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ABSTRACT 

Thiaz010(5,4-f)isoquinoline, a naw heterocyclic ring 

system has bean s~thesized from 6-aminoisoquinolina in four steps 

by reaction wi th potassium thiocyanate a'.ld bromine to gi ve 6-amino-

S-thiocyanoisoquinoline, cyclization with hydrochloric acid to produce 

2-aminothiazolo(S,4-f)isoquinoline, Sandmeyer reaction to yield 2-

chlorothiazolo(S,4-f)isoquinoline and reduction with ~driodic acid 

and rad phosphorus to give thiazolo(S,4-f)isoquinoline. The synthe-

sis of thiazolo(4,S-h)isoquinoline was achievad in a similar way. 

The attempted syntheses of thiazolo(S,4-h)- and thiazolo(4,S-f)-

isoquinolines ",vere unsuccessful, howaver sorne substi tuted thiazolo-

(S,4-h)isoquinolines were obtained. The infrared, ultraviolet and 

nuclear magnetic resonance spectra of isoquinolines, thiazolo(4,S-h)-

and thiazolo (S ,4-f)isoquinolines and their deri vati ves we:re also 

studied. 
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GENERAL INTRO~UCTION 

This dissertation reports the syntheses of sorne thiazolo-. 

isoquinolines, a class of compounds resulting from fusion of the 

thiazole and the isoquinoline rings through two adjacent carbon 

atoms. Eight thiazoloiso~uinolines are possible and of the eight 

isomers, only thiazolo(4,5-c)- ana tbi~zcl~(5,4-c)iso~uinolines have 

already been investigated. These two isomers differ only in the 

orientation of the thiazole ring on the pyridine ring of the iso­

quinoline nucleus. Therefore i t was of significance and interest 

to develop methods for the syntheses of the unknoym thiazoloiso­

quinolines and their derivatives. The isomers chosen for this work 

were thiazolo(4,5-h)- and thiazolo(5,4-f)isoquinolines. In these 

structures, the thiazole ring is fused to the benzenoid ring of the 

isoquinoline nucleus. The study of the spectra of thiazolo(4,5-h)­

and thiazolo(5,4-f)isoquinolines and their derivatives ,;Y88 also 

undertaken. 

The spectra of the substituted isoquinolines UGGd as 

intermediates in this v/Ork were unknown, therefore i t was of great 

interest to record their infrared, ultraviolet and nuclear magnetic 

rssonance spectre. and to establish the main spectral characteristicj 

~f the39 compounds. 

Sorne unexpected reacti0ns 7,3re obser'v8cL cluring the attemptecl 
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S1Dthes8S of tbiazolo(5,4-h)- and tbiazolo(4~5-f)iso~1nolines, 

e.g. oonversion of a thioc18no group to a th10I using mereI7 

bTdroohlor1c acid and ethanol. 



• 
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HISTORICAL In'ROmCTIŒ 

Ot the eight possible thiazo10isoquino1ines, on1y thia­

zolo(4,5-o)- and thiazo10(5,4-o)isoquinolines have alread7 been 

iavestigated (2,3). No thiazo1o(4,S-t}-, thiazo10(5,4-t)-, th1a­

zolo(4,51)-, thiazo1o(S,4-g)-, thiazo1o(4,5-h)- and thiazo1o(5,4-h)­

isoquinolines have been previous17 syDthesised. Several thiazo1o­

(2,3-a)isoquinolinium oa.pounda bave also beea prepared b7 1,3-

dipolar addition ot oarbon diaultide to benz71isoquinolinium sa1ts 

and a1so b7 the reaotion ot aoid ohlorideswi th 1-isoquino17l th1o­

aoetonitrile (38, 77) • 

The thiazoloisoqginolines are n&med aooording to the 

. naaenolatlU'e 1'\Iles given in the Ring Indu: b7 PattereOll et al. (1). 

The base componeat ot th1azo10iso~inolines is isoquinoline, beoause 

it is the 1argest individual ring. Beth anguler and linear anne .. 

lations are possible in the thiazoloisoquinoline series. The angiilar 

annelation provides six ot the e1ght possible J.somere wh1ch are 

analogous to the phenanthrene series, while the wo 1sOllle1'8, thia­

zolo(4,5-g)- and thiazo1o(S,4-g)1soquinolines, involve linear anne­

lation analogous to the anthraoene series. The tour thiazoloiso­

quinolines wh10h Will be discussed presentl7 (thiazolo(4,S-t)-, 

thiazolo(5,4-t)-, thiazolo(4,S-h)- and thiazol~(5,4-h)iso~inolines) 

are ot the angular annelation type. The tiret two oompounds tom 

a pair ditfering on17 in the orientation of the thiazole ring on 
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the benzenoid ring of the isoquinoline nucleus. This applies 

sim±larly to the ramaining two compounds. The structure and num-

bering of the eight possible thiazoloisoquinolines are listed on 

the following page. 

GENERAL CONSIDERATIONS OF THE SYNTHESES OF TBIAZOLOISOQgINOLINES 

Âpart from tbiazolo(4,5-c)- and thiazolo(5,4-c)iso-

quinolines, other compounds of tbis series may be ~repared by 

either annelation of a thiazole ring onto an isoquinoline nucleus 

or building of a pyridine ring onto the benzene ring of the benzo-

thiazole nucleus. The syntheses of thiazolo(4,5-c)- and thiazolo-

(5,4-c)isoquinolines involve only the formation of the tbiazole 

ring, since the thiazole ring of both compounds i6 fused to the 

pyridine ring of the isoquinoline nucleus. However, the method 

involving the formation of the pyridine ring was not considered 

because it would require lengthy preparation of benzothiazole de-

rivatives. The methods of synthesizing the thiazole ring have been 

grouped according to the type of ring closure. Tbree important 

t~~8S of ring closure are indicated below. 

Type .A rrype B Type C 
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7 

8 

7 

6 5 
{4,5-f] 1 1 1 

6 5 

[4,5-h] VII 

-5-

56 5 

{4,5-C} 1 t5 , 4-c1 1 , 

6 5 

[5~4-~ V III 

C HART 1 
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The methods of the~e cyc1i~ations are grouped into types 

A, Band C, respectively. They can be extended to the preparation of 

naphthotbiazo1es and thiazolo~uino1ine8 as weIl (9,12,67,68). 

Type A synthesis invo1ves reactions of o-aminoary1 thio18 ·~,i th 

a1dehydes and carboxylic acids or derivatives such 88 8cid chIo-

rides, or anhydrides. 

XIX 

X X 1 

An example of this synthesis ici the conversion of 2-amino-

4-chlol'othiophel1ûl (XIX) to 5-chloro-2-pheny1 benzothiazole (XXI) 

by treatment VQ th bsmzoy::' c~::'oride in dimethyl.:miline (7). 

2-Benzoylamino-4-chlorothiophenol (XX), an intermediate, vras 

prepared and shown to cyclize readiIy. SimiIarIy, 2-methyIthia-

zolo(4,5-c)pyridine was prepared from 3-amino-4-mercaptopyridine 

anr1 acetic anhyd.rid.e (90) and 5-chloro-2-methyl benzothiazole ':,'8.8 

prepar'2.l from 2-::.mino-4-ch1orothiophenol On the other 'h~md, 

the reaction of 2-amino-4-chlorothiopheno1 wi th acetaldehyde in 
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pJridiDe gave 2-am1no-5-ohlorobensoth1azo11ne wh1cb wa8 oonverted 

to 2-am1no-5-ohlorobenzoth1azole upon recr.JStalllzat10n (8). The 

requ1red ~iDoar;yl th10ls eaD be obtalned through the reductlon 

ot b18-rl1tropherqldisult1de derivat1ve. or b7 the actlon ot .u1t1ar 

lIODoohloride on the ~drochloride. ot a171811d.nes (40, 41) 

1'.Jpe B .JI1thea18 lavo1ve. C1cllzatlon of th1oac7lamldo aro_tlc 

OODlpOUDda. It can be divided lnto two ola.ae. depenc11q UpOD the 

nature ot the Bubetl tuent. requ1red to briDg abaat the qo1l .. tlon. 

1) Jacobson SlPtbea18 

x X Il - XXIII 

'l'he C7cllzatlon ot ID-n1 trothiobenzanl11de (XXIl) to 5-" 

nltro-2~hen7lbenzoth1azole (XX1ll) 1. aD example ln this group. 

It wa8 tound b7 Jacobson (6) that tbioanl11des and th10urethanea 

11e1ded upon axldatlon with potas8ium terric1Bnlde benzotb1azole. 

and tbeir 2-alk0X7 derivatlves. When the method was applled to 

the o7olizat10n ot thioacetanl11d:; 1t 1ed to the tOzmatiOD ot 



• 

2~eth71benzothiazo1e (6). Stœl1arl7, the o7olisation ot 2-

aoetamidoP7rldine with potaaaiua fer.r1a.yan1de gave 2-..tb7ltbia-

.010 (4,5-b)p7ridiDe (88). 

