- CH2-C-OCLÌ5 

" Cl*\
vLt,

exhibits antispasmodic and- antihista-

N
I

N
I

CIt2-CH2-itT

this type of compound

mini-c activity.

Compor.urd. 4 rc7)

CHc
4¿r

latr \CH2-CH2-I\- (CH2)tr-OH . Cì--
\

cË7

This type of coropound has antihistaminic activity"

Compound 5 (68,69r70 r7Lr72,731

This general type of compor.rnd- has been formd to possess Sang-

lionic blocking and. neuromuscular blocking activityr d-epend-

inE on the size of rrrÌtr.

\
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ôn-- n,.-Ä c ln¡\uufup()urr(I o \t+)

^.
tttlr_illv\

ì' cI-Ic cliz| +/ ' +./ /
JH2-CH2-1{¡ ( CHù 5-N - 0H5

\a,*- \.r,t--vn1 vnl

This compound is a potent choJ.inesterase inhibi-tor, out it

is too toxic for human nse.

Compound T fi7)
t\r-\

l ll " lrrrlll
\.."^-N/'V cH.r * /---) *.^

cH 2- c 11.2-t" t,\ 
:T 

z - cu z :mr-,J
vL' cTl

'Ihis type of compound has ganglionic blocki:ng activity.

The following seven types of compowrd.s ha.ve been pre-

pared but there is no mention of their pharmacological acti-

vJ-ty.

Compound B (75)

Z->/ t\a\-
l' ll ll -l 

^."Ti^-*^t'2\,r\ N)\y')- c=i\-N-0-cHz-\c-H: cr-
I

H CH3 vtLS
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Compound- 12 (Ze¡
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/ a^ \uompowlo. J-, f /ö/

- I 1A /ryn\UoIt"PoU4q- !!rl \ tY )

Only a few quaternary phenothiazines àre used clinically
/p\

ancl of tnese, SecergaJr\"/ is the most important. CheiLLical-ly

Secerga:r is 1O- ( e-Aimethyla.rninoprop j-onyl) -phenothiazine
. / -¡++r\metnOþromLde t¿\l-V/ "

Z>,-t--'-\t il il 't

vt-ñt\?"=
I + ,rcHl
c-cH-tv- cH, , Br-
0 cwj cH7

XIV

Secergan is a potent anticholinergic agent, kravirrg a

marked. affinity for the gastrointestinal- tract (B0rBf rB2rB7,

g4).



Tt¡o other ouatern.;ry
. /--,\naniirm (XV) ancl mephasine

asthmatic ¿'nd anti-tussi-ve

27

nhenothi¡z,ines used. aTe thiazi-
/..'--- \(XVI ) " Thiazinanniun has anti-

f 
^- ^- \ac'Er_vrty \öt, õo sö ( ) .

(YSìñ
\''^r{ry^--

| ç /ut')
C.np-CTl-riJ -CHï -Br-

1., tc'='
vn1 )

XV

/\(c) Quatern¿;ry Azaphenotþiazine Compounds

Rel-atively few qua.ternary azaphenotniazj-ne conpound-s

have been preparecl and al-l- of these are simple salts of J-O-

aminoal-kyl-I-azaphenothi azines, such as lO- ( 5-aimettiylarlino-
- \ . /--..----\ /^^\propyl )-L-azaphenothiazine (XVII) (BB) .

(ASì,ì
\-^ 

^/.
| + .cz$l
C-CH2-i{- Ci15 "C}I5S04-il \^ ..
^ v2n\
\J¿

l(ur
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*'' iltill./< 4' \ i\l-I!
vff 4'+/ )

. Br-

C(:
CLIp - CLlp -Cr:z -Itl - CtI¡\

/-\'1f, -v.LL t
Írur

Pharmacological stuciies on this type of compouncì. have

^r^^'- r-1^"r- ^"'rternization of a:ninoal-kyl-L-azaphenotltiazj-neÞlJ-\.J tIIL UIIC¿ tJ l¿ l¿d, Uçr LlLþA UIVtf v

d-eriv¿iives result in ina.rl,;ed- decrease of sed¿',tive, catale;o-

ti r: - .adr-enol r¡t'i n nnrer^lrono'l rrti r: - :ectrrl cnolinic irnd- va..ool v-VJç, øu¿ V¡fv¿J u!v t

tic activity (3). It iras been found that cluaternization

also recLuces the antihj-sta.riúni-c activity of this series (2)"



IT" SYT{TTIESIS OF 1ËIT S.ZAPFIEI{OTHIAZII\E Ì\UCLEI

1'h.ree general methods have beerr used to prepare the

azaohenothiazine nuclei. Tirese are

1. 'Ihionation.
/¡ \r ^ñì17ê I ñônlrn- 

^tî 
aLõ rLlilõ V¿VÈUI u \qvrtJv-I vl¡cLI\/é91¿<1 UIUII/ !

1" Srniles Rearrangement "

Direct Îhronation

Since pl.enothiazine can be prepared by fusion of c1i-

phenyJ-a:nine with sr.rlphur (g9r9O), re,oJ-acement of diphenyl-

a.rnine by a suj-table phenylpyricl¡r-l¿¡1ine lright be e:rpected'to

proc-Luce the azapheno'thtaztne nucleus.

Tn L945, Petro'r,r ¿ncl Rewal-cl (lf ¡ urt.srÌccessfully attemp-

ted. to prepire Z-azaphenotiria.zine Ð.nd 5-ní'cro-7-ataino-L-aza-
phenothiazíne from the corresponcliir.g phenylpyricl-ylamines.

They re1:orted- Ina.t they .i\rere una'bl-e to convert the dipir.enyl-

a¡-Line analogs into aza..-rh.enothiazines by the knol^rn stanci.a.rd

r,rethod-s, such as fusion with suJ-i:Ì,ur in ortiro-d-j-crll-orobenzene

in the presence of iocline.

I-Ãza,oltenotiriazine ( III ) is tire onl.y azalsihenotn:-az::ne

whicir has been 1..rre.1_:ared by direct thionation. It is prepared

fror.l 2-anitino-,cyrid-ine (X'Ufff ) a:rd sulphu-r, u-sÍng iod.ine as
| /^^ ^,\a catalyst (BBr92,93r94) " 'lhe ad-clition of the ioctine ceiia-l-yst



30-
lowers the tenperature and tine reo,uirements a:rd improves the

yield. (g¡). The iodine rnay be replaced by aluminj-um chl-or-

id.e. Both the ioo.ine and sulphur may be replarced by sodium

thiosulph¿te if the heating time is altered (95).

t.

N
H

I

Q--.,{) s/rz >C(
H

XVII] III

It has been reported that Z-anLJ-:-nopyridine can be

thionated using either suJ--rohur dichl-orid.e or disulphur d-i-

chl-oricle (95) . äor,vever', in attempts to prepare L-azapheno-

tlriazine using s'urlphuz' d-icir-loride, a black tarry irass was ob-

taj-ned which yieJ-ded- only a very small aruount of product".

Phenothiazine can be obtained j-n al-most r¿uantitative

yield by the reaction of d.iphenylanirie witir the theoretical

<¿uantity of sulphur rrnder the catal-ytic i-nfluence of iod-ine

(g9r9O). In the synthesis of L-azaphenothiazine from 2-

anilinopyrid-ine however, i-f. a theoretical quantity of sulphur

is used, a black mass is obtained f'rora whj-ch only about 2 per

cent of the product can be isolateo by vacuum distill-ation"

In ad-d.ition it was noted. that l:yd-rogen suJphide evol-ution

beg:n at a tenperai;ure tOOo higher than in tire synthesis of

phenothiazíne (Ae).

By varying the reaction cond-itions, Schu-Ler and i{lebe

(88) succeeded- in j-solating L-azaphenothiazine in up to 60
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1L-
per cent yield- (baseci. on unconverted" 2-a,rilino;oyridine)" Ikre

¡rno-{- -i ¡,rrnpto'¡t C}r:-iff.¿eS inVOlVeCL tlfe USe Of eXCeSS 2-anilÍlfO-Ur\,Þ U IlUrV\/.l. Uéüf,tU vtt.L¿!{:çù !r¡vv

pyrid.ine, carefr-rl regul-ation of' the reaction -Ûemper..ture and

isolation oÍ' -bìre prod-uct as the hyd-rochl-oride (L-azapheno-

tbi-'az:-ne is a weaker base than 2-a:rilinolryridine).

Attet,'pted. s¡'nttresis of L-azapnenot'oíaztne using ;r-riienol,

2-antinonl¡rídir^ -"r ^]¡'¡r-¡ -'^d iod-ine or aluminium chlori-de l,rasL 4rrrrv iJJ r ¿slrLv t È UaIJf rUL AlL

rrnsLrccessful (94) 
"

Substituted. L-azaphenothiazines can al-so be prepared

by d-irect thionation. 8-l.lethyl-tirio-l-aza'pnenothi-¿z)ne h¿Ls

been ,orepared- from 2-(3-tetÌrJ'lthiopÌr.enyla.i,rino ) -pyricl-ine (:0; 
"

In the ea.rly stages of the present stud.y' nulrerous

stte:r'nts rrê'ì.ê i,.=rd a tn (rr^ên;rre 2-a.nilin6prrrì r'l i ne :¡ q r'l i rected.a u uç^rIì, vÐ rJvr v .Irføuv uv yf vIJa¿ v

in the literature (97,9Ar99,100) " ,loi,rever', a't best, only

snall yield-s of i rl.cure produc't i,,Iere obtained" "

2-Amínopyridine anrj. bromo- or iod-obelr-eÍ\e r¡er-e he¿ited.

at various temperatures for varying lengths of tíne '¡j-th

sod-ium orpotassium c¿ìrbon¿r.-be in the presence of copper.

Variou-s riethocls ( crystallj-zation, f rt,cti-i;nal d istillation,

subl-ination and- coJ--t:mn chro¡ratography) r'.iere eiriplo;rsf, in an

eff ort i;o isolate tire prod.uct f ron the reaction rtix'üure. In

att cases little or no 2-a.'.rílinopyridine vüas obtained"" !'llren

the reaction tine lvas increasec-L to thirteen hou-rs a fairly
-r .\-ál..^ ô-"^."..+ nf 2-f i r.rhenr¡l amirrn¡rrri fl i ne i,¡AS iSOlated.f cl,-L ðÇ ú[;U UJ] lJ U! ¿-sIyltçrrJ J@u!¿a¡vlrJ r !v-r¡tv

Ihe synthesis of 2-anil-inopyri-dine by rei;.cting the 2-

arninopyrid-ine wj-th sodairlide follor,¡ed" by tire add-ition of



-)¿
bromobenzefle a].so'oroved- unsuccessful.

In atterapts to ìorep.ire 2-anilinopyririine by condensi-ng

plrenoJ- ?"no- 2-anino;oyridine in t?re presence of zinc cirlorid-e,

a bl-ack gïrft,1y t¿.r resulted, froiii which no characterisable

nro''lrr nt nnrr-l d be iSOlated.l/¿ vs4v

FinaJ.J-y l-¡.rniilopyricline Ïias aLcetylateo- (fOf ) anCr a.rr

attempt rvas r¡ade to condense 2-acetylarnino_pyridine l,¡ith iodo-

benzene in the roresence of potassium c*rbona.te and- cop;oer to

irr.n¡ì¡rna t'.1 -onaf1¡f-2-ani]in6¡imidine^ l\Io icl cntifi:rhlc ôrod.ucts4rr¿¿rtvlv a ¿l v ¿uvf¡ u¿! 4øv!v ìi,'

coul-d be isolated- from the reaction riixture.

At this point j-t i,.ras learned- tnat 2-anil-inopyridine

coulct be obtainect froin a custorn manufacturer (Atctricn Cirenii-

cal Co" ) thus enabl ing the synthesis of L-azaphenothj-azine

to be caruied out by this rnethod

/-. . - | . \
rLJlrÊ< VJU rJ ul s \sçf r.y ur vlf ø,f U ar /

1-, 2- end-  -azaphenothiazine have been prepared by

cyclizi-ng substituted phenyltiiiopyrid-irres containing a.rr amino

and a bromo group ortho to the suJphur"

/\(a) Synthesis of l--Azaphenotlliazine

The preparation of L-azaptrenothiazj-ne (fff ) fo:-tows the

schene shovrn in Figure V (t}Zrl-O5).
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The 2-chl-oro-3-mercapiopyri-dine (:CfX) can be prepareci

by diazotíza.ti-on of 2-clr-l-oro-J-atninopyridine, conversidn to

the xanth¿r.te ;*td- hydrolysis" fhis j-s conci.ensed- witir oriho-

chloro-nitrobenzene (XX), in the presence of souir.;-rn hyd.roxicìe
f ^ \ 

^to 3-(Z-nttrophenylthio)-2-c"rlorop¡rrid.ine (:gf ),',r'irich is
next red,uced to the anine d-eriv¿rtive (¡'*Xff ) aincl cyclized. to

L-azaphenotníaztne (fff ) ¡V the acLcrition of' soctiun hydroxide

to the reaction mixture"

B-Chloro-I-a.za,oltenotTttazine ha.s al-so been preparecl by

this nethod using 2:5-dichloronitrobenzene (fOZ 
'LOS).
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The synthesis

ioetîr.od. fol-1oi¡is the

14-

/¡ \I h I SrrÌîtnêq-r q O-f 2-i\ry,nilllcnoihiaZine\ v/

of Z-azar:henotrri¿,-zine (IV) by this
/- ^^ - ^-\er..LLå.Î1-oias l-n -U'l-E1lre Vj. {.IUZrJ.U4r LO, )

SH
'r

Br

cr-

021'i- -,qjp'
JC{III )OilV

H

IV K{VI

}-IGU}ìE VI

The 2-brorrrothiophenol (;Clfff ) can be prepeLred. by the

d.iazotization of 2-bromoaniline, conversion to the xa,tthate

rend hyd.rolysis (105). The syntìresis of 4-chl-oro-}-nitro-
. t- ^- - ^^\pyrl-Cll-n-e l-S a ï/"O S-Cep reAC-úl-On \IU)rIUO, LQ Isluö/. liíLe

first ste;o is the nitration of |-(fn)-pyridone to {-}rydroxy-
3-nitronr¡ri d i ne. Ïhe SeCOn.l c-i:on 'i rrrrnì rrag tlfe Ci:_IOfilatiOn

nf L-l¡vrlr(\:rtr-zt-tri trn-nr¡r.i rii ¡ro tn :ri .rrlrrna /t ^u -l ^--^ 7 '^: ¿-'ur .f -rrJ vrwrrJ -/ y& vuwve +-C.íif Of O-)-íLL\TO-

/ -----.-- \ .-"lryrid-ine ()CilV). 'rire chi-orination is carriecl out u-sing

.ohosphorus ;oentachlorid-e ani;ì- phosphorus oxychloride and the



E

p're;,tr,-st diff i nnl tr¡ ênrlôrjn'j;efed- in tjf.e reaCtiOn iS -bhe fe-¿ar u._. uuJ u v-!!r¿vu¿ uJ

nroval of alJ- the phos;ohoru-s pentachJ-oride. If it is not

con;oletely removecl before the final distil lation, i-b then

su-blines, plu-gging the d.istillation a,cparatus. /+.s a resu-l-t,

the vacuu:n clrops ¿rnd- the uaierial- being distilled superheats

and. d-ecomposes" It has also been reportedt that smalJ- alnourrts

nf nhnqnhnrrrq nrn¡chl ori d c i - r.r^^ '^-^'r"^+ retard- the conclensa-uI IJIJ.U ÞIJ]¿L.,l l¿Þ t.,f rLJ ul.LJ-v-L -Lw-v II.L ulIç }/a vv-uv u

tion v'¡ith 2-bro¡rothiophenol (f05).  -ChJ.oro-1'nLtropyrid-ine
j-s a lachryrcator *rrd- a powerful skin irritant.