(2) B',erachott SlDtheai8 

H 

'C-NHCaH5 
Il s 

XXIV XXV 

Thia .ethod 1areatricted to the preparat10n of amiDO­

benzothiazo1ea trom a%'71thioureas. Ibgerschotf' (4), uaing 

d1phen71thiourea (XX1V) and bromine, obta1ned 2-pbeD71am1Do­

ben~othiazo1e (XXV) • S1mi1arl7, 2-Di tropbeD71 thi~re" Tieldeel 

2-emino-4-a1trobenzothiazole (10) and 2-am1Donapbtho(1,2-d)­

thia.o1e was obta1Ded trom 1-aapbth71thiourea (43). 

(3) Syptehs1a Througb Arzpe IDte~ed1ate 

\ 



H 

'c-CSH5 
Il 

BV' S 

X X V 1 
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XXV Il 

2-Phenylbenzothiazoles were also prepared from o-bromo-

thioacetanilides by the action of potassium amide in ammonia (84, 

85). Thus, 6-metbyl-2-phenylbenzothiazole (XXVII) was obtained 

from 2-bromo-4-methylthiobanzanilide. This reaction involves the 

addi tion of a sulfur nucleophile to an aryne intermediate which 

is formed by treatment of a sui table" aryl halide wi th strong base. 

~e C synthesis involves the cyclization of o-thiocyano arylamines. 

+ 
H • 

XXVIII x X 1 X 
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The oyclization ot 4-metbyl-2-thiooyanoaniline (XIVlll) 

to 2-amino-6-metbylbenzothiazole (XXIX) 1s a good aample ot this 

type (18). The required thiocyano arylamines are d1rectly pro­

duced by treatment of' p-subst1 tuted arylamines wi th thiooyanogen. 

Thiooyanogen oan be foraed by eleotrol1B1s ot concentrated aqueous 

solution of alkal1 metal thiooyanates (39), oxidation ot a thiocyanic 

acid by meane ot lead tatraaoetate or lead ox1de (82), or reaot1on 

ot alkali thiooyanates With chlorine and aram1ne (22,58). Thiooyano­

gen torma a colorless cr,ystalline solid on cooling and melts at-3° 

and -2°.It 1s h7drolyzed q, water and 1s decomposed by aloohols. 

In most ot 1ts chemcal propert1es, thiocyanogen displays marked 

resemblance to the halogens and may be assigned a place between bram1ne 

and iod1ne. The ortho-subst1tuted thiooyano ar.rlamines can \UJually 

be 1solated, although direct cycl1zat1on 1s also possible. 2-

Audnothiazolo(5,4~f)~inoline has been directly obtained by the 

reaotion of 6-aminoquinol1ne with thiool'anogen (57). Hall and 

Taurins . (2) have reported the thiooyanat1on of 3-aminoisoquinoline 

whioh gave 3-amino-4-thiocyanoisoquinol1ne. The oycl1zat10n of 3-

amino-4-thiooyanoisoquinolina to 2-aminothiazolo(4,5-c)1soqu1noline 

was 'hen etfected q, treatment with ~drochloric acid. 

Generally speaking, tor the syntheses of thiazolo1so­

quinolines, the immediate precursors could be o-am1nomercapto­

isoquinol1nes, thioacylamidoisoquinolines, 1soquinolylthioureas 

and o-aminothiocyanoiso~inolines, how~ver, these have not been 

reported in the literature. 
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The o7clization of 4-metbyl-2-thioc7anoanili,'\e (XXVI l 1) 

to 2-amino-6-metlq'lbenzothiazole (XXIX) is a good exemple of this 
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In the A type synthesis, 7~mino-8-mercaptoisoquinoline 

can be prepared from 7-chloro-8-nitroisoquino1ine (13) in a manner 

analogous to the preparation of o-aminothiophenol from o-chloro-

nitrobenzene via a disulfide inter.mediate. The immediate precursor 

for the B type syntbesis, 5-thioacetamidoisoquinoline and 5-iso­

quinolylthiourea can both be prepared form 5-aminoisoquinoline (XL). 

5-Thioacetamidoisoquinoline can be prepared by the reaction of 5-

acetamidoisoquinoline in benzene in the presence of phosphorus 

pentasulfide. The preparation of 5-isoquinolyl thiourea (XXXII) 

involves the condensation of 5-aminoisoquinoline (XL), carbon di-
o.· 

sulphide and triethylamine at room temperature to give trietbyl­

ammonium-5-isoquinolyldithiocarbamate (XXX). The latter compound 

when heated gives 5-isoquinolylisothiocyanate (XXXI). The reaction 

of 5-isoquinolylisothiocyanate (XXXI) with ammonia gives 5-iso-

quinolylthiourea (XXXII) (79). 

XL XXX 

S lA 
N=C=S 

Il 

NH-C- NH2 

x xx Il x X X 1 
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In the C t"e s1lltlùtals, a convenleat metbod of prepar.lng 

o-..1Doth1oo7BDo1so~no1lneB can lDVo1ve the treatment of amino­

lBoqulno1lneB direct17 wlth tb1oo78nogen. 

5-, 6-, 7-, and 8-Am1nolaoqu1no11nes were obta1ned from the 

correspondiag b7drOXJ1Boquino1lnes b7 the lù.berer reaot1on or 'b7 

reduot1on of·tbe oornBpondiag n1~ro oOIDPOW1ds (13,15,16,31). 
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DIS~ùSSION OF RESULTS 

SYNTHESIS OF T'rIIAZOLO(4.5-h)ISO@INOLll-m (VII) 

The first intermediate required for the synthesis of 

tbiazolo(4,5-h)isoquinoline (Vll) was 7-amino-8-thiocyanoisoquino­

li ne (XXXVll). Thiocyanation of 7-aminoisoquinoline (XXXVI) with 

thiocyanogen gave 7-amino-8-thiocyanoisoquinoline 

was converted to 2-aminothiazolo(4,5-h)isoquinoline 

(XXXVll ) whi ch 

(X) on cycli-

zation. Diazotization of 2-amino·l;hiazolo(4,5-h)i::;oquinoline (X) 

and subsequent reaction with cuprous chlo~ide led to the formation 

of 2-chlorothiazolo(4, 5-h)isoquinolitie (IX). The reduction of IX 

'!:i th rad phosphorus and hydriodic acid gave thiazolo(4,5-h)iso­

~uinoline (VII) • 

(1) Preparation of 7-Aminoisoguinoline (Xl~Vl) 

The preparation of 7-aminoisoquinoline (XXXVI) 1s 

outlined in chart 2. m-Hydroxybenzaldehyde (XXXIII) was condensed 

wi th aminoacetaldehyde dietbylacetal gi ving m-bydroxybenzylidene 

aminoaeetal (~~lV), a Sehiff base, and cyclization of the latter 

compound ,vith 76'/0 sulfuric acid gave 7-hydroxyisoquinoline (XXXV) (17). 

Re2.ct:i.on of XXXV vii th a solution of arrmonium sulfite under 13ucherer 

reaction candi tians gave 7 -aminoisoquinoline (XXXVI) (5) • 



1 
1 _ 
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1 

o NH2CH2CHCOC21-:f5)2 • 
CH~ . 

XXXIII 

x X X V 1· 

• ( NH4)2S03 
150 0 

t 16 h ... 

CHART 2 

HO· 

(2) Preparation ot Thiazolo(4,5-h)isogu1noline (VIi) 

XXXIV 

XXXV 

Tbioc18nation ot 7-aminoisoquinoline (XXXVl), with bro­

mine and potassium thioe7anate in 95~ glacial acetie acid solution 

gave a .78110. precipitate. Attempts to PUri.t7 th1a yellow compound 

were UDsucoesstul, the oO~OUDd b8i~ insoluble in the eomaon sol-
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vents. However the crude substance was identified as a thiocyano 

derivativa by its infrared spectrum which showed the tbiocyano ab­

-1 sorption at 2144 cm • Also the absorption pattern of the primary 

amino group for 7-aminoisoquinoline (xxxvi) (three bands at 3415, 3290 

4) 4 and 3148 cm was changed ta 3445, 3365 and 3228 cm • 

The nmr spectrum of the thiocyanation product in deu-

terioacetic acid showed two doublets centered at 8.45 and 8.02 ~ 

wbich were assigned to H3 and H
4 

respectively. The poorly resolved 

quartet centered at 7.75 h of an intensity equivalent to two pro­

tons -.vus assigned to two protons (~and H6 ) and the sing1et at 

9. 23 ~ was assigned to Bl. In aIl probabi1ity, this suggested the 

pre8ence of 7 -<?::lino-8-thiocyanoisoquinoline (iGL1:Vll). 

Treatment of the ye110w crude substance with a1coho1ic 

bydrochloric acid (ethanol; ~r hydrochloric ocid 1:1) for 

three hours gave a ye110w crysta11ine compound. It ~as found to be 

2-aminothiazolo(4,5-h)isoquino1ine eX). The absence of the thio­

cyano band in the infrared spectrum at 2144 cm-1 supported the as­

-1 signed structure. _â.. strong band at 833 cm for out-of-plane C-H 

vi bration shovred the presence of two adjacent ring bydrogen atoms 

on the benzenoid ring. The nmr spectrum of 2-aminothiazolo(4,5-h)­

iso~uinoline (X) had a singlet at 9.63 ~ for E9 and two doublets 

centered at 7.96 and 8.20 ~ were assigned to H
4 
and~. In addition, 

two doublets with splitting centered at 8.70 and 8.52 ~ were assigned 
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te a, ad ]16 reapeotive17. Kr ia upeoted. at I_e field "bara ]16 

Moauae ot 1ta p1"Onmit7 te the riDg nitrog8n ato. J'S. Wbile]l6 

and Kr .ere expeoted to .how ooupling with ~ on the P7rid1ne ring, 

H4 and ~ could netooaple .cause ot the 1a1'8e .eperat1011 ot thoee 

P1"OtOlls ~o. p7ri.dirae rirag pretoe. 

!he 07cll .. tlon reaotion ot .. lno-th1o~OOa.poaDd8 

lavo1ve. a nuo1e.phill0 attack ot the amno nltrogen CIl the carbon 

at. ot the thioo18Do poup. !he Nae ot c7ol1AtloD var1e.~ ri th 

the nucleophillc atreDgth ot the alldino nlt1"Ogen ln the th1oC78Da­

tloD produot. 'lhe the th1oo7Bnation ot aro_tlc ara1llo-comp01Uld.s 

takea place ln the poal tioll orihoto an amino group, the tlllal p~ 

chlot 18 onen a Ulirao-th1allole derivatlve .h1oh 18 tomed ~ed.1a­

t e17 b7 a 8econdarJ' reactlon betwecm ·the _ino and the thioo78no 

groups. Tbna,. 2-a.ino-6-0blorobensoth1asole waa d1reot17 to~d ~ 

the reactlon ot p-chloroanillne With th1oC78Dopn (11). It waa rea-

8oDabIo to as.w.e that thioo7BDatioll ot 7 ... inolao~iDolln. (llXV1) 

gave 7-B111no-8-'th1ecyanoi80quinoline (XXXVll) and 2-u.oth1azole­

(4,5-h)iso~inoliDe (X). 'lhen the mixture waa retluxed lD 8looholl0 

~drochlorio aoid 7-amino-8-th1oo7Bnolaoquinoline (UXVll) was 0011-

veried to 2-aminothiazolo(4,5-h)iaoquinoline (X). 

Dia sot i •• ti on ot 2-am1nothia.olo(4,5-h)iso~1noline 

(X) ri th sodium ni tri te in 7~ ni trio acid and S5~ ortho phosphono 

acid mixture (114 ratiO), tollowed by the treatment ot ~he diazonium 

8al t wi th cuprous chloride gave a 42~ )'ield ot 2-chlorothiazolo-
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to 1Lr aDd B6 reep.ctive17_ a, is expected. at l ... r ti.ld tbaa B6 

becaus. of ite prcnmit7 to the ring nitrcgen ato. J'S- While B6 

azad 1tr ".re upected to eh_ coupliJJg ri th ~ on the P7ridine ring, 

B4 and. ~ could Dot couple beoauae ot the large e.p.:ratiOll ot tb.oee 

protODs tro. P)'ridilae r.J.ag pretou_ 

!he c7clisation r.aotion ot .. ino-thioc.J8Docoœpoaa~ 

iavolve. a DUcl.ophilio attaak ot the amino ni trogen CD th. oarben 

at_ ot 'the thioc78Do p'cup. ~ HS. ot c7oliutioD 'Vari.a: ri th 

the DUcleophilio streQCth ot the amino nitrogen in th. th1oa.J&na­

tion product_ When the tbioo7Bnai:ion of aro_tic aœino-compcnmds 

tü.s place in th. posl tion oriho to an 811d.no group, the final p~ 

cmGt ie on.n an aaiDo-tbiasole der.t.'Vati'Ve ... h1oh i. tom.d u.edia-

t.17 'by a s.ooDdar,y reaetion b.t .... enth. ..ino and the th1oo7llno 

groupa. Tbns,_ 2-a.ino-6-0hlorobensothiasole ... as direotl7 to~.d ~ 

the r.aetion ot p-chloroantlin. with thioCJ8Dogen (11). 1t wa. rea­

sonabl. to asswae that th1oo7BDation ot 7 ... inoiso~inolin. (XlXV1) 

gave 7-B111n0-8-th1ocyanoisoquinolin. (XXXV1l) and 2-am1Doth1azol ... 

(4,5-h)iso~inoline (X)e Wbea the mixture ... as r.tlux.d in aleoholie 

~d:rochlor1c acid 7-eadn0-8-th1ooyanoisoquinoline (XXXVll) ... as OOD­

'V.nad to 2-aminothiasolo(4,5-h)isoquinoline (X). 

Diazotisation ot 2-amiDoth1azolo(4,5-h)iso~inoline 

(X) with sodium nitrite in 7fY!, nit:r1c aoid and S5~ ortho phosphorie 

aoid mixture (1s4 ratiO), t0110wed by the tr.atment ot the diasonium 

sal t Wi. th cuprou.s chloride gave a 42~ yield ot 2-chlorothiazolo-
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(4,5-h)isoquinoline (IX). The infrared spectrum of the latter show­

-1 ed the absence of the primary amine bands in the region 3400-3100 OID 

indicating that the primary amino group was replaced by the chlorine 

atome The N-H deformation absorption at 1640 cm-l was also missing. 

The nmr spectrum of this compound showed a singlet at lower field 

(8.94 h ) for H9 and two doublets at 8.34 and 7.35 ~ which were 

assigned to E? and H6 (J6,7=5.9 Hz). ~~o additional doublets centered 

at 7.77 and 7.43 ~ were assigned to both H4 and ES (J4 ,5=S.9 Hz). 

Reduction of 2-chlorothiazolo(4,5-h)isoquinoline (lX) 

with red phosphorus in hydriodic acid gave thiazolo(4,5-h)isoquinoline 

(VII) in 58% yield. Only slight change was observed in the 

infrared spectrum of thiazole(4,5-h)isoquinoline (VII) except for 

-1 the rresence of a band of medium strength at 3090 cm , which was 

assigned to C-H stretching vibration for the thiazole proton. The 

nmr spectrum of this compound. (VII) sho'Ned two singlets at lower 

field (9.40 and 9.14 ~) for B2 and H9. The singlet at Imver field 

wi th 3;."11i tting \Vas assigned to H9 because of its coupling wi th. protons 

H6 and FLr. Tlvo doublets centered at 8.62 and 7. 78 ~ Viere assigned 

to a, and H6 and two doublets centered at 8.33 and 7 .82 ~. were 

assigned to H
4 

and H5. The complete synthè$is of thiazolo(4,5-h)­

isoquinoline (VII) i8 outlined in Charts 3,4 and 5. 
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ATTEMPTED SYNTHESIS OF THIAZOLO(4,5-f)ISOQUINOLINE (Ill) 

The synthesis of thiazolo(4,5-f)isoquinoline (Ill) 

required the preparation of the unknown 5-amino-6-thiocyanoisoqui-

noline (XLI) as an intermediate. However, the attempted prepara­

tion of this compound by thiocyanation of 5-aminoisoquinoline (XL) 

was unsuccessful. The attempted preparation of thiazolo(4,5-f)iso-

quinoline ~lll) is outlined in Chart 6. 

5-Aminoisoquinoline (XL) was prepared by nitration 

isoquinoline (XXXVIII) in concentrated sulfuric aaid with po-

taasium nitrate (20), followed by reducticn of 5-nitroisoquinoline 

(Y~X1À) with hydTogen in the presence of 5% palladised charcoal (64). 