The conciensation to forn 4-(2-Arorno,ohenylthio)-3-nitro-

nr¡ri r-l-.i ne IXXV) nrocee6 s rrer., r--.-i it -t r¡ c,-nrt *-i.ra nrnrlrrnf nbtaineClyJr-Lu-Lr]ç \l\.¿\v / ìJlvvvçuÐ vurJ ro-rv¿ulJ øtlv- ulrv rvrvu4v u v

i- ih - f.-'-ip] r¡ -i1Fô -FnrmIÐ LL! Q L'äILLJ yur I rv¡uo

The 4-(Z-brono;ohenylthio )-1-nttro;oyridine (rlCV) is re-

duced- r,rith stannous chloride and. hydrochloric acid to the

amino d-erivative (XXVI). [he emino, d-erivative is cyclized-

v¡ith either cop.oer bronze or cuprou-s iodide in rV:i\--dimethyl-

formamid.e in the presence of sodium carbonate. An alternate

methocl is to use acetamid-e in the absence of solvent (105)"

the a¡oine, (rCçVt), cen a.l-so be cycLízed with copper po'.Àrder

and potassiurn carbone.te in i{:I\-d.imethylformamid.e (tOZrl-04¡

LVY)"

Saggioroo et al (105) have reported that the cycliza-

tj-on to Z-azapltenothiazine (fV) proceed-s best with no sol-

vent and that higher yielcrs and- a purer product are obtained.

they al-so reportecl that the cyclization to B-chl-oro'2-aze-

plrenothi azine proceed.s better in N:i\-d irnethylformamid-e "
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Saggiomo et a]- (105) usecr- 'a Large sublimation ap;oaratus

in which to carry out 'r,he reactj-on, sublimi-ng the ;or'oCuct

after cycLization rvas completed-.

¿{nother method used to isolate the product is to pour

the reactíon mixture into water, filter the precipitate a:rd.

recrwst¡11iv,e several- times. 'Ihis methoit is sl-ow and- tkre

yieJ-cls are f or¡rer than in the case of the sublimation (tOZ,
r 

^^ 
\LO4cf09). fn this stucly the filtre.te from the recrystal-ti-

zation w¿rs concentrated- and. i;he resid-ue \,vas distil]-ed- und.er'

1rârlrrrrìl to rri o1-fl an Orange Oil, b"Lc" 2QB-2L2}C./O.O9 rnrc. thisV d.LiLLtLttI tJU J Jç-Lq elL vL @tróv vII , U. -U o aWL)-¿

oiJ. solidified on standing, forming an orange sol-id. with an

ind.efinj-te nelti-ng r'¿Jnge a.nc[ onfy partia]ly sol-uble in cÌrlo-

roforrn" the ctrloroforrn sof.ubl-e ;oortion w:rs foumo. to be 2-

ar,apLtenotini-azi-ne and the insolu-bJ-e procluct r,,¡as not id.entí-

fied-. lLLe i-nsoluble resiclue r,,ias tre¿;ted- wíth charcoal end

recrystalLízed from ethanol to yield. orange platelets with

arr indefinj-te rireJ-ting poin-b above 22OoC. lhis chloroform

insol-uble orange sol-id- r,\ras probably some deconposj-tion or re-

aruangement prod-uct formecÌ cluring the distil-lation since the

resid-ue before distill-ation was totatly sol-uble in chf-oroform.

l-O-Dialkylaminoalkyt clerivatives of Z-azaplrcnothLazíne

have been prepared by a.ttaching the d-ialkylainino cha-in to

tha qrninn ;v-ôìr-rì n-i tho -r'rhon¡r-l thi nnrrridino iroì"nro nrrn-l iÞ¿ v 4j/ - -,r -*-ZIf!g

--i .]-t^ -^^¿ - ^^i --.-.\,"r-Lr,ri. Iru¡Ja.ÞÞrurrr carbonate and copper (109).
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(c ) Slmthesis of _4_-.¿zaphe4othia

llre sy;rthesis of 4-azaphenothiazine by cycLtzation of

the appropriately substituted -okrenylthiopyrid.ine proceeds
/- ^^ - ^, \.rôn^?rlr¡..f^ th^ ^^rìô1r^-^ 

ìh lt'r.,r1?ô \/ll I lll) lll/l Id,UU\JI uf !fe; utJ lrlf\t \t\l_ua U¿UII ft] J Iður ç V IJ- \-L\J¿., l-WLl J c

X>

{)

XXVIT

sr OZN

X,{VIIT

I

s

XXIX

}.TGURE VII

t\**arnnl-q tn qrrnthc<i,z.a 2-on1 a-na-7.¡i tr,nnr¡¡^i Iino IYXAITT )-cLv uvtll}J uÈ uv uJ¡rvlrup¿¿v L-efuv¿v-¿/-rLL urv}/J¿IUIIF \l!r\v¿!/f

ldere Lrïrsuccessfu-l-. In the nitration of 2-(IH)-pyrid.one (ttO,
- - ^\J-l-l-rILZ) only a very small amount of the d.esired- prod.ucte 2-

hydroxy-J-nitropyrid.ine, coul-d be isoJ-ated" The urain product

formed- was 2-hyc-roxy-\¿5-d.initropyrid.ine" ft was learned-

that 2-chloro-}-nitropyridine coul-d be purchased from an

English chemical- firm so this problem was el-iminated."

The condensation of 2-chloro-1-nitropyridine with the

XXÏ]I

N
H

V
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ortho-bromotlriophenol proceed-ed. cluicklyr âs in the case of

Z-azapk;enothría/-.ne, and- the ;orociuct obtained (XXVfff ) was

f li r'l rr rarrrê

In the reduction step with. h)¡drochaoric acid- and stanri-

ous chl-oride, difficul-ties were encountered. and a very irapure

product was obtaj-ned. CrystaLl-i.zatíon attempts ¿;nd- also

col-u¡n chromatography proved unsuccessful-. Efforts to cyc-

Iíze this im;oure product yielded, only a black tar from which

1L0 4-azaphenothiazine could l¡e iso].ated..

A methorL r,vhereby the amine coul-d be partially purifiecl

was final.ly worlced. out. This involved fractional- precipita-

tion from a hot concentrated. ethereal- solution by the adcii-

tion of' petroleu¡r ether. Cyclirzation of this partirilly puri-
f ^- ¡- fln \fied amine (m.p" 85-9I"C") to 4-azaphenothiazine r¡{'¿rs success-

fu-l-.

Ring substituted. A-azaphenothiazines have al-so been

prelrarecr by this method- (toe, LL5 1114 ) .

Srniles Rearransement

l'igure

arrangement

VIII shoi¡¡s what
f¡¡r 11a rrn\\_Lr2¡rr_orL]-l )"

is essentially a Smj-les Re-
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E{GURE VIII

In the above reactioir the product formed is L-azapheno-
. / ----- \thiazine (III)" This j-s the only parent azaph.enotni-az:-.net

as such, whi-ch has been prepared using this nethoo. Some

rirrg substitute<l- t- , 5- ¡,¡,nd. 4-azaphenothiazines have been mad.e

-ìñ +1,^-i ^ ..."^." t¡- ^'¿rr urr¿Ð rvaJ a,s I¡Ie-LJ \yrryo rIL5rll-6rLL/t 1l-BrJ-I9rf20).

Very few Srniles rearrarigements occur lzrJ-ess there is

some kind. of activation in ihe a.romatic ring structure (fef ).
In the case of L-azaphenothiazine the activating groups are

tho rri tv-n o'1.¡aì1.tzl errfl thO nr¡r.'i ^l 
ina ¡i l-¡næay¡,./ * l-LII-(le .(ÌJ- t/l'OgefLr
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It i¡ras necessary to acetylate the amino Sroup Ln 2'

( 2-arninophenylthio )-5-nitropyricline (XXXf ) because sulphid.es

d.o not rearrarrge r^iith a primary amino group present; how-

ever, they d.o rearrunge if an amj-noacetyl group is present

as in compound XI-{II (fZf ).
The actual T.ear,rà:ngement step j-s generally carried out

in a nitrogen atmosphere using an alcoholic solution of
,^^+..^^-"'."ñ 1^a?^1 /'- - 1a 

' 
r I n\poÏassl-um ny(If oxl-oe \l--12 , Jlo , LL I ) .

3-,\zap!]eno.hj.azíne

The parent J-azapLtenothíaztne nucl-eus has never been

nrênâ'ì,ie(l usillÁf â1'ì\/ of the above nethod.s.}/! vavø] vu up¿rtt> s!¡J

Àn unsuccessful atternpt was Inade to prepare |-azaplteno-

tl;ri-,azíne via Srni-J-es rea:rra:ngement (105 ) . In this case 4-

chloro-J-nitropyridirie (xxrv) T,ias condensed. lvith ortho-

aminothiophenol (KfX) to yield. 4-(Z-aminophenylthio )-}-nltro-
nrrridinp Th'i-s was in turn converted to the formamid.o d.eri-yJ r !urrtv. ¡t¡J

vative a¡d- the T'earriL:ngement wù"S atteropted.; howeverr no pro-

duct was obtained-, 0n1y l-nitro a¡rd 7-nitro-3-azaphenothia-

zine have been preparecl using Smiles TeàrlTa;¡1gement (9f 
'feO)"

Possibly the intermediate compound. for 5-azaphenothía-

zine d.oes not provide enough activation for the rearranöe-

ment to occur" 'Ihe adclition of the nitro group may give the

molecule ihe necessary activation pouler.

3-.Lzaphenotltiazíne has not been prepared- by d"ehyclro-
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L^r^,..^---+-.i^.^ ,-.^.r ^,^.i1^r^ ^,.-^-r.r'^-+.;^- :oul_d_ be in thelId,J\JðçLld. t/f trl--L d,llu d, -y\,/ Þ)f,J vJç ç/LlJ¿c;-tf d, {/IVIf \

mechar:"ism of its formation. Reactions of this type appear

to fal-t in the class known as activated. nucl-eophilic aromatic

substitutj-on. '.lÍith this in mind, the fol-Iowing scheme carr

be shoi,¡n for the sy'nthesis of 2-azaphenothiazine"

g

FIGURT IX
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In this case, tire 4-position in 4-chloro-1-nitro-

nrrr.irlinp (XXT\t\ i ^ -. ^+;.....r+^-l -i rrr *¡o n-r,thn-- i i-rn ô?^r1n andauJl -Lu-L-L-rç \-Àrrr v / -LÐ cLv uL v¿ uYtl- uJ trl¿v vl tJrtu-'Lr-l. ul v ó! uuy

: nrrrid-ine i¡itrnrren 'in tile ^¡^ir-ìn"¿ Sotl:. of tireseq rvJL Pú.LÕ. ,U\Jif,AU¿Vrr.

groups wauld- a.ctivate position 4 foy a nucleophilic substÍ-

tution. A simil-ar argultent can be applied- in tile synthesis

of 4-aza.ohenothiazi:oe.

IÍ' 7-azaphenotknàzine v\rere to -be prepared- using this

motlrnd l:he fir.st sten in the reaction wouJ-d require 2-IUV Vllvu, vlrv v v vvl/

bromotlrio;ohenol nucl-eophilically attadr-ing J- chLoro-4-nitro-

nvridine ¿t.s sl^^-r ìn Ïìi.,rrøa f,oyJ J Jqlrrv øu ualv vv¿t rrr ¿ re)4r v

SH
+

Br
+c]-

iSO2

XXIIT XXX]V

FIGURE X

XXXV

This reaction has not been reported in the l-iterature

and was not attempted in this present study 'because the

starting material, J-chloro-4-nitropyridine (XXXfV) rllas not

available. Ilith this compollnd" the J-position is activated

nnl rr Ìrrr tho ny-thn-ni trn ñh^ nni- 1-'rr lþp nrrri f ine nitfO-v * ultu-trJ uJ v 6r v t¿rv órru rrv u wJ vrrv yJ ¿ ¿uf frv

gen i¡rhicn is rjreta to the J-position. thus this compourrd-

presurnebly wouJ-d- not be activated enough to r.;Lndergo a nuc-

leophilic attack at Position 7.
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ProbabJ-y the greatest obst¿;.cle iuring tiris stuo.y wa,s

tho rl i ff i ¡r:l tr¡ e;¡neri enced in ourifrrinp !ìaIIV of the ttrOduCtS¿v4luJvrl}/vlljc:ltJ'|JL

d-escril¡ed." Sol;ie of the intermed.i¿tes required \4rere prelrarecl

accord-ing to rnetirod-s d-escribed ín ,oatents :"rld the necess¿ìry

pu::ifi-cation cla.ta were usule.J-ly brieÍ' or absent" Às a d.ir-

ect reslilt, synthesis of suff-ì cj-eni quantities of tire various

azaphenotniazine n.ucl-ej- provecl to be extreurely tir;re consurir-

ing.

Sonie of ti-e ner4r conpouncls pre,oa-red appeared. to nol-d

snall ar¡ou:rts of impurit;r tenacj-ous]-y and six or nore recry-

st¿Li-l-izations i,rere often reciuired before these cl-erival;-ìves

gÐ.ve slrarp ilelting ooints and- good- micro-analysis results.