Thiocyan~tion of 5-aminoisoquinoline (XL) with po-

tassium thiocyan9te and bromine in 95% glacial acetic acid solution 

gave a yellow crystalline compound. The infrared spectrum of this 

-1 compound showed the presence of the thiocyano band at 2140 cm and 

bands et 3440, 3345 and 3208 cm-l for the primary 9mino group. This 

suggested the presence of 5-amino-x-thiocyanoisoquinoline. The nrnr 

spectrum showed a singlet at 9.64 h for Hl and two doublets cen­

tered at 8.68 and 8.19 1; assigned to H and H
4 

wi th coupling cons-. 3 

tant J 3 ,4 = 5.8 Hz. Two additional doublets centered at 6.99 and 

7.87 1> could arise by coupling of H7 and ~ in 5-amino-8-thiocya­

noisoquinoline (XLII), or by H7 and H8 in the case of 5-amino-6-

thiocyanoisoquinoline (XLI). From this informAtion alone, i t was 
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impossible to decide whether the reaction product was 5-amino-6-

thiocyanoisoquinoline (XLI) or 5-amino-B-thiocyanoisoquinoline 

(XLII) • 

The thiocyanation product of 5-aminoisoquinoline (XL) 

was refluxed in alcoholic ~drochloric acid (4N hydrochloric acid: 

ethanol 1:1) for three hours. ]ut there was only a slight change, 

since most of the original compound was recovered. When the concen-

tration of bydrochloric acid was increased fl'vm 41-T to 8N while keeping 

the ratio of ethanol and acid at 1:1, a yel10w precipitate was 

for~ed. The infrared spectrum of this compound showed that the band 

-1 for the thiocyano group at 2140 cm was absent. Also the absorp-

tion pattern fcr the amino group (tbree bands st 3440, 3345 anè 3208 

cm-l in 5-amino-x-thiocyanoisoquinoline) was changed to two bands at 

3319 and 3176 cm-1 • The nmr spectrum showed a pattern similar to 

that of 5-amino-x-thiocyanoisoquinoline. It exhibited four weIl 

defined doublets at 8.43, 8.02, 6.71 and 7.31 b 3n0. a singlet at 

9.33 b • 

The elemental analysis of this compound gave the 

formula C
9

HgN2S. It was therefore reasonable to assume that the 

thiocyano group was converted to the mercapto group on acid bydro-

lysis. The infrared spectrum however did not indicate any bands for 

the mercapto group ','!hich usually appears weakly in the region 2650-
_1 

2550 cm -. Nev'?rtheless, the presence of the mercapto group was 

supported by the fact that a yellow precipi tate was f'ormed vihen 

this compound ViaS treated in ethanol solution wi th mercuric chloride. 
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If an amino group was present, no ye110w precipitate shou1d be 

formed (21 ) .• 

--.... R - S - H9CI.. + HC(, 

From the preceeding experiments, it can be conc1uded 

that thiocyanation of 5-aminoisoquino1ine (XL) gives 5-amino-8-

thiocyanoisoquino1ine (XLII) instead of 5-amino-6-thiocyanoiso-

quinoline (XLI). Eance further work on the synthesis of 2-amino-

thiazolo(4,5-f)isoquinoline could not be dons. It is perhaps not 

surprising that thiocyanation occurs para to an activating group 

since it has been found that thiocyanation of aniline gave only 

p-thiocyanoaniline (22). Similarly, thiocyanation of ~-naph-

thylamine gave 4-thiocyano-I-naphthylamine in 80% yield (18). 

Conversion of the thiocyanates to thiols was usually 

achieved by reduction '.:i th zinc and hydrochloric acid (91). No 

cases of conversion of an thiocyano group into a thiol using merely 

hydr::lchloric acid and ethanol have been reported previously. Riems-

chneider et a;L. (24,25) found that the thiocyanates were conver-

o 
ted to thioca.Tbama ~es by treatrnent vii th sulfuric acid at 0-5. They 

showed the reaction proceeds as follow$. 
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A -( - S - C(O H) = N H --....... A'f- S-CO- NH2 

Similarly, wi th ethanol replacing ' ... :.:, l. water: 

The conversion of the tbiocyanate into thiol probably 

is preceded b;? an aryl thiocarbamate intermediate which is bydro-

lyzed to a thiol. Fer tbis reaction the following mechanism is proposed: 

+ + 
Ar- S-C=NH+2C2H50H ....... A't'- S-C(OC2H5J=NH+C2H50H2 
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.,-

+ ~ 

AY'-S-C(OH)-NHC2H5"'C2H~H --... Ay-S- ?COH)-NHC2H5+H 

OC2H5 
- ... 

A..,-S-Y(OH)-NHC2H5 "'C2H50H - ... A., - S ... C2H50H2 + 

OC2H5 
C2 H5 NHi-OC2 H5 

o 

---... Af- SH+C2H50H 

Since the introduction of the thiocyano group ortho to 

the amino group failed, the further study of this reaction was not 

carried out. 
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ATTEMPTED SYNTHESIS OF THIAZOLO(5,4-h)ISOQUINOLINE (VIII) 

The route chosen for the sJ~thesis of thiazolo(5,4-h)­

isoquinoline (VIII) involved the preparation of 8-amino-7-thiocya­

noisoquinoline (XLVII) as an intermediate. However, thiocyanation 

of 8-aminoisoquinoline (XLVI) did not yield 8-amino-7-thiocyano­

isoquinoline (XLVII), but 8-amino-5-tbiocyanoisoquinoline (XLVIII), 

as the only product. In order to prevent the tbiocyano group from 

entering para to the amino group, the acetamido group was introdu­

ced in the 5-position, in the hope that 5-acetamido-8-amino-7-thio­

cyanoisoquinoline (LXI) would serve as an intermediate leading to 

the formation of tbiazolo(5,4-h)isoquinoline (VIII). 5-Acetamido-8-

aminoisoquinoline (Ll1) wes prepared which gave 5-acetamido-8-amino-

7-thiocyanoisoquinoline (LXI) on tbiocyanation. 2,5-Diaminothiazo­

lo(5,4-h)isoquinoline (XVII) .... laS fonned when LXI was refluxed in 

dilute hydrochloric scid and ethanol. Diazotization of 2.5-diami­

notbiazolo(5,4-h)isoquinoline(XVII) and subsequent reaction with 

cuprous chloride failed to give 2,5-dichlorothiazolo(5,4-)isoqui­

noline, consequently this sequence of reactions could not be con­

tinued (Chart 8). 

The scheme for the attempted preparation of 8-amino-

7-thiocyanoiso~uinoline (XLVII) is given in the Chart 7. Diazotiza­

tion of 5-aminoisoquinoline (XL) followed by the reaction of sodium 

bromide in 48% hydrobromic acid gave 5-bromoisoquinoline (XLIV) (19). 

Nitration of 5-bromoisoquinoline (XLIV) in concentrated sulfuric acid 

.. vi th potassium nitrate yielded 70% of 5-bromo-8-ni troisoquinoline 
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(XLV) (19). Catalytic bydrogenation of 5-bromo-8-nitroisoquino­

line (XLV) resulted in 8-aminoisoquinoline (XLVI) (26). 

Thiocyanation of 8-aminoisoquinoline (XLVI) gave only 

8-amino-5-thiocyanoisoquinoline (XLVlll) instead of 8-amino-7-

thiocyanoisoquinoline (XLVlI) which would have led to the for­

mation of 2-aminothiazolo(5,4-h)isoquinoline. The assignment of the 

structure of 8-amino-5-thiocyanoiso~uinoline (XLVIll) was based 

on the evidence given by the infrared and nmr spectra. The in-

frared sp~ctrum showed the characteristic thiocyano band at 2142 

-1 
cm and the presence of th8 ~rimary amino b~nds at 3436, 3349 

-1 and 3218 cm The nrnr spectrum showed-two doublets centered at 

8.65 and 7.95 h for H) and H
4 

with a coupling constant J3;4=5.8 Hz 

and a singlet at 9.64 S for HI. In addition, two doublets centered 

at 7.89 and 6.65 ~ were also observed and assigne0 to H7 and 

H6 respectively. The coupling constant J 6,7 is 9.0 Hz. A further 

confirmation of the structure was obtained by the formation of 

the thiol when 8-~~ino-5-thiocyanoisoquinoline (XLVlII) was re-

fluxed vii th bydrochloric acid and ethanol (81J bydrochloric aoid: 

ethanoll:1). 

The at"tempted ~reparation of thiazolo(5,4-h)isoquinoline 

(VIII) ";:a:::; modified, as outlined in Chart g. Tha 5-:,:ositi,..,n i~. 

iso:;.uinoline was blocked by an acetamido group and the amino 

group was introduced in 8- position. Acetylation of 5-
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aminoisoguinoline (XL) gave 5-acetamidoisoguinoline (L) (14) 

which was nitrated with potassium nitrate in concentr2ted sulfuric 

acid to give 5-acet2mido-8-nitroisoguinoline (LI) (29). Catalytic 

bydrogenation of 5-acetamido-8-nitroiso~lino1ine (LI). using 

5% pQ11adium charcoal produced 5~cetamido-8-aminoisoquinoline 

(Lll) whose structure was proved by infrared and nmr spectra. 

-1 The appearance of bands at 3403, 3290 and 3319 cm showed the 

presence of the amine and acetamido groups. -1 The band at 1530 cm 

for the nitro group was absent. In the nmr spectrum of this compound 

two doublets centered at 8.60 and 7.62 b were assigned te H3 and H4 
respectively. Another two doublets centered at 7.45 and 6.73 ~ 

were assigned to H6 and H
1 

respective1y. In addition to these 

four doublets, the spectrum displayed a broad band centered at 6.09 b 

for the amino group; the singlet at bigher field (2.22 b ) was 

assigned to the methyl group of the acetamido group. The over-

1apping of the two singlets for HI and the amide proton of the 

acetamido group was centered at 9.49 • 

Thiocyanation of 5-acetamido-8-aminoisoguinoline 

(L11) under standard condition~gave a yellow compound having 

extreme1y low solubi1ity in most commonly used solvents. This 

prevented successfu1 characterization of the product. However, its 

infrared spectrum showed the characteristic thiocyano band in the 

-1 2140 cm region. 