In a fer,r cases, even ten or tl¡elve recrysta,Lliz,a1-"-i ons still-
yieldecì- ,¡rod-ucts r¡ith analysis data l'¡hj-ch l,rere barely a.ccept-

abl-e, al-thcu-gh there could- be no doub-L as to tire true iclen-

*-i *r¡ i'n oqnh r-'^ ^ ^ 
¿¿^- ---Lc. *n rr¡r-¡i -f-'¡r .r-¡n¡:lrra*c' -hrr nl-lnJaSe ' r'\IIeit:O-tS uu Pur.'l-ry -rJl'uLr-uu uS rJJ 1; trllell

tfìe:tilS (f:lffOit1:-l-^,"*.',''L' - fa...-^l-i,r ^.rl -a-¡aaì .i +.-l- j a'^ fefin*rMet¡f,ù \ur¿!vLAUVÈ;l4rvll-V, ¿f, c;U vLWt!O,L VaçU-LvM.ULW.LL9 LWILV

i.lg, etc. ) irere usuall¡r less successÍ'ul tn¿¿n re,oea.ted recry-

stal-lization" One of the J-ikely rea.sons for this purifica-

tio:o probl-ern ruas that starting matez:ia.l ancÌ 'üÌle e,xpected- _.iro-

d.ucts ì/ilere o-ften e;<tremely- siini].ar in character and- nence

h:rcL similar solubi-lities" etc.
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( a) lQ-Dialkylaningal-k¡rl Aza'phenothia.zine Deri]aatives

The l-O-dialkylaminoalkyl d"erivatives of 1- and Z-aza-

'phenothiazine lrere prepared in good yield. lvith sod-amide as

the cond-ensing agent. fiith the exception of I0-(2-dimethyl-
¡ ¡\aminoethyl) -L-azaphenothi azíne (XXXVI ), al-t of the amines

prepared. in tiris series were oils, and. it lvas necessary to

prepare solid derivatives for identification purposes"

(b) Efs- 10-Dial-kyþmino-

alkyl- Àz apheno thi az ine__Deg¿Va!_iveg

Since there Tras a possibility that the pyrid"ine nit-

rogen in the a.zaplnenotlníazíne nucl-eÍ could cluaternize w:-tln

the or:t¡-dibroiLro com;oourrd-, preliminary experiments were

carried out to d-etermine whether or not thi-s would. occur.

1- aricl Z-azaphenotniazine u/ere he¿¿ted- t¿itir the various dÍ-

bromo compounds. i{o c¿uaternÍzat,Lon occurred ¿'rrcl- the start-

i-ng material-s rrere recovered."

In add-ition, ultraviol-et spectral analysis of the bis-

quaternary compound.s i-ndicates that the pyridine nitrogen

dicl not react" ulhen spectra of the bis-cluaternary compound

and. the parent antine r'rere compa.red., both were f ound to con-

tain an absorption maximrm at approximeLtely -J2O ryt. Ilowever,

when l- a¡.d Z-azaplnenot}riazine r^rere compared. with their nethyl
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iodid.e d-eriva'uive, the peak in

to be absent in the quaterna"r'y

indica.tes th¿Lt th.e conjugatÍori

been affectecl- by qua.ternLzation

the r,epìon of 320 rcu was found--t--

nnrnnnr:nd s This l-atter reS-urlt

of the aron¿tic systen h.as

^-Ê +L ^ --'-ì i ; rì ê n-ì trOr"en i nv! UIIç PJ r lurra9 r¡¿ s¿ vóert ¿J

s'eh p, w.ar¡ t¡r+ +i^^ _1^^^ø_^+ion in the re¡¡-ì on of V?O nn haSÐ4V!r ø ur aJ u¿rc¡ u utlg d.uÐvI.v urv¡r ¿l¡ vf¡v r v6rvrr vr t-" *r

been renioved. Since, with the bis-quaternary compounds, the

np:rl. in thc reo'inn nf 32O lrp is stil-t;oresent, this r,vould¿__ *I

ind-j-cate tha'o Lhe pyridine nitrogen L\Ias not affected.

^ 
++^-'^+r tn nrê11âr^e the hi s-.nlqternarrr rlôrí¡f ôrlnri s in¡t t/ lJgLtU tJÞ t/U !¿ ç!éLI ç uttg Æ-Uu.7. UgIrIøILV vvuvvl4lqp

henzerte solution r/ilere r.trrsll-ccessful- and it was for::rd. ihat the

reaciion proceedecl best in the absence of soJ.vent. vlhen no

sol rrent rv¡s nresent - the {þann.. ^}r mi vi ¡ n Of the f eagtantSÐVMlt V vuQp yJ gÐgrr U, UtIç UIIV¿ vuõ¡¡ uJ^Itfõ

became very important. If the reactants r/Íere not carefuJ-J-Jr

mixed together, a mixture of prod.ucts r¡¡as obtained consist-

ing of bis- and. nonoquaternary compounds" The mixing ïIas

best carried. out by first d-issol-ving the amine ancl the di-

bromo com.Ðourrd. in chl-oroform and sJ-owJ-y allowing the chl-oro-

form to escape. lhe reaction mj-xture was then heated for

an hour in the absence of solvent.

Another important point in the preparation of these

anmnnrrnrlq ìq the ratio Of reactantS. At first, a prgpOrtion

of 2 noles of amine to I mole of d-ibromo compound. T¡ras usecl;

however this gave a mixture of mono- and bis-cluarternary

n nmrrnr rn Ä c 4l?" *.1lrse âll excess of amine l,Ias necessary and- a

7zI ratio of amine to dibromoalkane proved to be satisfac-
-EOry.
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All the compounds in this series lrere very hygroscopic

-¡¡l o'r -ì -*{-arn¡{s r¿t reervsta]-l-j-Zat1-On 1^Ie1.e ¡¡1S1¡CCçSSfUI . fnd.r¿u Õ,L-L Õ, u uçu}/ uÈ QU ¿ vv¿J p u(

order to obtain pure prod-ucts, it was necessary to have the

reactants in a pure form. 'Ihe ;orodu-ct lvas thoroughly washed

with d.ry ether to remove aJ-J- traces of unreacted. starting

materials.

A. m.mber of attempts were niad.e to purify the o,ua.ter-

nary sal-ts, by pre;oaring salt derivatives of different a-cid"s

(sucir- as oxalic acid-, citric acid-, maleic acíd-, picric acid)

but none of the "preparations was successfu-l-. The only salt

sr:cnessfirl -l r¡ nr^on:red r¡rås tì^^ -^'iø^^l'ñ+^ Aftev' reervSta]-li-È)uvUç'JÐ!u!!J.v.Lç'yaaçq!vaÈuIrUfUf,lfUUÀaUg.ðIvçfIçvrJ

zation frorn a mixture of ethanol, acetone anCL water, micro

aJralyti-cal results were poor alLd the cortpou.nd appeared to be

unstab]-e.

An alternati're attenrpt to prepare the quaternary hy-

d-roxid-e by the use of moist sil-ver oxide proved. unsuccessful.

fn orcler to characterize these compound.s, a nr"ìrober of

qir¡lrrsre s Ì^rêï¡ê nerí'ormerl (eolrirr¡'l ent rrei e'ht d.eternination andarrø+J È9Ð vvçr v ì/v-L -¡. \vvrv-¿

nr:r^-hnn-hr¡flr,n o'ê¡.t-T1i tr.,O¡:.en 2¡--1 -roao I nrnÄr. ^4v ¡r nn¡frr ^i n*-é"r-J Þv Þ / e 1-'rr wu r'/-CJ-flg UU-tII usrflg f e-

sults with the origina-L proctucts.

Ivjost of the bis-quaterl¿.Ty compound.s of 10-(O-:-aftyt-

asinoal]cyI) -L-aza;ohenothi*azíne vilere then remade using the

rnodified mixíng teckr-nique ir¡ith ch.l-oroforn, (r,rith the except-

i<¡n of coinpounds IIII, lX, IXII anct LXIII) ar.cl the analyti-

cal results r,^rere mainly satisfactory"

In the biÊ-cr,uaternary compounds of the Z-azaphenothia-

zine series, compourrd.s LXXIV, IXXV afld L,ç'CfII analyse as a



4"7-i¡

s ';ruc t ur e lililiVl I shoi¡n bel_ow"i'nono.c¿uaterna.T'-r sa.lt u 'cyi;ified 'oy

g tii
I r' ./CHz
CLI2-CH2-CII2-Ì( ---¿ (CitZ) 5-Br

vrtl

XXXVTÏ

Rv.

compounds T.,lixvr-F, LXXVrrf , and. Lxiíiir appear 'uo be rnix.'cur.es

of mono_- and 'r:is-quaternary s¿¡"lts. the anarlysis for comrlor'ì.nd-s

LiGTX a.nd LXXX show that these two compouncls are bis-qLratÈrnÐ.ry

salts.

lhe variel;y of cornpouncls obtaj-necl in the Z-ar-a,phenothia.z-

ine series illustra'ce very r¡¿ell the imporia.nce of ve,r'y '¡llorou-g;it

n'ririirE; of the rea.ctants 
"

Compound- T,liXVI was remacle usin¡:, tlie neroi technic¡ue for
rni>ring a.ncl good ana.Lytical results T^rere obtained-.

iíIhe qua"ntity of Z-aza,phenothiazíne avai-la-ltle ¿riid the

tirne factor ma.de it i-rnpossible to r:ema,ke this series
^-i" ^,--^^l ^,U-L UUII1UUT,|II-LIÐ O
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(c) Synthesis of Substj-tutec] .Aminoacetyt-

1-Azapnenothiazine Ðerivativsrs

Hany attempts were nad.e to prepare l0-chloro¿rcetyt-f-
azaphenothi¿zinex* (i,.,crxrr) using cirl-oroace.tyl cii]-oride, in
a marlner simil¿.r to the synthesis of l-o-chloroacetylpheno-

tlníazi'ne. The yield.s, using this liethod , r/¡ere unpreclictable

and- varied. a;nywhere from 0 to 40 percent. The prod.uct ob-

tained i^ras very impure and- purification was difficur-t"
A number of mod.ifications of the stanci-ard metho<l ïiere

lttrsuccessfully eri¡oloyecÌ in rrn atternpt to prod-uce lO-chl_oro-

a.cetyl-r-azapLtenotLtLazine in a pure form and in reasonabre

yield-s. These mod-ifications hrere:

l-. The ¡rroportion of chloroacelyl ciúoride lras varied,
along with the lrropor'tion of potassium carbonate.

2. Experiments r,^rere conducted using different sorvents

and- different solvent:reactamt ratios.

3" The reaciion temperature and heating times i{iere

varied.

xx The structure of the

of L-azaphenothiazine

it is referred to as

t\ti-azi-nett , since this

procìuct from chloroacetylation

is r:rrknolvn. For convenience,
f 

' l-0- chl oro ac e tyJ--l-az apheno -
Ì¡fâq t'¿ta ovrrontoÁ 'npnrl¡r^*vvs yÁ vs4v v a
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4" The added" base \¡ras cha.nged. to sod.i-r:m carbonate and.

sod.ium bicarbonate. Al-so, the reaction was attemrcted. with
no add-ed- al-ka]-i carbonates at a]-]-"

the best yielcl (+O%) rvhich could. be obtained was by re-
fluxing a stirred. mixture of l- mol-e of L-azaphenothiazíne, 2

ruoles of chloroacetyr chl-orid.e and potassium carbonate for
three hours in dioxane. Flowever the yield. was unpred.ictabl-e

and the product obtained. v¿as very impure.

A possible explanation why this reaction di_d_ not work

too v¡el-l- l-ies in the fact that o-halogen acid s are convertecl

into a-hyd-roxy acids (especially in the presence of arlcari

carbonates) on heatì-ng (tzz¡. Thus, if the cond-ensation of
clr-loroacetyl chl-orid.e with L-azap]rrenotktiazj-ne proceed.s at, a

slower rate than the conversion of the ch-l-oro acicl to the

hydroxy acid., tiren the hyd.roxy acid wil-l- form and. react l+ith

the acyl hal egsn. Some of these polymers may cond:nse with
the azapLtenothiazine and the result would be an impure pro-
¿lrrn-1- iø r^ar -,ie}d.u4vu Jr¡ ¿vyv J-

In addition to the above, unsuccessful atterlpts liere
n.,-Ä^ +^ 'll\ 

^l^T ^--^^^^-l---T 1 ^---^r^^-^^¿1-i ---f -^^rircu¿ç uu jrr- çycr.re l0-ch-l-oroacetyL-L-azaphenothiazine using

sodamj-de or al-uminium chl-orj-de, rn both cases a bla.ck tarry
mass ï¡as obtainecl froro v¡hj-ch no lo-chloroacetyl-L-azapheno-

Llnjaz1ne could- be isolated..

FinalJ.y, the synthesis of tfl-O-chloroacetyl-L-azapheno-

thiazinetr r,ras successful].y c¿lruied. out using chloroacetic

acj-d. anhydrid.e errd chloroacetic acid ì-n d.ry dioxane. lhe
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yields weï,e fairly good., they were reprociucible, anú the pro-

d.uct obtained. was quite Pure.

In the stud.y which was carried. out to verify the struc-

ture of the corlpound- obtained from .the 
chloroacetylation of

L-azapTrcnothiazine, the following infornt¿t-ì on was obtaíneo-:

I. Bl-emental analysis for 'ohe ch-l-oroace'oy-Iation pro-

d.uct fits an empirical formu]-a of c15l{902i\T2scl. This d-iffers

from the analysis of the expeeted product, }Q-chaoroacetyl-

L-azap!rcnolhLazíne (C15H9OI'I2SC1) by AZO'

2. Acicl hycì.rolysis of the ch-l-oroacetylation product

d.id_ not give L-azap'nenothiazine which would have been the ex-

pected prod-uct fron the nyd.rolysis of }0-chloroacetyl-\-aza'

phenothiazíne. Insteacl-, a ne}ü compor.lld. was oþtained- which

contained. no ch-l-orine and. whose el-euiental anal-ysis differed-

frorn }-azaptrenothLazine by CeO. In ad-dition, j-nfrared ana-ly-

sis oÍ' tire hyclrolysis prociuct shov¡ed that a secondary amine

group was not present, although the overall spectru-m was very

similar to that of L'azaph'enothi az!'ne indica'ting the L-aza'

phenothiazLne nucleus was probably stilt intact.

3.t\iuclear,ma.gneticresonancesllectrawererunoncom-
porxr.d.s I/XXXIX a-,rd tr,xffiIll wirich vlere origj-na}}y tiroug'ht to

b e lo-pyff olid. ino - ancl 10 -pip e rid- ino ac e tvyL'L' azapheno th iaz L:ne

respectively. .Ihis revealed. the presence of only five arom;a-

tic protons (peak at 6.8 pprn.) ancl also that position two was

in some way substituted. (shown by the absence of h¡rfl3egen on'

the carbon atom ad jacent to the pyrid.ine nitrogen), r'¡hich
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ïrou,J-d. be ex;cected to g'ive a quartet ¿.round 2.0 ppm)" Tire

I{.r,1"R" spectra also confirmecl the presence of the groupings

rì
-C-CHr-l'f I and-

I \--l -C-CiI2-Id )
ð - \__,i

in the two res.oective compounds. TLre l-atter compou.nd- sirorred

an urrsplit singlet at 1.75 ppm. due to -CE2'not coupled. to

other magnetic nuclei, a peak at 2.6 ppm. due to the a-proton

of pipericline and at L.5 ppm. d.ue to the F- and f,,protons of

piperidine. Integration of the tliree sets of peaks i¡ieJ-ds

a ratio of 221.9¿6.4 which agrees i,¡e].]- lvith the tkreoretical

values of 224t6.

4. lVon aqueo'us titr¿ltion
anrri rrq-l or¡t r^roi n.ìa* a€ 1"7'7 Ãç\¡kJVA¿çr!U vvçaóIIU v¿ LI I cJe

There ¿"re several possible

of conpound IX:CKIX gave an

the cir-l-oroace'r,ylation prod.uct ¿ì-nd

c*rr¡ol:rr-¡oc thor-ei"n'r.o f'¡ru9røv , urrvlvrvrv,

each one wil-l be d.iscussed-

JlrLrI v rLr{,td,IJJ c

The first structure r',rhich comes to mind and. wiiich fits

most of the d-ata is I(XXVII] .

0
rl

- C-Ci{2-Cl
i{

I

CH2 

- 
ç=9

XXXVIII

this structure lras five arom¿riic protons, position two in the

I-azaplr-enothiazine nucleus is substituted and- the eleÍrentaJ-

analysis fits. In the case of the pyrrolid-inoacetyl d.eriva-

\

,/7
N



-52
/ ¡-r=r-¡r¡'<¡\ the êrìlt-j Vâl ênr- -.^.r ..r^-r' "'n'.r ,i. be L75.5 t.,fhiChtave I,!ÀjLÀ'IÀ/ u wurðrru r¡'¡\JL¿ru

agrees T¡re}l r^rith the experimenial va.l-ue of L77.5 which r+as

obtained.. Al-so, acid liyd.rolysis of this ketone woul-d' be

nnnnoirrshlir nossible d-ue to its position alpha to the pyrid-
vv!!vv¿ v qveJ

ine nitrogen"

The infrared Spectra d.o noi support this structure, frolu-

ever. The infrared spectrum of the chl-oroacetylation prod-uct

(lC¡r pel-let ) does not sho\^I a peak for a ring fused- T-lactam
I

in the region from L75O to 1700 cno-r nor is there a peak for

the aromatic ketone in tire region of 17]5 cm.-l. The only

carbonyl peak which cioes sllow up is orre 'at L65O cn.-I and this

is stronplv indic¿"iive of a tertiary anid"e.

Another structure Tdhich could. be consid-ered. is I(XXIX.

C(:r) rì rÌtj^ r'(1w'wLL¿-wJ-

0
I

C=0
I

cHz
I

to\
l- tl ll I\,\s^-7

XXXIX

This compould- is a tertLaty aroj-de ¿r.nd has positi-on two in the

azaphenothiazine nucl-eus substituted.. The elemental analy-

sis would- ¿Llso fit this structi-rre. 'Ihe main argument against

structure XXXIX is the fact that it contains six arom¿tic

o
tl
C-Ci12-C1
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protons and. also the argumen'r, used. in the previous structure
rega"rd-ino- the absence of the ketone carbonyl applies here.

Any queLternâry compou_nds such as XJ, or XII are very

unlikely due to the presence of too many chl-orine atoms to
fit the analytical clata ancl the spectral cLata.

'Y\
ilt

^ònzll
^-^ ^-r\v-v v-v

c v-L

t\,-\ Iil tl
r\ -"\ #v lot-lll
CC=01
I ånr-.I
XII

,r''>alll
\--t-

\
t'cþz-

/\
CH2-CJ- Cif2-Cr.

XI

Structure XIII
¿ironiatic protons ¿Lnd"

mental nnal vsr'-s fits
to show a peak for a

fits the I\.M.R. d-ata in tha.t it has five
position two is substituted, The eJ-e-

l.lri a nnmnnrrnÂ and it wu.uld be expected_

tertiary anid.e in the infrared spectrum.

I

I

^LT^ 
n1vLL¿-W-L

XIII
rn ad.d.ition there is a weak peak at r-7BO 

"*.-1 which is in-
d.icative of a four menber ring ketone, hol,,'ever it appears to
be much too lveak for a carbonyl" Finalry, the N.lu.R. spec-

trum does not show the two protons alpha to the carbonyl in
the four rremberad r,-i no- thrrq rnakÍng tnis Strugture unli_kely.

ÇH2t-
(1

rl

v



Structure EIII is

d-erivatives can be mad-e

organically corrbined- and

[C(:Li cr-

XIIII

Both structures (Xf,fff g¡ld. XLIV)

basis tirat they contain seven and

Structure lÜIV has a lcetone Sroup

i nfrzrod snectf"uxlo

-54
l-n*.,"1 -l t¡ rr¡.r nno¡tqhl ovv VÕ.LLJ wravv9y vo.wlv

ancl the cirlorine must

not ionic in na.ture.

because anrino

therefore be

0-CII2-Cl
lt-
0

C--eH2
tl
0

XIIV

c¿n be eliminated- on the

qi .¡ nrn.i:ni¡a -yì^ôñô ^*i rra-ì r¡ÞJ-^ }Jr v uvrtÐ r ç Þyv u uf v sfJ o

w-hich is not shot¡n on the

The form¿.tiorl of a¡y of the structures proposed cannot

be satisfactorily explained mecha:ristically and in the case

of struc'rures XXKVIII and XXXIX, no apparent d,riving force

for the reactiolt can be deternined. and in fact the entropy

factor rroul-d- tend. to disfavor formatj-on of compourros such aS

tnese, very readily.
f r IO - ch_l 0 ro ac e tyl -L- az ap}leno t}l.Lazine rr e xhib i t s s ome

puzzlLng properti-es which could- onl-y be explaj-neC. on the

basis of hyd.rogen bond.ed. structures such as tnose shol'rn

. *.- --+ \
þeloT/r (Ålrv and- ÀJ¡vr / .
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..ÍI-\ ,,-il '0'
cH-c]-

KLV XIV]

The evid-ence whj-ch points to such jrrtarrl+-l hrrrl-r'.\gen

bondi-ng is as follohrs:

l-. The compound j-s very insolubl-e in al-J- solvents ancl

is only very slightly soluble J-n hot dioxane, N:l\-dimethyl-

formamid.e, gltrcial acetic acid. and" trifluoroacetic acid.

2. The compound- does not form a hyd-rochloride salt
and. in fact is insoluble in concentrated. hyd-rochlorj-c acid.

this is in sharp contrast with aJ-J- the other azapinenotni.'az-

ine d.erivatives which readil-y forrc hyd.rochlorides"

3, It has an rrïlexpectedJ-y high rnelting point which

is about 15'go higher than the correspond.ing phenothiazine

d.erivative. IO-Chl-oroacetylphenothiazine has m,p. LLj.5-
!L4.5o i lO-acetylphenothíazine r0.p. 197-l-98o eomparecl with
10-acetyl-L-azaphenothiazine m. p. L6'l -L6BoC. ; l0-methylpheno-

thj-azine m.p. ggo compared with lO-methyL-L-azapirenothiazine

il,p. B6oC.

4. It onJ-y reacts witlr secondary ar:rines ì.n polar sol-
vents and at temperatures of about J.OOoCo or higher. ,Ihis

can be compared with lO-chloroacetylphenothiazíne which re-
acts readily' r¡¡ith secondary amines in benzene solution arrd



1n

at ]-ot^¡ teroneratures.

for
9nñô

'fl0-chl-oroacetyl-L-azaphenothLazineil is too insolubl-e

a"n infrared solu-bion spectnun or nucJ-eay magnetic reson-

spectra 'co be carried. out.
r'l-0-chloroacetyl-I-azaphenothiazineil would not cond.ense

r.¡ith d irneihylamj-ne to form l-0- (rt:I',1-dinethylaminoacetyl)-f-

azaphenothiazine presunably because the reaction hr¿icl- to be

c¿rrried. out in the col-d-. Diinethylamine T,ias for.l-nd. to be too

vol-atil-e for the stand.ard cond-ensation.

In the case of the reaction of rll-0-chl-oroacetyl-I-aza-

phenothiazíneil with d-iethylarline, sonre procluct r+as forn-red but

2. \/eTV lOnp' hea.ti n.c' ti me trrrâ.q ronrri rarl ''- .1 tl¡o rri ol ¡ rrcg fgr¡¡.vf¡v J !v¿s vvs

This relatively poor reactivity of t'l-O-chl-oroacety] -
L-azaphenotl¡.iazinett can be exi:lainedL on the basis of the

hydrogen bonded structure. In this compouncl i-f the hydrogen

bond- existed, the chl-orine wou-ld be attached- to an sp2 hyb-

rid.j-zecL carbon atom whereas if the hydrogen bond d.ict not

exist the carbon would be 
"p5 nyU"iclized.. [he electronega-

+i--i +-- ^f ^^^/ t^--u-^: s i -, --^^^r^-^ rì- --^ - 7 ....urvrr,y ur c.,-u sp2 hybrid. is greater than an sp/ nyorrorzed-

carbon, therefore in the hyd-rogen bonded- structure the car-

bon chl-orine bond- lrouJ-d be a great cleal- stronger tha-n it
ïrouJ-d normally be.

In the condensation of ftl-C-chloroacetyl-L-azapheno-

tnj.azLne't r,¡ith the higher boiling second-ary arrrines (aipro-

pyla'nine, piperid.ine , pyruol-idine and i[-methylpi.oerazíne) ,

the reaction '.+orked quite wel-l, although purification of the
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proc:lucts presented a Problem.

In initia.l experiÌnents, the reaction 'i,üa.s carried- ou-t

in N'Ell-c-limethylformamid-e a.nci r'¡hen completed, the rea.ctioir nix-

iure was pou-recl into i¡ater" The product obtained- Id¿l,S verJ¡

impu-re :nc'L tl:re purificati oir rva-s a. long ted-ious Process" How-

ever, tlr.e alnount of sol-vent ursed- was d.ecreased- and. the rea.ct-

ion r,¡as completed-, and- a.llol,¡ed to stand- overni€,h-b. The procl-

uct rvhich p::ecii:itated ont of the reaction mixture, ivhile

obtained, in a slightly lower yield, wa,s then much purer than

that obtained u-s'ìng the previous method. A number o-fl recr¡r-

stallizations r¡Iei'€ Still requirecl, however, j-n orCLer to ob-

tain a sample pure enough for the clu.aternizat,-on Step r¡¡hj-ch

f ollor^¡ed "

In preparing sa.Inples

of rpervstal li-zations were

\¡IeÍ€ obta-ined- could not be

sta.].lization.

for micro-analysis, a large nu¡iber

reolrìred and ihe resuÌts whi-ch

impz'oved. u-pon I'rith further. recri¡-

l,.,leen Ìr 10-chl-oroa-c e ty]. -L-aza p]rrenoihi-a.zine tt wa-S c ond- ens ed

r,vith piperaz-ine, only a smalL yiel-d was obtained. (about 25",4)

anri- the solubility properties of the compournd l,iere very

di-fferent fron .i;he other substituted a.minoecetyl-L-azapl:Leno-

thiazine d.eriva.tives. 'l'fhen 'che -f i-ltrate from the reaction

rnixtrrre rr¡s 'noured. into water a:ad basified t¡itir sodiu-m caT-v'

bona.te, no precillita.te fo:cmed, and- no starting; nta.terial was

recovered "
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)-ì

id

I
(1

I

U

t\,õ
ill

rAt(/
I

C=0
I

cHz

XIVII

ft wa.s trrought tnat structure XLVII rnight ira.ve been

formed- but it is fa-ir1y certain tha.t the solubility of this
structurre woul-d. 1ce very si¡rj-lar to that of the expected

corripound"" The sane cornpound was formed. -¡rhen a ]zL ratio of

piperazine to itlO-chl-oroacetyl-L-azaphenotht azinerr r or r¡¡hen

a lrl ratio of rrl-0-chl-oroacetyl-L-azaphenotníazinerr to pip-

erazine was usecl. Both prod-ucts melted. in the range of 285-

290oC. (d-ecomposition) and gcrve a negative Beilstein test
for halogen.

This nrocluct l¡aS insOluble and eOu-l'! r¡n* ho 76¡1-rr^r-'-rì i¿rt¿Ð y¿ vuwv u vvøÐ rrrpv!uv+ç arru vv(.,4u fav u pv I (tulJ Þ t/ú,_LIJ-

zed. ancl hence micro-analytical d-ata lvere not obtained..

(a) Bis-_Quaternary Salts of the Substituted-

$¡nrnç acetyf -f Aza'pne

In the synthesis of the bi-s-c¿uaterfrËirlr salts iir this
series the proportion of J noles of ailine to one mol-e of

o::t+-d"ibromo compound. was used-. Since the arnines in this
series hrere solid-s, the reactants could not be th.oroughJ-y
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mixed in the absence of solvent a-rrd it v\ias necessar.r/ to use

solvent to ensure cornplete rnixing a-nd- ihen remove the solvent
to allow the reac'ti-on to proceed..

The bis-quaternary compouncLs in this series tÂiere only

slightly hygroscopic ancl most of them could. be recrystallized
from 95 percent ethanol. 0n1y the series with f0-( -methyl-
piperazinoacetyl)-t-azaphenothia zíne (xc) coul-d. not be recry-
stallized". t¡/hen ethanol r¡¡as aclded to -bhese compounds a sticky
mass resul-ted..

(e) Chloroaceiy]ation of 2-Azaphenothi-azine

Sever"al unsuccessful atternpts ilere rnade to prepare l0-
chl-oroac etyL-Z-azaphelotlnj,azine usì-ng chloroac ety] chlori-d_e,

rn most cases, the only prod-uct obtained r¡as Z-azaphenothia-
ei øa Jrr¡rrl r¡nr^l ff id"e "aLLIV rfJ Ur VVtt¿\

Tkre faci that this hyclrochloride r¡ias isolatecl would.

sel've to sunoqyf, f i1ç earlier iheorir adw¡nced resârrj-ì np the,:/ qv v a4¡v vu ¿ võc1r v_!r!€i

polymerizatiort o-fl chloroacetyl chloride (see page 49)" When

ø-hyd.roxyacetyl chloride reacts with i;he chloroacetyl chlor-
id-e, irydrogen chloride would. be evolved"

An attenpt l.ras inade io prepare J-O-chloroacetyl-Z=ar.a-

phenothia.zine using chloroacetic auhyd-rid.e an.d c?rloroacetic
- --^^.acid in dry dioxane" A dark brol,¡n s6lidr¡ fl.p. L35-L539C.