The yellow compound, being ref\1u.xed in hydrochlo­

ric acid and athano1 (4N hydroch1oric acid; ethano1 1:1), gave 
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a yellowish-green or,stalline substance wbdch was identit.1ed as 

2,5-diaminothiazolo(5,4-h)iso~iDoline (XYll) by both infrared and 

nar apectra. The .ill~ared spectrwa ot thie compound. showed sneral 
. -1 . 

broad banda in the region 3400-3100 011 ,lut the thi.c~no band was 

no lomger present. 'l'he DIIr spectrwa ot 2,5-diaminothiazolo(5,4-h)­

isoquinoline (%nI) ehowed • singlet at Iner fteld (9.671 ) which 

was due to the isolated proton ~, wo doublets at 8.45 8Dd 7.99 i 
tor a, and H6 (J 6,7 - 6.1 lis). The singlet at higher:f1eld (7.27 fi' ), 

being overlapped wi th a broad band. centerad at 7.33 J' tor the amine 

group in the 5- position on the benzen~id ring, was assigned to H4 -

Another broad band at 5.01 G belonged to the SJaino group in the 2-

position ot the thiazole ring. Atter ex:change with deuteriua o%ide, 

wo broad banda were missillg !rom this reg1on, tlD.1s, contiming that 

the banda at 7.33 and 5.01 t originated !rom the amine protons. 

Diasotization ot 2,5-diamiDothiazolo(5,4-h)isoqgino­

line (XVII) tollowed by treatment with cuprous chloride tailed to 

give 2,5-dichlorothiazolo(5,4-h)isoquinoline. The explanation for 

the tailure originates trom the tact that the yields· of the Sandlleyer 

reaction are-generally not high. Koreover, a double diazotization 

in the saae molecule would encountar increasad diffioulty, especial-

ly since these two amine groups are loeated aach on sep~~ta rings, 

benzenoid and thiazole respeotively, which would in etfect render 

them."ôf different reactivity. Puhaps these obstacle. are the cause 

of the failure in the reaction. Thiazolo{5,4-h)isoqainoline (Vlll) 
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could not be obtained b3cause of the unsuccessful preparation of 

2,5-dichlorothiazolo(5,4-h)isoquinoline. 
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SnrTHESIS OF THIAZOLO(5,4-f)ISOQUINOLINE (IV) 

The important intermediate in this synthesis was 

6-amino-5-thioeyanoisoquinoline (LX) whioh was obtained by thio­

cyanation O&' 6-aminoisoÇiuinoline (LIX). LX was oyclized to 2-

aminothiazolo(5,4-f)iso~uinoline (XIV). When the latter was dia­

zCltized and then treated wi th cuprous eh1oride, 2-oh1orothiazolo­

(5,4-f)iso~uino1ine (XIII) was formed. Reduotion of 2-oh1orothia­

zolo(5,4-f)isoquinoline with hydriodio acid and red phosphorus 

gave thiazolo (5 ,4-f)isoquino1ine (IV). 

(1) Preparation of 6-Aminoisog.uinoline·. (L1X) 

6-Aminoisoquinoline (LIX) was prepared in a series 

of eight steps starting from m-hydroxybenzaldehyde (XXXIII) as out-

lined in Chart 9. m-qydroxybenzaldehyde (XXXIII) was converted 

into m-methoxybenzaldehyde (LIll) by alternate addition of dimethyl 

sulfate and aqueous sodium hydroxide (27). Osborn and Schofield 

(19) reported that m-methoxy-~ -ni trostyrene (LI V) was formed when 

m~ethoxybenzaldehyde (LIll) was refluxed with nitromethane and 

ammonium acetate in acetie acid. We found that the yield of m-

methoxy- lÀ) -ni trostyrene (11 V) was raised from 51% to 79% w.hen 

the reaction of nitromethane with m-methoxybanzaldehyde (1111) was 

carried out in the presence of ethanolic alka1i. Reduction of m­

methoxy-c.\)-nitrostyrene (LIV) with lithium aluminum hydride (28) 

gave W -3-methoxyphenethylamine (LV). Condensation of ~-3-methoxy­

phenethy1amine (LV) with formaldehyde and then the cyclization of the azo-
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methine in 20% hydrochloric acid led to the formation of 6-metho­

xy-l,2,3,4_tetrahydroisoquinoline (LVI) (30). Despite the report 

of Robinson (5) on the successful dehydrogenation of the tetra-

hydro compound with Ranay Nickel in naphthalene, several attempts to 

repeat this procedure were unsuccessful. OSborn (19) also experi-

enced similar difficulty. Debydrogenation of 6-methoxy-l,2,3,4-tetra­

hydroiso~uinoline (LVI) was carried out successfully with 10% 

palladium charcoal in decalin to obtain 6-methoxyisoquinoline (LVll) , 

which on refluxing in 48% hydrobromic acid yielded 6-hydroxyisoquinoline 

(LVlll) (15). The preparation of 6-aminoisoquinoline (LIX) 

consisted O~ treating 6-hydroxyisoquino1ine (LVlll) with a solution 

of ammonium sulfite (Bucherer reaction) (16,19). 

(2) Preparation of Thiazolo (5 ,4-f)1soguinoline .. (1 V) 

Thiocyanation of 6-aminoisoquinoline (LIX) un-

1er st~nd3rd conditions gave 6-amino-5-thiocyanoisoquinoline (LX). 

The infra~ed and nmr spectra confirmed the structure. The infrared spec-

trum of 6-amino-5-thiocyanoisoquinoline (LX) showed strong absorption 

-1 8 6 6 at 2148 cm for the thiocyano group and bands 3t 33 2, 331 and 31 2 

cm-1 for the primary amino group. In the nmr spectrum, the singlet 

at 9.23 b was attributed to Er and t'NO doublets centered at 8.53 and 

8.26 b to H) and H
4 

(J 3,4=6.0 Hz). In addition, another two doublets 

at 7.47 and 8.16 h \Vere assigned to H7 and Hg (J7,8=9.0 Hz). The 

lone singlet excluded the p03sibility that the thiocyano group could 

be in the 7- position, that is, 6-amino-7-thiocyanoisoquinoline 
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would show three singlets in the nmr spectrum. 

It is significant that 6-amino-5-thiocyanoiso~uino­

line (LX) was the only product in th~ thiocyanation of 6-aminoiso­

quinoline (LIX), whereas both 7-amino-B-thiocyanoisoquinoline 

(XXXV11") ... and 2-aminothiazolo (4,5-h)isoquinoline (X) were found in 

the thiocyanation of 7-aminoisoquinoline (XXXV1). As was mentioned 

before, the ease of cyclization depends upon the electron density on 

the amino nitrogen. The amino group in the 6-position is involved in 

resonance interaction wi th the ring ni trogen, in accordance ,.-i th the 

spectroscopie studies of Short (19). The effect has also been used 

to explain t~e thiocyanation of4-aminoisoquinoline leading to the 

formation of 4-amino-3-thiocyanoisoquinoline and 2-aminothiazolo(5,4-c)-

isoquinoline, while in tue 3-aminoiso~uinoline case, only 3-amino-

4-thiocyanoisoquinoline was found by the thiocyanation of 3-amino-

isoquinoline. 

The infrared spectrum of 2-aminothiazolo(4,5-f)isoquino­

line (XIV) no longer showed the thiocyano absorption at 2148 cm-l 

-1 but there were two broad bands at 3305 and 3110 cm for the primary 

amine group. The nmr spectrum showed a singlet at 9.30 ~ for 

H6 and two doublets centered at S.53 and 7.66 ~ were 3ss~gned ta 

HS and H9 respectively 

tered at 8.03 and 7.74 

(JS 0=5.9 Hz). Another tv/o doublets cen­,;:;; 

h for H4 and ~ (.J4,5=9.l Hz) Viere 

found to overlap ,;vi th a broad band centered at 7. 66 ~ wi th a re-· 
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lative intensity e~uivalent to two protons due to the primary 

amino group protons. 

2-Aminothiazolo(5,4-f)iso~uinoline (XIV) was con­

verted in 38~ yield to 2-chlorothiazolo(5,4-f)isoquinoline (XIII) 

through the Sandm~yer reaction. The infrared spectrum of the latter 
-, 

compound did not show any bands in the region 3400-3100 om -, indi-

cating that the primary ami no group had been replaoed by the chlo-

rine atome The nmr spectrum showed two doublets centered at 8.65 

and 7.73 b for Ha and H9 respectively, and another two doublets at 

7.74 and 8.12 S for H4 and ~ (J
4

,5= 6.0 Hz). The remaining sin­

glet at higher field (9.30 b ) was assigned to the isolated proton 

Reduction of 2-chlorothiazolo(5,4-f)isoquinoline 

(XIII) with red phosphorus in hydriodic acid gave thiazolo(5,4-f)­

iso~uinoline (IV) in 55~ yield. The nmr spectrum showed two sin­

glets at lower field (9.38 and 9019 b ) for H6 and H2 respectively. 

Two doublets at 8.65 and 7.82 ~ were assigned to He and H9 

(38,9=9.0 Hz) respectively and another two doublets at 8.12 and 

7.74 h were due to H
4 

and ~ (J4 ,5=6.0 Hz). The complete syn­

thesis of thiazolo(5,4-f)iso~uinoline (IV) is outlined in Chart 

10. 
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INFRARED SPECTRA OF ISOQUINOLINES, THIAZOLO(4,5-h)- AND THIAZOLO­

(5,4-f)ISOgUINOLINES 

The infrared spectra of isoquinolines, thiazolo(4,5-h)-

and thiazolo(5,4-f)isoquinolines as weIl as their derivatives were 

studied in the region 4000-400 cm-l. The main regions of the spectra 

are discussed and the principal bands are classified according to-the 

types of vibration they represent. 

6 -1 The 3 00-2900 cm region 

a) CH = stretching vibration 

Multiple weak bands occur in the region 3100-3000 cm-1 

for aromatic C-H vibrations, both in the heterocyclic compounds and 

benzenoid hydrocarbons. In addition, many heterocyclic compounds 

also show relatively weaker absorptions in the region 3000-2900 cm-l. 

Luther et al. (32) found that isoquinoline shows five bands in the 

-1 -1 region 3060-3010 cm as weIl as bands et 2970 and 2940 cm , due to 

C-H vibrations. Various substituted isoquinolines show one to four 

weaker bands in the region. For some amino-isoquinolines, the C-H 

stretching aDsorption is masked by that of N-H absorptions. How­

-1 ever, bands at 3060 end 3040 cm have been assig-ned to the C-H stret-

ching vibrations in amino-thiocyanoisoquinolines. 

The infrared spectrum of the unsubstituted thiazo-

lo(4,5-h)isoquinoline has bands at 3092 (m), 3045 (w), 2980 (w) and 

2930 (w) cm-l • Various substi tutecl thiazolo(4,5-h)isoquinolines 
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exhibit two to tour relative17 weak bands in tbis "Bion •. The UD­

subatituted th1azolo(5,4-t)iao~inoline posaease. banda at 3090 (a), 

3038 (w), 2954 (w' et 2918 (.) =-1, .bile verious substituted thia­

sole(5,4-t)iaoquinoline8 als8 ahow t-o to tour banda in thi. region. 

In the spectra ot isoquiDolinea and tbiasoloisoquine-

li"8, eubsti ""enta aUeot the.e vibration absorptioa.,'bu.t no 001"­

relations have ben aade botween the nature ot the aubati tuent aDd the 

positien and the intensit7 ot the C-B .tretohi~ vibœatiODS. 

b) lf-B atretchiM vibration 1 

In aro .. tio and hetero0701io coapounds, prDa1'7 &II1ne. 

ah .. tw. med1ua absorption banda in the repon 3500-3200 ca-l due 

to the as~trio and .~.tric .tretchi~ vibratiCD. et the prima-

1'7 aa1ne group. J'or the 8JII1noisoquinolinea, e.g. 5-aaiDoisoquino­

line, there are no banda at 3410 and 3272 CIIl-
l due to the .. ,.e-

tric and a~etrio .tretohi~ vibrations, respectivelT. In so_ . ca~ 

.e., a tbird _diua 'baDd chle tG interaoleoular ~gen bondiDg appeara 

in tbis reg1on. In th. Blllino-thiazoloisoquinolinas, WO broad 'banda 

tor the priaarT Ulino p-oup (as,....tno and a,.etric vibrations) 

appearad at l .. er trequenoias (in the region 3300-3100 011-
1). 

The 1700-1350 am-l region 

a) C- C and C- If vi'brat1oiiiii 

Charaoteriatio aromatic ring stretching absorptions re­

sulting trom C- C and C- JI' skel.tal vibrations appear in the reBion 

batween 1650-1350 cm-l in most haterocTclic oompounda. 
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Iso~uino1ine shows eight bands in the region at 1628, 1590, 1560, 

1502, 1462, 1436 and 1386 cm-1 • In addition to those bands, subs-

ti tuted iso~uinolines wi th the groups -CONlT-, -i::-~, and -1;02 dis­

play seven to nine bands appearing in the range 1630-1600, 1590-

-1 
1570, 1560-1540 , 1510-1490, 1480-1440, 1420-1400 and 1380-1350 cm • 

The intensity of the first ~NO bands is great1y enhanced in isoquino-

1ines substitutea by a conjugated substituent such as the nitro 

group. 

Éassignana (33) has found that benzothiazo1e has bands 

around 1630, 1530, 1450 and 1358 cm-1 in this region. These bands 

are due to C=N and C=C stretching vibrations. In the spectrp. of 

thiazo1o(4,5-h)iso~uino1in'3s, there are seven to eight bands ori-

ginating from C=l; and. C=C vibrations in this region and they cceur 

usually at 1610-1590 (m), 1580-1540 (m), 1540-1510 (m), 1510-1490 

(s), 1460-1440 (m), 1430-1410 (s), 1390-1370 (m) and 1360-1345 (m) 
-, cm -

Unsubsti tuted thiazo10 (4, 5-h)isoquine1im~ exhi bits ~:=!ndz at 1604, 2.573, 

-1 
1528, 1495, 1452 , lLl37, 1409, 1~83 and 1347 cm Simi1ar1y, thia-

c=c vi bration8 in the ranc/~ 1620-15:;;0 (m), 11=;70-'.550 (m), 1550-] 520 (m), 

1500-1485 (s), 1475-1445 (m), 1440-1410 (s), 1400-1380 (m) and 1~60-

1345 (s) cm-1 Unsubstituted thiazolo(5,4-f)isoquinoline disp1ays bands 

at 1615, 1602, 1565, 1486, 1460, 1428, 1390 and 1350 cm-l. 

(b) Other substituent absorptions oetween 1700-1300 cm-1 

In t:::üs region, the primary amine group shows i ts defor­

mation vibration in the r,JUbe 1660-1620 cm-1 in both thiazoloisoqui-
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Dôldne. and 1soquino11ne.. 5-Amino1soquino11ne and 2-cminotb1azo10 

(4,5-h)iso~1no11ne show thetr defor..at10D v1brat10n. of the prtmar,y 

amino group at 1635 and 1650 cm -1 re.pect1ve17. Arcut1c and hetero-

070110 nitro COBlpOUDda bave banda at 1560-1515 and 1385-1345 08-
1 

ass1g1ledto the abaorpt10D ef the Di tro gNUp. 'lbe aeet&ll1do sroaP 

in the 1soq\Ünol1nes shows it. band. :.t 1680 s-l chle to the car'b0n71 

abaorpt1en. '1'h1s 1& in agleement .. ith the fa ct that the carboD71 streteh-

1Dg Yi brat1en of the seeondar,y amide group appelU!ll 1n the regioa 

1680-1630 011-
1• 

The 1309-950 cm-1 m10n 

Betero07c11c compou'nda show a series of characterist1e 

banda 1n the 1250-1000 CID -1- reglon which m&J' ba asaignsd to ~ 

C-H deformation and ring breath1ng mQde& Th. posit1on and the nuaber 

of C-H 1n-p1ane deformation mode depend on the orientation and the 

number of the 1s01ated ring ~dr~.n atoma (56). 

Unaubst1tuted thiazo1e(4,5-h)isoquino11ne bas banda at 

1300, 1290, 1252, 1217, 1200, 1162, 1040 and 962 ca-1• Unsubati tuted 

th1azc1o(5,4-f)isoquino1ine shows banda at 1300, 1285, 1268, 1200, 

1168, 1120, 1040, 1010 and 980 QD-1. Subst1tuents do not influence 

the position of these bands great17 in the spectra of thiazo101so-

quino1ines. 
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IsoQuinoline was reported ta have bands at 1278, 1257, 

1219, 1139, 1120, 1036 8nd 1014 cm-l (32). Substituted isoquino1ines 

show similar patterns in this region, especia11y for those having the 

substituents at the same position. 

-1 The 900-650 cm region 

In the spectra of aromatic and heterocyclic compounds, 

strong bands due to the out-of-plane deformation vibration of ring 

hydrogens appear in this region. These bands are high1y character-

ietic of the substitution type because their number and position depend 

upon the number of adjacent ring hydrogens. As the number of adjacent 

ring hydrogens is reduced, the absorption frequency of the out-of-

pl~ne C-H vibration usually shifts to bigher frequencies. The absorp­

-1 tion in the 770-730 cm range was assigned to the out-of-plane bend-

ing vibrstion in mono-substituted arnmatic compounds, while the C-H 

3bsorption of one isolated hydrogen atom appeared in the region 

900-860 cm-l (42). 