(d-ecomposition) ',oas isol-ated, from the reaction mixture.

this coinpound was insolubJ-e in water and only sl.ightJ-y sol--
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uble in d.itute hydrocÏ:-toric acid. It gave a positive Beil-

stein test indicating the presence of halogen. Initial

^++^*- +^ +^ -nrrrì frr ;rrr¿l i d err ti frr th'i s eornoOutld- uere unSucceSS-atr !ell].r(J us uu yLll'rrJ óIfu !ue!! u¿lJ

ful and. tirre clid- not pernit further work with this compound''

(f ) Forml¡lation of lO-l¡iethyl-1-Azaphenothiazine

tO-l¡rethyL-L-azaphenothj-azíne (XI,VIII ) was prepared"

from L-azaphenotTtLazine (fff ) Uy ttre standa.rd' sod'amid'e con-

d.ensation method..

lO-iviethyL-L-azaphenothiazine was then formylated" v¡ith

I'[-rnethylformanilicle and pho sphorus oxychJ-oride in o-d'ic1':-loro-

-, /. az\oenzene \t¿) ) .

lheprod.uctwasd.ifficu]-ttopurifyandappearedto

d_eformylate very read.ily; hoi,,rever, a sanple \¡¡as obtained.

which had a two d-egree melting ra.nge. fnfrared analysj-s of

the formylated lO-methyl-I-azaphenotlviazine showed' that the

formyJ_ group was probably in the 2-, 1- or 4-position of the

nrrr-id'ìne rils in the L-azap]íIenot|:l¿zine nuCIeuS, since the
yJ ¿ &så¡rv

d.isubstj-tuted. benzene pattern was clearly present (incLicat-

ing the benzene ring w¿rs ll}rstlbstituted in the l-aza'phenotLt'iz-

zLne nucleus). tr\.:.rthelmore, a Lz2z3z4-tetrasubstituted pa.ttern

present in the spectra would- tencl to point to substitution

in either the 2- or 4-position of the pyridine ring"

the formyl deriva.tive fornred a precipit¿ite r¡¿ith 224-

d_inítropirenylhyd-razl:ne and- sodiuro bisulphite, but an oxiroe

cou-l-d. not be obtained-"
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À preliminary experiment was conducted to form an imine

of the type XIIX with hexanre d.iamine; however no j-d entif j-abfe

prod"ucts were obtained.

oï

lV
l

cH3

Th-i s a.sneet r¡ias

+; -^^l¡ l-IllU o

I f> c'=iv= (anz) 6-'=,"Ç(lp

XITX

not carried further

I

^rrvLLS

d.ue to a shortage



IV. CONCIUSIOI\S

The compound-s prepared during the cor:.rse of this
study are currently undergoing evaluation as potential
therapeutic agents. In ad-dition, simil_ar comporxrds in
the phenothiazine and- hexahyd-rophenothiazine series have

been prepareo by other workers in this l-aboratory and- it
is hoped. that some conclusions regÐ.rd-j-ng structure-actj--
vity relatj-onships can be drawn.

Several difficultj_es appeared. during the course of
this study and. some of them have remainecl wrresolved,

thus producing some probleLrrs for future stud.y.

Currently, further investi-gation is being carried.

out regarding the nature of the rea.ctJ-on involvj_ng the

chloroacetylation of L-azaphenothiazine in an effort to
identify the prod.uct and d.etermine a mechanism whereby it
was formed..



V. ÐGERIIJIE}IlAI

i,{elting points r¡rere d.etermined" on a 'Jhomas lloover capil-
Ia.ry melting point ap;oaratus and are uncoruected " Ultra-
viol-et spectra rdere determinecl in the stateC" solvent r',¡ith a

Beckman DU spectrophotometer. Infrared spectra lùere d.eter-

mined. with a Beckman IR-B instnrment, in carbon disul-phide

solution or in potassÍum bromid-e pellets.

Carbon and hydrogen microanalyses trere carried out in
the School- of Pharmacy ¡ using a Coleman Carbonf 'Ayd-rogen

Lnalyzer. Carbon and hydrogen niicroanal-yses on very hygro-

scopic substances and al-l- nitrogen analyses rrere d.etermj_ned.

by either Drs. F" and E. Pascher, iüest Germa^nys oT Gelter

ï.¡aboratories, U. S.A"

Equivalent weight determinations urere earriecl out on

a lvletrohm 1t516 Potentiograph.

Refractive indices r^iere determined with a Zeiss refrac-
tometer ai the stated temperatu.ïe.

fn the 1rurification of riaterial-s by column chromato-

graphy, aluminium oxide for chromatographic analysis (S.D.ri. )

was used.
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hlt

l--Azaphenothiazine (fff) (ee¡

i4O.5 g. ( e. O moles ) of 2-anilinopyrid-ine (XVf tf ) , BO. 2

/^ \ ^g. (2.5 moles) of su-Lphur and 24.L g" of iod.j-ne were mj-xecl

together and. heated to 25OoC. (nyArogen sulphid"e gas evolu-

ti-on began), then to 28OoC. for J hours anci finally for t
hour at 125 to 73OoC. The reaction mixture v,ras distil-ted

at a pressure of t5'0o 20 nm. (ttre stil-l- contents heated to

410oC. ) for t h.oi.Lr, The solid- yelÌor,r d-istill-ate u¡as treated-

lvith f4O ml-. of concentratecl hydrocirtoric acid" in 690 rrl-" of

water at 6OoC., filtered hot and ,olaced. in the refrigerator

overni-ght. lLre precÍpitate l'rhich forned was coIJ-ectecl, clis-

sol-ved in hot water a:rtl- the sti-rred aqueous solution luas

sJ-ol',rJ-y mad-e alkaline i,uith a¡uronir.m hyd.roxid e. lire ysf]6ï¡

precipitate of L-azaphenotrriazine ruas collected-, lrashed- wel-l-

witlr r^¡ater and clrieo-" Tlne L-aza.phenothiazine wa-s recrystall-

ized. twice from isopro;oyl al-cohol- (charcoaJ) to yieJ-c-L 150"0

g" (49 percent yield" based on u-nconverted. 2-ani-J:-nopyríd-ine)

of prodiuct as yelrow need]-es, rr.lrr. 1l-5-l-1600" , e(25O"5) =

34,5OO; Q(SZ+) = 5,OOO (in 95 percent ethanol)"

The acidic aqueous filtrate, froni ivirich tlne L-azapheno-

th,iaztne hydrocltJ-oride precipitated-, uras made al-kal-ine with

amrnonir.ul hiydroxide. lrre ;orecipita.te of 2-anilinoiryridiiÌe was
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coll-ected and dried. to yield 1f4.0 g. as a yellow solid_.

10 -Di al-kl¡l-amino a]-ky].-].-A.z apheno thi az ine D e rivat ive s

L5 g. (0.075 mo].es) of L-azaph.enotiriazine (III) and

5.c) g" of sod.amid.e rrere nixed. together in 75 rù. of dry toJ.-

uene" The mixture was warmed gently at first then refluxed.,

with constant stirring, for 1! hours. The d-a.rk brown semi-

sol.id. mixture r^ias cooled to 20 to 25oC. and- a sol-ution of

0.1-O moles of an appropriate chl-oroamine in d.ry toluene (fO

ml-. ) was ad-d-ed dropwise. After the ad-dition was completed,

the stirred- mixture was a]-]-owec] to stand at 20 to 25oC. for
one-half hour, then heated a.t 60oC. for one-hal-f hour and.

finalJ-y refluxed for 20 minutes. T?re reaction mixture was

cooled, treated- with a roixture of f5 mJ-. of concentrated. hy-

d.rochl-oric acid. a:rd l-5 inl-. of water, made alkal-ine with sodir¡ri

hyd-roxi-d.e solution and extracted v,rith ether. The ethereal-

solution was d"ried. over drierite, the ether and. toluene l{ere

removed. r.rnder vacuum and. the resid-ue was d.isti]-]-ed rrnd.er re-
d.uced, Ðressure.

10-(5-Dimethylaninopropyl)-I-Azaphenothiazine (l) (L24, LZ5,

L26,r27)

12"2 g. (0.t0 mot-es) of 5-chloro-i[:rrl-d.inethyl-

propylamine were used.. L7.4 g. (84 pu""ent yielo) of a red
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oil. were obtained, b.!. L56-L57)C"/O"05 nn.; e (252.5) =

24,OOO, É (127) - 4,000 (in 95 percent ethanot).

A mono-oxalate sa]-t of the arnine t^ras prepared by mix-

ing ethereal solutions containing equimol-ar concentrations

of the amine and anhydrous oxalic acid.. The yelJ.ow precipi-

tate obtained- Ì,ras recrystallized from nethanol- (charcoal) to
yield slriny ye]-]-ow platelets, m.p. 198.5-L99oC. (frothing at

the m.p. with decomposition). 'Ihe melting point reported

for this salt in the literature is 2OOoC.

l-0- ( 2-Dimethytaninopropyl ) -I-nzaphenothiazine (lI ) (L24 ,L25 ,

LzB,Lzg)

L2.2 g" (O.fO moles) of 2-chloro-rV:l\-d-i-methylpropyf-

amine were used-" L9"5 g. (9t percent yie]-d) of a viscous

gold.en-orange oil were obtained., b.p " L67-L64oC./O.07 mm.;

6 (252"5) = 25,000, € (3L6) = 4,7oo (in 95 percent ethanol-).

Ä monohyd.rochl-orid.e salt vüas prepared by passing dry

hydrogen chlorid-e gas through an ethereal solution of the
qn'ì na fTll.ra rral I ornr nreci'ni t¡te wns ?.êrìT'\rSta]_liZed ffOm tOl-øu¿¿rv. ¿¡¡v J vr¿vvv lvr vv¿y Yvap ¿ vv¿J L

| . - \ - ^- ^aì^Lr.ene (charcoal) to yield a white sol-id¡ m..0 " 2L5.5-2I4vÇ.

the rnel-ting point reported for this sal-t in the l-iterature

is 2L5-2L6oC"
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(rcrxvr ) ez> ,L26,
L2S rtzg)

10.8 g. (o.lo mor-es) or 2-chr-oro-i\T:ÀI-dimethyrethylamine
'r^rere used. 16.5 g- (BO percent yield) of an oram.ge-red oil
were obtained, b.p - r64-'65oc./o.0! mm. This oil sori.ifie.
a'd the orange sorÍd hras recrystar-r-ized. from petroleum ether
(charcoal) to yield yeJ-J-ow platelets, ür..p. 67 .5_68.5oC. ;
ç (z¡z) = 28,9oo, € ( 321) = 4,Too (in 95 percent ethanor).

A monohydrochr-oride sar_t was prepared and. recrystarlized.
from toluene (charcoar) to yield a cream corored sorid, m.p.
L96.5-l97oc. The nelting point reported in the r_iterature
for this compound. is 195-l9gog.

(r,rr ) Gzq,LZ5 ,
l-28,Lzg)

17.6 g. (0.r0 mor-es) or 2-ch-r-oro-N.:N-diethylethyr_amine
hiere used. L9.6 g. (gt percent yield) of a red oir- were ob-
tained, b.p. J6T.-J.680Ç./O.04 n¡n.; € ( 212l.j) = Z5r7OO, G ( 123)
= 4,500 (in 95 percent ethanol).

A monohydrochlorj_de sal_t was

from benzene (charcoal) to yieJ-d a
The mel-ting point reported in the
is l-82-184og.

prepared and recrystallized
white solidr ü.p. 185-Ig4oC.

Iiterature for this comporrnd
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Bis-Quat erna.rL Sal-t s of the l-0-Dial-ky]-aninoalkIJ...-:-l--

Á.zanheno tnj-azj.ne Derivative s

A i nole proportion of the ¿.nine was hea'bed with I

moJ-e of t}:e s:ð-clibrono cornpour:rd oi1 a boilJ-ng r'¡a.ter bath

anC, swirled to ensure tirorough mixing. 'Ihe heati:ag ruas con-

tinued. for ¿in Ìrour" 'Ihe nixture v¡as then coolecl, poi,rdered.

anc] extr¿;cted r'iitir" d-ry etirer. The hygroscopic bis-quater-

nary compourrds v[ere d,ried anC. kept in a vacuua d-esiccator"

Table I lists the physicaJ- pro;oerties irnd analysis data for
*l,ra nnmnnrrnd a aìTê-:lr-v1êd -utlv vvutvv }/r vys! v s e
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Sltpic-al-Prqpez'ties and" I'l'ì croarralysis Duta for the

lç rnaer _S_al_t g_ of I 0 -D i al kylami-n o a}k.yl -1 - a za p]nenot

Compound.
Noo

LIII
'!'

I,IV

LV

IVI

LVTI

IVIII

IIX

IX

T A¡-r
.L'I!J

IXII

IJXI]I

IXIX

!y,-K

rffiI

R1 R2 Rq¿/

| +rRpn _tr - ñ
*--L 

\ 
--)

CT\ A

cr\ 1r

CT\ C

CI$ a

cT\ b.

CH3 c

CH1 a

CH7 b

CH7 c

C2ï15 a

v /LL\ v

CHj d.

CH3 d

cHl d

R2

GjläiElì]\IJ

Color

Bri -o-h l:
ye11-ow

ll'14't -o'l.t ï

yellor,r

Bri ¡'ht-* *Õ-- -
yel-1ou'

Gold-en

, i-1.1 Jrn -l:

yel,low

0range-
yelJ-ornr

at^-^ --rV CLLLc:LL J

J 9-r_L\JW

Rr i .o'ht

J ç-rI UW

ar- h^ -r"vaLLJa,L J
ye11ow

Yel]-ow

Yellow

Canary
yellow

Orange
yeJ-low

Yel]-ovr

Sinter
Point
lcln \

a -aI/O

72

L7I

67

OO

l3

B

Þlu21l- |

- 
\T_ Il_

./ 
*'l

STP,UCTU?,E

R2

f'rc'r Lr-L¿IÈ;

Point(ot \

245-B

252-5

gB-l_00

I O5*7

qr^)-q

L67-7L

| // U-- î\

L4o-3

fnd"e-
fini-te

InCte-
I.L-II-L UC

Ind-e-
finite

fnd-e-
finite
Ind e-
finite

Theoretical
%c %n /,w

53 "22 5.4r LL"29

54.4L 5.74 lo"BB

56 .99 6 .46 9 "9"1

54-.4L 5"74 10"88

55 "5A 6 ,O4 t_0 " 50

57 .92 6 "7r g 
"65

54.4L 5.74. l0.BB

55 .5O 6 "04 ro, 50

57 .gI 6.7L 9,65

55,49 6,04 10.50

56 .55 6 .53 10.14

52.78 5,60 L2,68

51,93 5.gL l-2.2'¡

53.91 5,gL L2"23

el)77

Analysis

t'l ¿L

vn

Qrì

BB

108

L20

Õ¿

tJl

Ê'r

]¡o und

%c %w

x lhe low value cannot be accoun-bed. for,

I

O\
CO

I

53.7A 5 .26

tr7 -ì a\ A 7-7
JIoLv voJl

54.O5 J "4L
-- ry-/Át- - a-
)-/o2.-t ).v)

57 "92 6.7L

-, ^ry))ÒJ) ).vL

7LN

LO.L2

o 1-t

10"45

10"04

o<ô

10,00

li, =

B=

C=

-CH2-CH2-

-cIJz-cHz-cHZ-

-ClI:-CH-
I

cH3

57 ,76 6,37 9,o2

.)-

b=

ln:.¡ \-¡wtLetJ-

-( cH, ¡ t-
-( ctt2 )ro-

-CI{2-CH2-N-CH2-CH2-
H

52.45 5 -95 L1.97

f 
^ 

a - ^55,68 6,L4 l-l_,45

50,87x 6.18 LL'75
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I

IIII:

ITV:

LV:

IIX¡ Trimethylene þiÊt 2- (L-azaphenothiazin-10-yl ) -1-

6a

iVomgnclature of the Bis-Quaternary Salts of

tO -Di alkyl- amino al-ky]--]- -Az apheno thi az ine

LVI:

IVTI:

],VIII:

lll.