-1 Isoquinoline shows a very strong band at 741 cm 

which may be associated with four adjacent ring hydrogen atoms 

(H
5
-8). The band at 824 cm -1 which could originate from tVlO ad.je.-

( ) 8 -1 cent hydrogen atoms H3' H
4 

and the absorption st 58 cm ,could 

be due to the isolated ring hyclro~en atom (Hl). For the isocluinoli-

n9s Bubstituted st 5- position, the strong bands are located in the 810-

-1 -1 780 cm region with a weaker band in the region 710-670 cm and they are 
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assigned ta three adjacent hydrogen atoms (H6, E7' ES). Two bands in 

the region 840-810 and 890-860 cm-1 could originate from two (H3 , H
4

) 

and one (Hl) ring hydrogen atoms respectively. Thus 5-nitroiso~uino-

line shows bands at 875, 836, 315, 795, 758, 731 and 674 -1 cm The 6-

and 7-hydroxy or amino-iso~uinolines show at least three bands in the 

region. ~70 bands in the 840-810 cm-1 region are assigned to two ring 

hydrogen atoms on both pyridine and benzenoid rings, while a weaker band 

-1 in the 900-860 cm region is due to the isolated hydrogen atome Thus 7-

aminoiso~uinoline shows bands at 830, 840 and 896 cm-l For the 5,8-

disubstituted iso~uinolines, the spectra are similar to those of iso~uino-

lines mono-substituted at 6- position. 

Thiazolo(4,5-h)- and thiazolo(5,4-f)iso~uinolines and their 

derivatives show two to five bands in this region. The only prominent 

band the position o~~hich remains constant throughout is the strong band 

in the range of 840-810 cm-1 which is due to the out-of-plane deformation 

for two adjacent hydrogen atoms on both benzenoid and pyridine rings. 

Most of the thiazoloisoCluinolines show a medium band at 890-860 cm-1 re­

sul ting from the isolated hydrogen atome V/hile thiazol0 (4,5-hhso~uino­

line displays three bands at 860, 838 and 824 cm-l, thiazolo(5,4-f)iso-

-1 
~uinoline shows three bands at 859, 828 and 811 cm • 

6 -1 The 50-400 cm region 

Several medium to strong bands appearing in this region 

are attributed to the ring deformation vibrations of aromatic 

compounds, both benzenoid and heterocyclic (59). The position 

of these band.s appear ta be ~ssoci~ted with, and characteristic of, 

the type of substitution. In addition, the wavelength and inten-
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sity of these bands serve, to a degree, to indicate the nature of 

the substituent on the ring. 

The aromstic compound nearest to iso~uinoline studied in 

this region i8 naphthalene. The absorption spectrum of naphthalene 

was reported to have bands at 620 and 475 cm-l Person et al. and 

Lippincott et al. (60, 61) assigned the band at 620 cm-l to in­

-1 plane ring deformation and the band at 475 cm to out-of-plane ring 

deformation. 

-1 . Isoquinoline shows bands ,:lt 637, 520 and 506 cm ~n this 

region. These bands could be analogous to those of naphthalene and 

the band at 637 cm-l could be tentatively assignad to in-plane ·1e­

-1 formation and the bands at 520 and 506 cm to out-of-plane defor-

mation. Substituted isoquinolines ~lsc disp1ay three to seven bands 

in this region and bands constant1y occur at 640-620, 550-525 and 

-1 -1 515-490 cm In addition, ~ strong band between 570-535 cm is 

observed in aIl 5- and 8- substituted isoquinolines which hap:pen to 

be in the same rSf;ion 38 the band arisint:," by the out-of-plgna defor-

maticn vibration in 1,2,3-trisubstitut?i benzenes. The frequency po-

si tic·n of the out-of-plane rinô' deformati:m for mono-substi tuted 

benzenes ap~ear ta be dependant upon the nature of the substituent (62). 

However, no definite correlations could be made ir.. the isoquincline 

series. 

The spectr3 of tc.iazo1o(4,5-h)izoquinolines '9xhibi t three 
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to six bands in this region. Two band~the positionSof which re-

mains constant throughou~ appear in the range 590-540 and 485-450 

cm-l The former could be due to ring hydrogens (H6,H
7

, and H9 in 

thiazolo(4,5-h)iso~uinoline) similar to the out-of-plane ring defor-

mation in 1,2,4-trisubstituted benzenes; whi1e the latter may be 

associated \vith two protons on the benzenoid ring (H
4 

and H
5

) 

analogous to out-of-plane ring deformation vibrations for 1,2,3, 

4-tetrasubstituted benzenes. In the spectra of thiazo1oisoquino-

lines with strong e1ectron-donating substituents such as the amine 

group, both bands appear at higher frequencies. Unsubsti tuted 

thiazolo(4,5-h)isoquino1ine has bands at 571, 525, 505 and 473 cm-
l 

The simi1arities in the pattern and position of the bands appear 

in the spectra of thiazolo (5 ,4-f)isoquinolines. Unsubsti tuted. 

thiazolo(5,4-f)isoquinoline display bands at 571, 525, and 478 cm-1 

Other characteristic absorptions : 

The organic thiocyanates show their characteri­

stic C:!N stretching frequency in the region 2175-2130 cm -1 In 

the isoquinoline series, amino-thiocyanoisoquinolines 51ways show 

their strong- absorptions between 2150-2140 cm -1 •. 

The S-H stretching vibration generally appears as 

a weak band in the region 2650-2550 cm-l (70). However in the amino-

me::.'captoisoquinolines, i t is difficul t to detect any band in this region. 
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figure l 

Infrared Speetrum of Tbiazolo(4,5-h)­

isoquinoline (VII) in a .Dr dise 
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Figure 2 

Infrared Spectrum of ThiazoIo(5,4-f)­

isoquinoline (IV) in a KBr dise 
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Figure 3 

Infrared Speetrum of 6-Amino-5-tbioeyano­

isoquinolina (LX) in a KEr dise 
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Figure 4 

Infrared Spectrum of 2-Aminothiazolo­

(5,4-f)iso~uinoline (le) in a KBr dise 
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Figure 5 

Infrared Speetrum of 2,5-DiaminothiazoIo­

(5,4-h)iso~uinoline (XVII) in a KEr dise 
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ULTRAVIOLET SPECTRAL ABSORPTIONS OF ISO;;UIIWLINES, THIAZOLO(4,5-h)­

&~D THIAZOLO(5,4-f)ISOQUINOLINES 

Aromatic bydroc!'Jrbons show three main types of e.bsorption 

bands which are desigu3ted as rJ..-, p- and {J -bands by Clar (63). 

Vihen a =CH group in aromatic hydrocarbon is replaced by = N, 

th8re is li ttle change in the spectrum (37). The ultraviolet spec-

tra of isoquinolines show the corresponding bands in the region 450-

200 m~ The ri... -bands (e., _10
2 

_103 
max , related to Lb bands in 

Platt's classification (53) are weak and they occur st the lon-

gest wavelengths. In sorne cases, they show a complicated Yibratio-

n81 structure with fine splitting. The p-bands (~ - 104 , re-v max 

lated to L bands in Platt's classification) are of moderate inten­
a 

sity. The A -b:;mds (C _105 , relatsd to B or Bb bands in Platt's 
~ max a 

classification) are of strong intensity and they appaar at lowest 

w8valengths. 

In the spectrum of isoquinoline, the observed red shift 

of the ci.. -band is due to tha presence of th~ ni trof,'en atom which 

creates on effect similar to ths ~ -substitution in naphthalene (19). 

The cL.. -and {3-bands of naphthalene and other related ccmpounds are 

1ssigned to longitudinally (x) polarized electronic transitions, while 

the p- bands are dU8 to trc~nsvf:rsely (y) polé3rized elactronic tran-

~ition. A sub3tituent at C-2 (or C-3) in naphthalene giv8s a grea-

ter polarization alontS the x- axis thus causin&, pronounced bathochro-

mic displé1cernent of the oJ. - end (3 - bands. 
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On the other hand, a substituent at 0-1 (or C-4), yields a grea-

ter polarization along the y- axis, renderinb a larGe red shift 

of the p-band. 

y 

(-) 
(+) 

(-) 
(+) 

Osborn et al. (19) reported that 7-aminoisaquinoline, 

in which the substituent position is corresponding ta C-3 'in naphtha-

lene,produces a considerable bathochrornic shift in the d...- and p-
bands, but only a slight change in the p- band. It indicates that 

the bathochromic shift of the cI..- and {J- bands is due ta the elec-

tronic transition occuring alang the x - axis. A halogen substituen~ 

such as bromine in the 5- positio~ produces a greater red shift in 

the p- band théln those of .J...- and {3-bands, indicating that the p-

band should be attributsd to slectronic transitions occurring along 

the y- axis. It may be concluded that the p- band is sensitive to 

the conjuGative effect of the substituent rather than to the inductive 

affect in the isoquinoline series. This phenonmenon is also found in 

the ultreviolet spectra of naphthalenes and quinolines (34). An 

acetamido ["roup at 5- position C<'lUses only slight chang'es in aIl the 

three main b3nds. 