LXI:

IXII:

Trinrethylene þist 2-(L-azaphenothia zin-LO-yJ. ) ethyf]

d.irnethyla¡unoniuro bromid e .

P en t ame thyl ene þigt 2- (L- az apheno thì- azi:n-LO -yJ- ) e thyl- ]

dimethylammonium bromid e "

D e c ame thyl- ene bi s [ 2- (I- a.z a.pheno thi az ín--LO -yI ) e thyl ]

d.imethylammonirrm bromide .

Trime thyl- en e þ¿gt 5 - (I- az apheno thi azin-Lo -yr ) propyl ]

d-irnethylan¡ronium bromid e .

P ent ame thyJ. ene þigt J - (I- az apheno thi azLn--IO--yl ) p ro pyl ]

d-ime thylammonium bromid.e o

Decamethylene liÊt 3-(L-azaphenothi azín'LO-yl ) propyl ]

d i-rnethyla¡unonir.m bromid e "

me thyJ.ethyl ] d.ime thylammonium bromide .

P ent ame thyJ- ene þ¿gt 2- (L- az apheno thi az Ln-LQ -yr ) -1-
rnethylethyf ] d imethylasmoniirm bromide.

Decanethylene ! j.st 2-(L-azaphenothi az::n'lO-y]-) -I-

methylethyJ- ] d.imethylammonium bromid-e .

Trimethylene !ist 2-(L-azapnenothi azin-LO-yJ- ) ethyJ-]

d.iethylammonium bromid e '
Pentamethylene liqt 2-(I-azaphenothi azín-IO-yI ) ethyl ]

di ethylammonir.rm bromid.e .

],XfTT:
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Di e tirylaroin e 2, 2 | -b t sl Z- (t- azapheno th iaz ín-LO-yl )

--l-ethyl I dimethyla¡rmonium bromid-e .

IXX: Diethy]-amine 2, 2t -bísl1- (t-azaphenothiazin-l-O-y]- )

I)IXI:

nrnnr¡l ld i meth¡-] .-**^* .; ..- l-Ð^mid.e ._L/r wyJ ¿ J u¿ue vrrJ Ia,UUVIA!lÆr Ul V

DiethyJ-aii:ine 2, 2t -bislZ- (t-azaphenothiazin-IO-yl ) -
l-nethyJ-ethylJ d imethylammonir.m bromld.e .

o-¡ronotmopþçnor (¡,Xfff ) (I05)

]-5O g. (0.87 mo]-es) of o-bromoa:riline ïIere a<Lded. to a

mixture of I55 rnf " of concentrated. hydrochJ-oric acid. in 550

ml-. of water and. the stimed suspension was d-iazotized' at
nOn L-. +L^ ,rav vo wr rJrrç uropv'rise addition of 62 g" (0.90 mol-es) of sodiu¡n

nitrite in 220 ml-. of water. The orange diazonir.m ælution

l¡ras then add.ed c¿rrefully beneath the surface (by me,rns of a

long stemmed funne]-) of a stirred- solution of 24A S. of pot-

assium xanthogenate (potassiu:n ethyl xanthate) itt 440 mf. of

water at 7A to BOoC. Heating was continued for I hour after

the adciition was completed" the uiixture hlas cooled and the

red- oil which separated was washed. first with d-il-ute sodium

hydroxide sol-ution then with water" The oil was ad.ded. slowly

to a reflirxing mixture of 266 g. of potassium hydroxid-e in

2OO ml-. of r,;ater and- 600 rnl. of 95 percent ethanol. the mix-

ture was refluxed. for 21 hours, cooled., poured- into ice water

and. mad-e acidic with concentrated hyd-rochloric acid. 'Ihe
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brown oil l¡hich sepa.rated w¿.s collected, wasired. with u'ater,

d-ried. over o.rierite ar:.d di-stil-}ed. r:nder red-uced pressure to
yield L77.3 S. (BI percent) as a pa.le yetlon oiJ-, b.p. If4-
¡-.ñ- /-^ 'A 

tr
1l-6uC "/L8 rnm., Tr'+o') - L.65L9.

n
JJ

À srnall sample of the o-bromothiophenol was fractionally
d"istilled to yield" a coJ-orJ.ess oiJ-, b.p" I12oC./17 mro.,

rL'-ot = L.6728. Saggioaro et af . (f05) re;oorted. an BO per-
D

nont rri ol ¡l nf q nql os }/(Æv

f - ^- - ^-\+-Hyctroxy-r-n}ïrop.vrLcrr_ne (IU), J_ub, La ( )

1OO g, (f .Oþ noles) o'f 4-(fU)pyrid.one 'brere ad-ded" sJ-owJ-y

to a mixture of 34L g. of fuming nitric acid-. (96,oercent)

a^rrd- 14L g. of ftming sulphuric acid (20 percent oleum) with

stiming. 'Ihe rrixture was r\r¿r.rmecL gently at first, then boil-ed-

for l- hour. fhe mixture was cool-ed-, poured into f250 nl-" of

water and partial-J.y neutralized witkr ammonj-r.rm hydroxid.e solu-
+-l ^- nìr^^ -,^-l I ^r.r :r¡an.i rri l-qte which f orued- r;vas collected.,uJvlJ c !I¿E J ç¿¿v v! IJ¿ ç U¿IJr U4

washecL i¡,¡ith r'rater ancÌ clried. to yield L24 g" (84 percent) of

4-lrydroxy-J-nLtropyrid-ine as a pale yellow soJ.id, ni.ro" 2'/B-

^^^(1 ^ /2B0uC. (recrystaltized. from aqueous ethanoi-) "

Ä sma-l-l- sa:rple r,\ras recrysta:tlizecl from tol-uene ( char-

coal-) to yielo- fine i,v'hite needles, lr.p. 278"5-279oC. the

nelting point reported. in the literature is 278-2790e. (fOe).

)x
oil, n-- = L.6298.

_^
tl
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f -¡¡r+*- \ /- ¡ t - ^'-\4-UnJorO-r-nl-ïro pJ/rl-Oane [ÅrtlV / \rU? 
' 
IUO , LQ | )

An inti¡rate mixture of 60 g. (O.43 mol-es) of 4-hyd-roxy-

]-nitropyrid.ine, 90 g. of phosphorus pentachl-orj-de and 6 g" of
phosphorus oxychl-orid.e rvas heated. for J hours at l-50oC" to en-

sure gentle boiJ-ing. The tempera'uure r/,ias then raj-sed to 165oC.

and maintai-necl there for I hour under a ra'pj-cl stream of nitro-
gen. Ihe mixtüre 'rrrâs d-istj-l-1ed" under red-uced pressure to

yield. 55"5 g. (84 percent yield-) of 4-chloro-j-nitro;oyrid.ine
(XXf V) as a yelJ.ow oiJ-, b"p. L2L-L23oC"/t6 nn" On cooling, a

yel-J-ow solidr fr.p. 42-45oC" was obtainecL. 'Ihe rneJ-ting point

reported. in tÌre literature is 45oC. (fOe ).

4- ( 2-Bromophen¡¡l-thio ) -5-nj-tropyrid-ine (,'cf,V) ( toz , LO4 rtoS )

f 
^ - \55 g. \O.15 mol-es) of 4-cirforo-J-n|tro;oyrid.ine in 840

ÍLl. of 95 percent ethanol r¡üeïê add.ed. to a stirrecl- solution
ã aa f * - \of 66 g. \O.35 moles) of o-brornothiophenol and. Lj,B g" of

sodium hyd-roxi-cie in 400 nrl-" of 'water. The mixture was i:eated

rxrd er reflux f or l-0 uiinutes and- al]-owed to stand- in the re-
frigera.tor ove-"i -1'"+ rnL^ nrer:init:¿te r^¡hich forrned- was col--¿r ¿õv¿ ø uvr v v úf Ir¿È!1I U o If,IE ìrt çVJyI ud, Uç !vl

l-ected-, wa.shed. r,vith water anct d.ried to yield 100 g. (92 per-

cent) of prod-u-ct as gold-en needles, o"p" 96-99oC"

.A snal-l sainple was recrysta.l-lized- from 95 percent

ethanol (charcoal) to yield shiny yelloir,r need.les, Ír.p"
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l-00-1o1oc. lhe mel-ting point reported in the literature is
l-ol-. 5-LO2.5aC. (ro5 ) .

4-(2-Bronophenyt-thio )-7-a¡ainopyrid_ine (XXVf ) (fOZ,L04,fO5 )

LO5 g. (O.34 mol_es ) of 4-(2-byo.c,roplrenylthio ) -7-nitro-
pyrid"ine j-n j-700 i¡l-. of 95 percent ettianot were refl_uxecl for
4 hours with 354 g" of stannous chl-orid,e o.ihydrate and lloo
ml-. of concentrated hydrochloric acid " The mixture was

cooled- slightly, slowry nade alkal-ine lúith a concentrated

solutj-on of sodium hydroxide, cool-ed- ¿nd extracted. with ether.
The etherear sol-ution was washed wÍth a smarl- quantity of
water, dri-ed over anhyd-rous sod.ium sulphate and evaporated.

to dryness rrnder vacuum. The tan-col-ored. solid. residue was

dried and- recrystal1ized frorn aqueoÌrs ethanol (charcoal) to
yield a sol-id.r m.p " 94-96oC"

.4. srnal-l- sa.'nple was recrystallized- once more from aqueous

ethanor (charcoal) to yielcÌ fine, right beige needles, mopo

95-96oC. The rnelting -ooint reported. in the l_iterature is
g6-970c. (ro5).

2-Azap:nenot:níazLne (IV) (l05 rt06,l0T)

84 S" (0.50 mol-es) of

pyridine were refluxed for
potassilm carbonate a::.d 8.4

4 - ( Z-br omophenyl thi o ) - 5 -*roino -
25 hours l'rith 48 g. of anhydrous

g. of copper powder in 590 m]..
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of N'tr\-dimethylformamide. The clark col-ored- mixture was cooled,

filtered- to remove the copper polvd-er aird poured- into 2J-. of

cold. water. the l-ime green precipitate rr¡as col-l-ected. and.

dried to yield.55 g. of a sol-id" This solid r¡¡as boil-ed with

l5O nù. of benzene ancl filtered- lrot. lhe r.rnclissolved- re-

sidue was recrystal-lized several tiroes from benzene (charcoal)

to yietd. 27 g. of 2-azapheriothj-azine (I\I) as shiny yellow

platelets, m.p. L65-I66oC., Ø (ZeZ) = 34,600, 6 (123) =
/. - \4,2OO (in 9J percent ethanol).

Ihe benzene was renovecl from the combined filtrates,
leaving a bl¿Lck tarty mass. [his mass v¡as d-isti]-]ed" under

reduced pressure to yield- 11 g. of a d-ark red. oil, b.p. 2OB-

^1 -^^ 
ln2L5oC./O.O9 rnm., r¡rhich solidified" to form ari orange solid-"

This sol-id. ruas extracted- i^¡ith ch-l-oroform l-eavj-ng a bright

ora.nge insolubl-e sol-icl. Ihe chloroform $ras removecl from the

extract ¿rnd- the solid- resiclue T/ras recrystallized from benzene

(charcoal-) to yield a furtner 6 g" of Z-azaphenotlriazine (IV),
- r rC'¡ü.p. L65-L66"C. The total- yietd. of pure Z-azapltenotitiazine

f 
-- 

. \wås )t g. (?, percen-b/.

2-Azaphçno thiazine monohyd rochloride

0.5 g. of ?-azaphenotltíaztlle v,¡as clissolved. in diluie

hydroclrJ-oric acid- to forin a red sol-ution. 'l'his solution rvas

al-J.owed to stanc-L for I hour then the precipitaied. orange

sol-id- was collectecl, driecl and- washed welI with benzene" The
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salt had- an indefinite melting point

(decomposition); 6 (262) = 12,5oO, þ

percent ethanol).

Calcu-lateci for C11tl9CIid2S:

Fou.nd.:

22,3OO "

Cal-cul-ated for C12H11litl2S :

Found:

.,+ -.ì.-.,+-- ^'^'\-¿.v aplJl'uår-rilc| uel-y ZOlJ"U.

(1Zt.j) = 4,1-OO (in 95

ÃÃ Qt . 1l '7\ AZ
)./.vL, Ltt Jov¿/.

5ã-q/-: Ê{ L.1_2"/./cJa, LLl -rc¡

1!vt

C,

2-A_zapbqgothiazine ü]eth.'¡l- Iod.id e

2 g. of Z-azaphenothiazine v,rere cLissolved in l-OC nll"

of benzene and 2 g. of neth¡r] ioclicie iüere ad.d.ed" 'Ihe sol-u-

tion was al-lowecl to st¿md f or 2 days ¿rncL 'bLre or¿r.nge pr ecipi-

t¿te which formed was collectedL e.nd- 'i,¡¿shecl i'¡iti: benzene " 2-

/tzaphenothiazÍne rethyl iodid-e is a bright orarlge solid, m.l).

22L-225oC. (decomposÍtion); F(247) = 2L,500, A(287) =

c,42"LL;
c, 4L"87 i

5,24

5"47 "

t-f4¿9

TJ¡¡t

| - -^.
1O- ( 5_-Dimeth.'¡lamino pro py]- ) -2-.4.zaphenothiazine (Ir)ü"II ) (L25 ,

lJo)

/^ - \Lj g. (0.075 riiol-es) of Z-azaphenothiazine and 5"9 g"

1^ - \(0.15 noles) of sociamicle lvere refluxed v,¡ith consta-nt sti-rring
+^- r 1 L^'.--' in 75 mf " of c[ry toluene. l'ne copper colored¿va L2 f,rvur Ð -

rni:rturre r¡¡as cool-ed-bo 20 to 25oC. and L2.2 g. (0"10 mo]-es)

of 3-chl-oro-iI;iJ-d.iriietir.ylpropylanine in l0 ruI" of' clry toluene
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rüere acl-ded dropwise l¿ith consta:rt stirring. tlhe raixture was

all-owed- to stand- at 20 to 25oC. for oire-hal-f hour. It was

then hea-tecl to 6000. for a further half hour, :ìil-d fi-nally,
refl-uxed for 20 minutes. The reaction ¡rixture was cooled,

treatecl with a ni>rture of 15 nl. of concentrated hyclrochloric

acj-d- and 15 nl-. of i¡ater, nacl-e al-kali-ne with sodium hydroxide

solution ¿rnd- e;ctracted with ether" The ethereal solution

v¡as d.ried- over d-rierite ancl tne ether and- toluene \,,iere rerrroved

und er vacuum. lhe residue was fractionally cj"istiJ.led- rxrder

reduced. pressure to yield- J-5.8 g. (74 percent) of a yellor,r

oi], b.p. L64-L66oC./o.02 mm.

À mono-oxalate sal-t of the arrine lras prepared by mix-

J-ng 'rith an eo,uimolar concentration of anhyclrous oxalic acid-

in ether. lhe precipitate r\ias collected-, luashed- r,¡el-l r,vith

ether a:ril dried to yield. a yellor,r sol-idr m.p. 158-t59oC.
| - \ ár(decomposition) " the melting point reported in the h-tera-

ture is 158-l-59oC.

/^ .^. - \ I \ /¡ ¡rl=0:12_-piqqJir.ylgíEqepfqpyt ) -2-A.zaphenothLazíne (ITXXIII ) lJ-zr,

L)v )

this compormcÌ r^ias prepared exactly as described. above

for 10-(5-¿imethylaminopropyl)-2-azaphenothiaz:-ne " L2 "2 g.

(0.:-0 moles) of 2-chloro-lri:i'ü-d.imethylpropylamine r,rere used

/anð. L5"25 g. (70 percent yietcì-) of a very viscous yeIlo,,r oi1

biere obtained , b. p " L72-L74jC. /O. 05 mm"
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À crean colored mono-oxäl_ate i^J¿,;s prep¿'.red 
"r_s bef ore,

Íi.p. L92"5-L97oC. (deconposition) with frothing at the melt-
ing point. [he monoiryd-rochJ-oride sa].t r,'¡a.s arso prepared but

it was too hygroscopic for ch¿racterisation purposes.

A nronopicrate deriv¿Ltive was prepared_ by mixing 0"5 g"

of the amine dissolved ín 95 percent ethanor v¡ith an equi-
molar concentration of picric acid- in ethanot. lhe precipi-
tate was collected. and dried to yield. a gold.en solid.r ur.p.

L73-L71.5oc. (decomposition). 'rhe merting point re.oorted i-n

the literature is U5oC.

Bis-Quaternary Salts of lhe l0-Dia]-kl{l_aminoalkyl-:

2- lxz ap}reno tLtiaz :.ne Derivat ive s

I g. (0.0055 mol-es) of the ].O-d.iatky]-aminoalky].-2-

azaphenothiazine derivative was mixed. wel-l with O.OO12 uioles

of afr appropriate s:ø-d.ibromo ssrnpound" The mixture was

heated on a boiling water bath for r hour, the sol-id orange

mass 'hras removed. from the reaction fl-ask, polvd.erecl and washed.

well- with dry ether" Tabl-e rr l-ists the compou:rd.s prepared

in this wal ¡ r¡'¡ith roelting point and microanalyses data.



TÄBLE II

Phvsical Properties a.ircl l4.icr6¿p¿¡]1isis Data for the

Bis-Quaternary Salts of lO-Dialkylaminoalhyl-2-azaphenothiazines

g
Compourrd
No. *

LXXÏ]/

LXXV

I-,XXVI

LXXVT]

Rr R2

| -¡. CH3
Rl- N

-CT'{. -Cl{. -C FT. - A"-'¿
ALI .IIT ATJ ]^-wrL2-wtl-z*wlr-Z" u

*cÍT?-c172-C]{2- c

-CI{¡-CH'¡-CT{¡- d"--¿ --'¿ -*'¿

T.,XXVIII *CI-I2-CL- a l-18 54 "39

LXXIX -CIJ.2-CT1- b 97 55 '49
cH3

LXXX -C}I2-CI{- c 86 57 ,9L
cH1

IXXXI -CI:I2-CH- d. J-,27 53,93'l
r'(T-rw!L3

CHz

Gnll!-ItAL

P^-"¿

Sinter
Point
1 on \ *-,¡.-

ttã

ll_t
on

./
.lT_rvrLl

STRUCTIIIìE

N
I

R-*'r

/\nalysis
Theoretical Found

%c %n %t¡ %c %u

54"39 5 "74 10.88 4.7 "46 5 "52

55"49 6"04 10.50 49.29 6,L5

57 ,gL 6.]L g,65 56 "r4 6 "93
57 "57 6 .60

53.93 5 "9L L2.?-3 4,6 "37 5 .5I

-\¿ Ä11 the compound-s r/rere ora-nge in color.
+?* flroqo ¡nmrrnllnÄc ci:rl:o-y- o'r-nrl llq'l lr¡ ¡rn -'"*-^-' ^'^^ ¡-l ¡'-r r 'l- --; rr^ -Êrnl-l¡-i no' ¡nclv vv¡:!r2 --*--1t ¿3L,[LIUUJ ¿lllu ì51, UW-LJ IIIUJ u I'lI ull Il u trlt-Lll-Ë' c¿LLu

d ecomrrôsi ti_on"svvv¡4vvv4 \

r/'¿rÉ-)i Àf-ber remakinSi by the modified- mixing technique.

a = -( C'112)3-

r-. - -l nic^ Iu : _\wtt,¿/J-

/ nrr \c = -\urL2)LO-

d = -Cli2-CI-I2-trl-CTl2-C112-
I-ï

The calculated. values f or the monocluaterlr-a"ry d.erivatives a,re as f oll-ows ¡

Compound-s lå,{IV and" LIIXVIII: Ct 46"83i H, 5.L7i N, 8"62.

Compounds LX,ïV and- IE(IXå C, 48.93; Il, 5"67 i N, 8"15'

Comi:ounds IXK\ru a..nd- L)üffi3 C, 53"33; I1, 6"7Li iV, 7.18.

Compound-s L)C(VII and- I,)OC(I: C' 46.5Ii II, 5,4-6; IV' 10"85 '

J .74 10" BB 49 "96 6 "04 9.60

6 "o+ to 
" 50 55 .80 6 "35 IO,4.9

%w

8.7 6

a lz

"7 '7F.

8. 87+tx"*

10 "68

O
I

6 "7L g ,6' 58 "77 6 ,96 ro 
" 
64

5 .9L L2 "2's 49 ,77 5 ,86 ]-l ' OJ
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Idomencl-atr.ire of the bis-qua.ternary salts of

10-d ial-kylamino alky]-- 2-az apheno thi az ine s

I.,KKTV:

IXXV:

txr(vf :

I¡XXVII:

IXXVI]I:

}XXTX:

IXXX:

LXXXI:

Irime thyl ene þiÊt 2- ( 2- az apheno t hi az ln-LO -yL)

e thyf ] d.inethylammoniu¡n bromide .

Pentamethylene þiÊ[ 2- ( Z-azaphenothi-azin-IO-yI )

ethyJ. ] d-imethyl-amrnoniu-m bromid.e .

Decamethylene þþi 2- ( Z-azaphenothiazin-lO-yt )

ethr¡l 'ld 
i methvla:nmoniuro bromide .v vrJJ!J

Di e thyl arnine 2, 2 | -b i s t Z - ( Z-az aplneno t}ij-.azj;n-lO -yI )

propyl ] dimethylaranonir.¡m bromid.e .

'Irimethylene þist 2-(?-azaphenothi azin-l'}-Vf ) -
I -me thyJ- e thyJ- ] d ime t hyl-ammonium bromj-d e "

Pentamethylene þ¿gt 2-( Z-azaphenothi azirn-LO-yj- ) -
J--methyJ-ethyl ] dinethyla¡nmonÍum bromid-e "

Decarnethylene þf s[ 2-( Z-azaphenothi azín-LO-y]) *

t-nethylethyl- ] d.irnethylammonium bromid e .

Di e thyl- amine 2, 2 | -bi sl Z- ( Z- azapheno th íaz Ln-LO-yf )

-}-methylethyl] d imethylammonium bromid.e.

"l-O-Chl-oroacetl¡I-1-azaphenothiazine 
r' (fruUf f )

50 S. @"2, moles) of L-azaphenothiazi-ne, J4 g. @"52

moles) of ch-l-oroacetic anhyclri-de and 75 g. (0"79 moles) of

chloroacetic acid. ïiere refl-uxed. for t hour, with constant
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sti-rring, in 25O rr-L. of dry dioxane. [he hot mixture was

poured into I I. of hot water and- fil-tered.. The precipitate

was washed- with hot ethanol until- the washings \¡Iere color-

]-ess then d-ried. to yieJ-d. 41 g. (63 percent ) of a f ine fluffy
yellow-green soJ-id.r ü.p . 275-277oC. (d.ecomposition).

.4. smal.l sample was prepared for anal-ysis by recry-

stal-lization several times from gJ-aciaì- acetic acid. (charcoal)

to yietcl fine pale yelJ-ow fluffy needles, fl.F. 276-277oC.

(with decomposition - grad.ually darkeni-ng before the rnelting

por_n-E / .

Calcul-ated. for C15I{9C1N2025:

Calculated for CaSHgCliV2OS :

Forrnd,:

Cal-cuJ-ated for C15HgIIT20S:

Foirnd.:

tr hA a't.v, )v.91,

c, 56.42;

Q , 56 "99;

'J ) e^.¡1 
' 

Lovvt

'fJ 7 )4.LLg // e LV 
'

tt 
^ 

tx.trt /loLv9

N, 8.85 .

i{, 10"12.

i{, B . 60.

Hydrolysis of 'rl-O-Chloroacetyl--l-azaphenothiazine'l

2 g. of rrJ-0-ch-l-oroacetyl-I-azaphenothiazine" r^iere added

to a mixture of 5 nt. concentrated hyd-rochJ-oric acid. and- 15

mJ.. glacial- acetic acid. and refluxed. for fifteen minutes. fhe

reaction mixture was basified and- the precipitated soJ-j-d was

filtered off. Recrystallization from al-cohol yield.ed a buff

col-ored. sol-id-r m.p. 198-199oC. The averað^e yield- T¡Ias approxi-

mately 50 percent.

c, 64 "9"1 ;

c a 64 "7L;

TT 7 XR.-., ) ø -/./,

H, 3 "62;

N, 11"65,

i{, 11.05,
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tf l C)-f Þi nar.,i d i rror eetr¡l ) -l -a vattÀ^'¡n*'l¡-ì - zi.n, "\¡¿rJv!¿u¿rrvøvv u.yr / * -,-@ tl't/iÅIJJi

20 g, (0,O72 rnoles ) of frlO-chloroacetyl-L-azapltenoihi-

azinett and- 18.3 g. (0"22 moles) of piperidine Ì¡Iere heated.,

with constant stirring, o0 a boiling water bath for I hour in

200 ml. of N¡N-d-irnethylformamid"e. The d-ark brou¡n mixture \^ias

cooled overnight in the refrigerator and. filtered.. The pre-

cipitaie was I^IaShed. with r¡rater and. the fj-ltrate was poured.

into 11. of rrrater, basified- r^rith sodium carbonate and" fil-

tered. the so1id. co]lected. was recrystall-ized. several times

from isopropyl al-cohol- (cha.rcoal) to yietd. lB g" (77 percent)

^of smaJ-l yell-olv needJ-es r m"p . L77-I79'C' (d.ecomposition).

See Table III for analysis d.ata"

tr I O- I Pi n eri 6 ì n oa.c e t v1 \ -I-a.2,- nl¡ arr n J-Ìr i - ry Å m otl m6n9-OXalat e\ ¡!vv¡+v-¿rIV9,vv u,y r/ - .*-AVllUalU UI!*CL?

/ r rrr¡r¡trr \
I lJlLÂÀI V ,/

0,5 go of the amine hlas dissolved in 150 m]-. of hot

dry benzene and an equimola.r concentration of anhyclrous oxal-

'in onìÄ 'in årt7 þçy¡7ene WaS ad.d"ed," The sol-ution was al]-owed-¿U C¿UIU ltl UI J

to cool and- the Sa.lt precipi-bated" out aS a yellol^r solicle rlnpo

232,5-2330Ç. (decomposition) with frothing at the melting

Ðoint,
TJi A Ê,ALLg a a v) o

H' 4"95 "

Calculated f or C22IL2aO 5t{5S :

Found.:

c,

ce

ÃA /^'rn.

) I o) | J
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"lO- (Piperidinoacetyt ) -1-azaphe lhl
(r,:cccv)

0.5 g. of the amine was d-issolved in l-50 ml-. of dry

benzene e Ðrr equimolar concentration of methyl iodide was

add-ecl i"nd the mixture was allowed to stand overnight. The

precipitate which formed r,'ras collected ¿i.nd dried to yieJ-cl

a yel-J-ow sol-id r m.p . 229"5-27OoC. (decornposition).

" 1 O - ( P i p e ri d j-no a c e t y L ) -L- az aphe no thi ?.zf4q|!_fqq4q d.rochi-or

/ r'.¡'v"rzrr-r \
\IJ-¿\J\I\V r /

Dry hyd.rogen chJ-oricle gas lras passed- through a benzene

solution of the aniirre. The precipitate was washed. with hot

isopropyl- al-cohol a¡d. dried. to yield a buff colored solid. of

ind.efinite nelting point. 1l-o suitable sol-vent was found" for

recrystatlj-zation. The salt was al-so slightl-y hygroscopic

and j-t was not therefore suitabJ.e for anal-ysis.

I¡our ülore

using the above

with d-etails of

sj-milar aminoacetyt d-eriv¿rtives r^Iere prepared

method. 'Ihese are listed. in table III along

the preparation and" the aneLlysis results.



Compoun.d
N'o o

TABLE III

r t 1 0 -Sub s t it ut e d- amin o a c et y L-L- ar- aph e no th i..l z in e s I I

IXJiliVIII

R

TJÐffiIX

AT
-\/J

mo'lJo(oh \

ú/c

Y
i
ç
I
c1

LX]C{III

Reac- Heat-
ti on -l'rr.o'*_-o

Temp. Time
(oc. ) (Hrs. )

276-7+ 63 r)3 r-

XO

o
r73-5n 72 100 ]-

lì a n r.,rr.-

stalli-
zatj-on
Solvents

xcT"

-N I\]_CH¡

\__/ 
/

,', r9Hz;..,I,F2'::;,::,1¡' :, ;.,. \27,,, $+ 1-!,,, aoo

LJJ-7y, 77 LOO I

XCÏT

Ana.lYsisx-r
Theoretical- Found

,'/"c %n %N %c %u

G]-aci-al
acetic
acid

Iso-
nrn n¡¡l
a.].cohol

CI{o-C}lc-CIJzL¿.)

* T)raeomnosi t'r' on.

"1'"Y All the ca,lculated v¡lllres a,Te based. on the expected. formula plus CeC (see page 50).

228-30+' 70 L25

cr12-cr-r3

CH2-CI-12-CII3 LJ2-4x 67 IOO

-N

56 ,89 2 "86 B. 85 56 ,gg 3 "LB g, 60

fìnm-nnrr¡Ä .i\Tn
v vrrr l, v urru r\ v ô

6+,94 4.,88 11"96 65,0O 5.48 11.85

Is o- 65 "73 5 "24 11,50 'oj ,57 5 "54 10 
" 91

propyl
alcohol

ñ ^+3llli yo V!

oxalate
vative

nono-
d-eri-(ot \

N,N-D1- 63.L4 5"3O 14"75 63"Lr J"5J L4"40
methyl-
forma-
mid.e

m n n-Ê maf'lr¡¡-l,rr o ìr ð llv urlJ -,-

ioclíd e deriva-
tive

I.,XXXI](

^^- ^^- -O¿¿)-¿¿) o)

I Á ....ar,,'.r-rar-

sítion)
-Ênnl-l¡ i ' æ-L¿ V Uf,¡rlaõ

at m.p.

%N

$rner/

IìIXXIII XC

232"5-2330
\ clecompo-
sr-ür_on /
fr-nl:rn i no'
at m"p"

Â-ìl l:hr. m,.thrrl- jgfl"i¡les r,fere formed. by d_issolving 0"5 g" of the tertriary amine in 200
ml. of benzene, ad-d-ing a molar eo.Lrivalent o11 meihyl ioclid"e ¿r,nd allor,,ring the mixture
to stand, overnight. the yellow precipitates were collectecl, washed. r¡¡i'bh benzene a.nd.
clried.. Al-Ithe methyf iodicle clerivatives gre"rclually darkened- before the melting point,

Iso- 66"10 6.08 11.02 64"89 5.92 10"85
propyl
alcohol

222 "5-2';Oo 2L2-2L2.5o
I ,1 o ^^--^- ( ,1 .\ ue uOflrto- \ u-ecom{)o-
sr_ïl_on/ sr_ïr-on/

64e5,7,: ,5." 4.2,,,LL-gO 64 "72 5 - 67 LO..gr

I

c0
u.l

I

XCT

23O-23O "5oI Â o^^'-^-
siti on )

^ì ^ ^1 ^ -al¿L¿-¿L¿ " )"
( decompo-
sition)
f .¡n th -i zr o'

at m"p"

XCII

ra)¿L)-¿L).)"
\ clecompo-\
sr--t l_on /
f r-nth'i n¡"
a-t m"po

L92,5-L950
( d ecompo-
sr_-u a on /
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Bís-quaternar:v salts of the rrl-0-substitil.ted.aminoacetyl-l--

aza-phenothiazine tr d.erivatives

J moles of the substitutedaminoacetyl d-erivative were

mj-xed with l- mol-e of s:tJ-dibromoal-ka.ne in 25 ml-. of chloro-

form. rlhe mixture Ïüas refluxed for one hour then the chl-oro-

form was sJ.owJ-y removed by evaporation. The resid-ue was

heated on a water ba.th under red-uced. pressure to remove the

last traces of solvent :ind" the sol-id resiclue was powclered

and- extracted. l'rith hot benzene "

'Ihe compounds prepared Ín this maianer are h-sted in
m^'ht ^ TTr!AW!ç ! V õ



Compound Sta,rting Dibromo-
I\lo, Compound- alkane

XC]IT ]-,&XXIX

XCIV L;çffiIX

;TCV INL\IX

XCVI I,)CKXIX

XCVII L)T;XXITI

XCVIII LX,I{XIII

TiCIX LXXXIII

c tÐüilrl
CI XC

CI] XC

CTII XC

CIV XC

'rI0-Subst

a

h

d_

S'i n*api rrc¡ lVfol ti rrrrv !f f, u vJ r.(rõ r'r9 ¿ u rrrõ

Point Point
(oC. )* (oC. )

TABLE IV

2L5 2L7-g@.) 54,4.2

224. 256-7 (d.) 55 .36

2O7 210-12(d. ) 57 "48

234 j-nd ef inite 54"02

206 2:-3-6(d") 55.36

2O7 210-12(d" ) 56.25

Lg3 205-B(d, ) 58,24

245 j-nd.efinite 54,94

2O7 210-15(d" ) 53,64

L97 204.-6(d,) 54-"54

2O'; 2L7-20(ð,") 56"60

L95 inclef j-nite 51.28

Å

l,ì

r1

'/¡ l¡"rl- cornpounc-Ls ¿]raclually d-arken in color before sintering, slowly turn bl-ack
a,nd- froth at the meltiirg Point "

,+{- 4"11 the calcula,ted analysj-s figures aï'e based- on the expectecl structure (CV) below
plus CZA on each azapbrcnothia.zine unit o

T.,){XXIX = tr10-Pyrrol.iclinoacetyl-t-aza.phenothiazine rl

IXXXIII = rrlO-Pipericlinoacetyl-t-azaphenothiazine rl

XC = "10-(4-methylpiperazinoacetyl)-L-aza.phenothiazi-rte¡l

Analysis
Theoretica]-ex

%c %t+ %ls /,c

b

d

4" 46 9,29 5t .56

4.75 9.0r 54.27

5.43 8*38 57 ,23

4..64 10.50 52"63

4,75 9.01 53.82

5.O4 8.75

5.67 8"15 57,48

4"93 10,20 53.56

4"82 LL.64

5.09 Lr"3L 54.L6

J .7O 10" 56 54,37

4"98 L2.71- JO"42

Forurd

%w %N

4,5L 8.94

5.20 9.20'

5. gB 8.2+

4.54

4.60

-(\(

\,-\

h

rl

: lrJ-Dibromopropane

: lr5-Dibromopentane

= 1rlO-Ðibromodecane

- 2, 2r -Di'bromod.iethylamine

I

co
\'I

I

s

EôO

4.52 9.27

t[
I

C_
ll
U

HiP

r-ì -kú-

5 "23

/l Ro-fovJ

++
_nIjI-/\-1]-rì-vLL2 þú. JL \¿

PECTED GUIüERA.L SÎRU

Pyrrolid.ine, piperid.i-ne, N-methylpiperazine

-(cbl2) 3-, -(cIT2)5-, -(ctt)ro-, -clI2clI2NI{cH2cH2-

^(--rl-l\-\*-l|-¿l
I

_cH2_ 
1o_]

IRUCIURE CV
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2- ( 2-Bromophenylthio ) -1-nitropyricline (rOe ,104 )

IOO g. @"AZ moles) of 2-chl-oro-3-nLtropyrid-ine in

ISOO ml. of 95 percent ethanol were ad.d"ed. to a stirred solu-

tion of 120 g. (0"64 moJ-es) of o-bromothiophenol and- 25 8"

n-r on¡tirrm hrrrlrgSiflg in 700 nl . Of Watef . The miXtUfe WaS\rI ÞvuJ l./{u ¿tJ ur

refluxed for I0 minutes and al-l-o'wed io sta:rd overnight in

tlie refrigera.tor. The yetlorri precipitate r,'ihich formed- was

collected and. dried. to yield. f86"5 g. ßS percent) of smaJ-l

gold en platelets , o. P. fJ-5-l-1600 "

A small sample tnias recrystaltized frour 95 ;oercent

ethanol (charcoal) to yield srnall yello',u platelets, o.P.

ll5. J-LI6IC. The melti_ng poj_nt reported- in the literature

is 116oc. (roz¡ 
"

2- ( 2-Bronophenylthio ) -5-aminopvrid-ine (fOz,104 )

91 g. (0.50 moles) of z-(z'btomophenylthio)-5-nitro-

pyridine and 5O5 g. of stannou-s chJ-orid.e d.ihydrate ÏIere re-

fl-uxed- for 4 hours in a mixture of 1450 n¡-1. of 95 percent

ethanol and- l- I. of concentrated hyd-rochloric acid-. 'Ihe mix-

ture was cooled. stightly and- slowly made alkah-ne with a con-

centrated- solution of sodium hyd-roxid-e. The alkali-ne solu-

tion was cooled and ex'bracted. l'¡ith ether. The ethereal solu-

tion was washed. lqith a smal-l a.norrnt of water, dried- over an-

hyd-rous sodium su-lphate and evaporated to dryness u-nd-er red-ueed
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pressure. The tan solid residue was powd.ered- ¿¡nd d.ried- to

yiel.d. BO S. ß> percent) of z-(2-bromophenylthio)-5-atino-

nr¡r,ir1ii¡a n- ô, 6B-?BOC. the solid was d-issol-ved. iir the mini-yJ J ¡ulff v

mum amount of hot ether, treated with charcoal and filtered.

Petroleu¡r ether was ad-ded to the cloud point and- the solutj-on

was then allowed. to stand- overnig'ht in the refrigerator" the

precipitate was collected and dried to yield a light brown

sol-id.r m.p. BO-B7oC.

À srnal_l_ sample was recrystalli-zed several times from

an ether/petroleum ether mixture (charcoal-) to yield a pale

yel1ow solid.r fl.p, 87-9IoC. The melting point reported j-n

the titeyature is 93oC. (rOz) 
"

 -LzøÈrcnotlnj-azi:ne (fOZ , f04 )

94 S" (O.33 inoles) of Z-(Z'Vromophenylthio)-5-amino-

nrrri¿ine- q6 E. ^-Ía ornlr¡¡ÁF^rr^ nn'l-ocoirrm ^afbgnate a:fd_ l0 g.
ó. UI a.ILLLJ LlI'Ut¿Þ y\J t/d'ÞÈrwr¿ vc

n-Ê rìônnêr. nornrri.er lÍere refluxed- fOr 18 hOurs with cOnStantv! vvyl/vr

stirring in 7OO ml_. of t\rN-d.imethylformamide. the bl-ack

mixture was cooled., filtered. (to remove the copper powder)

and- poured- into 2 l-iters of water" 'Ihe precJ-pitate which

formed. was collected", extracted with small amounts of hot

benzene to reüove the bulk of the impurity and the r;nd-issol-

ved resid.ue was recrystal-lized- several times from chloroben-

zerLe (charcoal-) to yiel-d. I"5 g. of  -azaphenothiazine as a

yellow solid-, n.p. 24L-242oC-



J{PPEII'DIX I

NOI"IEii]'CLATUF¡

There are for.¡r possible monoazaphenothiazines and tirey

a.re called- 1-, 2-, 7' anð'  -azaphenothiazine d-epend-ing upon

the manner of fusion of the pyrid-ine ring to the benzothia-

zLne nucleus"

There is some confusi-on in the literature as to the

nu.mbering of iJne azaphenothiazine nucl-eus and thus L-aza-

phenothiazine is someti-mes call-eo. 4'azapnenothiazine and

vice versa; there is similar confusion r¡¡ith 2- and' J-aza-

phonothiazíne. The numbering system r'¡hj-ch will be used

throughout this paper is shown below (fO5):

:GÓ:
This numbering is id.entical v¡ith that of phenotlni-azr.ne and

perr:rJ-ts read.y comparison of the two series.

Systema-bically, the azapltenotlii-azines are named as

nr¡ri r'l n rl cri rra tives of benzo tn.íazj.ne .

The Butterlrorthr s publication on the international un-

ion of pure and applied- chemistry rromencl-ature rul-es s't a.tes

tirat (rrr):

H
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"fsomers are d-j-sti:aguished by l-ettering the perj-pheral

sid.es of the base component, a, b, c, etc., begi¡ning with raf

for the sid-e 'LrZ', tbt for the side t2r5', and lettering every

side arorrnd. the peri-chery. To the letter¡ âs earl-y in the

alphabet as possible, d.enoting the sid-e wh.ere fusion occurs

are prefixed., if necessary, the numbers of the position of

attachment oÍ' the other component. These letters are chosen

to be as low as consistent with the nurnbering of the component,

afl.d their order conforms to the dj-rection of l-ettering of the

base coroponent.,. rlne m.mbers and- letters aTe enclgsed- in

square brackets and placed imrnediately after the designation

of the attached- componen-t. Thís expression merel-y d-efines the

manner of fusion of the comporLents . r'

I lar
s<,

le-''b'
N<5
A I nl'1 V

4

5/\5
Itl

z\r( ø

t
Þrr-r.iÁirratsenzothiazj.ne

The systematic name for L-azaphenothiazine

IOH-pyrido-[ 3 ,z-bff-l-,4] -benzot rriazine -

The systematj-c name for Z-azaphenothiazine

tOH-pyrido-[ 4,l-bf[r,4]-benzotlr:.azinec -

The systematic name fot \-azaphenothiazine

5ii-pyrid. o-13 ,4-b] [ r, + ] -benzot]níazine .

The systematic name fot  -azaphenothLazine

lH-pyrid.o-[ 2 ,l-bf[r,4] -benzotnj..azj.ne "

l_s

is
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fhe Butterworth's public¿rtion (tlZ) also states that,
ttwhen a nâme applies equalJ-y to trvo or more isomeric conden-

sed narent rir^ ^-'^r-^'-a "i+h the maximum number of noncumula-pvs }/ar vr¡ u ¿ 4tIÈ; ÞJ Þ t/\'IuÈ ÌvI u.

tive d-ouble bond s and when a name can be riade specific by in-

d-icating the position of one or nore atoms in the structr.ire,

this is accomplished by mod.ifying the na.rne of a J.ocant,

fol-lolved by italic capital rHr for each of these hydrogen

atoms. Such symbols ordinarily preced.e the name. The said.

atom or atoms are cal-l-ed rind"icated hydrogenr.'r

Another ¡nethod by which these compound-s can be named.

is the f .U.P.A.Co trail nomenclature (or repl-acement nomencl-a-

ture). Thus, L-azaphenothiazíne cou-l-d be naued lO-thia-l:9-

diaza-anthracene "
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