The ultraviolet spectra of di-substituted isoquinolines, 
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mainly at 5- and 8- positions, agree with the previous correlations. 

In the amino-thiocyanoiso~uinolines, the amino group still exerts 

a great influence upon the spectra. The presence of the thiocyano 

group produces a large red shift in the 0(- band when placed in the 

5- and 8- positions, but a slight change was found for the p- band. 

For example, 5-amino-8-thiocyanoiso~uinoline (XLII) shows absorption 

bands at 214, 252 and 390 m~ relative to that of 5-aminoisoquinoli­

ne (XL) at 208,244 and 335 m~,further, and an increase in intensi­

ty is noticed with the 0(- band. The ultraviolet spectra of amino-

mercaptoisoquinolines resemble those of aminoisoquinolines. 

A significant feature of the absorption spectra of thia­

zoloisoquinolines is that the three corresponding bands ( 0(-, p- and 

p- bands) are similar to those of phenanthrenes. These bands are 

due to the 1C -TC- transitions and are in agreement wi th the classi-

fic~tion for the aromatic and six-membered heteroaromatic systems. It 

hss been found that there is a little effect on the energy of the elec-

tronic transitions in aromatic compounds accompanying the replacement 

of a . = CH group by - N. and replacement of a -CH: CH- group by 

-5- (35). The wavelength order of those bands is fJI.. > p>p. The 

band positions are influenced by substitution effects. 

The annelation effects also play an important role vn 

these compoundB. In general, linear and anguler annelations of the 

aromatic hydrocarbons snd their aZ3- analogs resul t in the batho-
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chromic shift of the tbre8 absorption bands. Similarly, the 

benzod8rivatives of the five membered heteroarom3tic compounds shmv 

sLo e m3:t:'ked reQ shift of the entire ::.>pectra. The fusion of El thiél­

zola ring to b8nzene, naphtha18n8 or 1u:i:1oline displaced ::11 three 

band"" of the parent compounds to longer wavelengt1ll:l (9,44,54). 

There is a remarkable difference between the spectra of 

anguler and linear annelations (63). The p- bands shift strong-

1y to longer wavelength with linear annelation, but "Jnguler anne1a­

tion prcduces only smal1 shifts ~ The ~-bands move moderate1y to 

10n5er wavelengths wi th both ::mgular and 1inear annelations, however 

the linear ,-mnelation has only one narrow p -b8nd which is bro8der 

in the angular annelation and is split into two or more bauds in 

mgny cases. The cl-bands disapp8ar under the p- bands il1 oota types 

and thsn emerge between the p~ ~md ~ -bands in the 1ineé:lr é'l1n9L-.tion 

in the polyaromatic hydrocaroons. 

The fusion of the thiazo18 ring to iso-luinoline shows a 

Gimilar dis placement to'uards lone;er wavelength. Thiazolo (4, 5-h)­

isoQuinoline has its main absorption bBnds et 254, 288 ana 355 ~ 

and shows a bathochromic displacement of aIl the three bands rela­

tive to those of the isoQuinoline bands at 217, 266 and 317 ~)4 

Attempts Viere made ta stud.y the effects of the substituent in the 

2-posi tian in the thiazolo (4, 5-h)isoquinoline ~vi th regard to the posi­

tion of these bands. It wa;:;; found th6;t an electron-donating substi­

tuent such as the amino or acetamido group showra larger bathochrClwic. 
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shift-af the ot- band than that af the p- band. Chlara-subtituent 

howeve~ causes a small red shift of the p- band and little change 

W:3S found in the ri.. - and s- bands. This tends to sugCest that 
1 

the conjugation effect af the chlora-substituent predominates over 

the inductive effect. 

The ultraviolet spectra af thiazalo(5,4-f)isoquinolinsa 

shawed markedj· similari ties ta thase of thia zolo (4,5-h)isoquinalines 

except that three absorption bands of the former occurred at longer 

wavt~length than the corresponding bands of the latter. 
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TABLE :, :'.t 

ULTRA VI OLET A:BSORPTI ON ]EAXn~r~ AND THEIR CORRESPOlmING LOG ~ VALUE S 

OF MONO-SU:BSTlTUTED 130~UINOLINE8 IN A3S0LUTE ETIUHOL 

COMPOUND g(-band p-band tJ:-band 
mp log! mp logt, mp loge.. 

5-AUINO 335 3.64 244 4.04 208 4.26 
(XL) 

5-ACET.A!EIDO 320 3.86 268 4.27 220 4.62 
(L) 290- 3.90 

294 

5-EROMO 312 3.70 276 3.86 220 4.76 
(XLIV) 325 3.76 286 3.82 

5-NITRO 330 3.72 230- 4.02 214 4.49 
(XXXIX) 232 

6-.AJI1:InO 335- 3.56 296- 3.91 242 4.54 
(LIX) 340 298 

308 3.95 

6-HYDROXY 320 3.25 286 3.66 230 4.69 
(LVIII) 

7-.œINO 360 3.42 280 3.97 236 4.50 
(XXXVl ) 214 4.16 

8-A1:INO 360 3.93 242 4.39 212 4.63 
(XLVI) 

7-HYDROXY 335- 3.35 258- 3.48 22~ 4.45 
(xy~v) 340 260 

266- 3.49 
268 

"" 
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TABLE Il 

~JLTRAVIOLET ABSORPTION MAXD.LI\ AND TF...EIR CORRESPONDING LOO!. VALUES 

OF DI-SU:aSTITUTED ISOQUINOLIIŒS IN ~\:aSOLUT~ ETHANOL 

COMPomm ct-band p- band ~- band 

l!)'4 logt mp. log(. rrp logL 

5-AMINO-8-THIOCYANO 345 3.95 252 4.16 214 4.41 

(XLII) 390 3.99 

8-AMINO-5-THIOCYANO 330 3.74 252 4.11 214 4.41 

(XLVIII) 370 388 

6-A:rv~0-5-THI OGY .AN 0 340 3.55 292 3.80 248 4.58 

(LX) 302 3.72 204 3.84 

8-AN.INO-5-M3RCAPTO 335 3.98 244 4.40 214- 4.41 

(XLIX) 216 

5-AI,:INO-8-MERCAPTO 340 3.82 254 .1.06 214 4.31 

(XLII) 

5-BROMO-8-HITRO 330 3.80 296 3.78 220 4.40 

(XLV) 

5-AC.l!;Tllli.IDO-8-NITRO 350 3.93 230 4.32 212 4.27 

(LI) 

5 -A CET AI:.iIDO-8 -AkDiO 370 3.72 248 4.13 210 4.40 

(L11 ) 
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ULTlUVIOl&'l' ABSOBPl'IOlf JIAXDIA AliD THEIR OOImESPOIrnDQ LOG! VAWES 

OP TBIAZOLO(4,5-h)ISO~OLIDl ABD r.rs DDIVA-

'lIVES lB AEOWTE B'l'HAlfOL 

OOllPamD cl. -'baIId p-'band ~-baDd 

-r- losE mj'- log! ., logf 

.. ~ ,.., ~ 

UBSUB3'l'ITUTBD 318- 3.55 278 3:71 227 4.24 
(Yll) 320 288 3.69 254 4.58 

335 3.55 

2-oHLORO 335 3.51 288- 3.77 228 4.14 
(lX) 320 3.47 292 254 4.50 

2-AlIDO 360 3.71 296 4.28 206 4.38 
(X) 308 4.29 228 4.40 

266 4.83 

2-AOBTAIIIDO 335 3.74 300 4.26 206 4.45 
(XII) 312 4.22 238 4.40 

270 4.80 

2-HYDROXY 350 3.65 274 4.26 216 4.40 
(n) 252 4.54 
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'l'~:BLB IV 

UL'l'RAVIOLE'l' ABSOBPTICli lIAXDIA AND TBED COBBESPOBDIBG LOGl VAWES 

or ~BIlZOLO~5,4-t)ISOQOIBOLIIE AND I~S Dl8lVA-

TIVES II' A!SOW'l'B ETHANOL 

COlIPOOlfD d..-band p-bancl r.,-baDd. 

-r lOS'f r- loS'{. . ~ log{ 

UliSDBTl'.l'U'l'ED 320 3.60 272- 3.75 244 4.66 
(lV) 335 3.60 274 

306 3.45 

2-CBLORO 320 3.55 278 3.76 250 4.59 
(Xlll) ·306- 3.44 

308 

2-A11IBO .f- 318 3.87 266 4.68 a 
(XlV) 206 4.02 

2-!CE'l'AJlIDO 333 3.54 306 3.83 262 4.54 
(XVl) 318 3.78 300 3.82 272 4.55 

240 4.16 
206 4.05 

2-BIDROXY 317 4.02 272 4.17 252 4.73 
(XV) 228- 4.24 

221 

+ a) :10 01.. -band. waa tound in the region 200-450 .~ 
The intense 781low color of the COEPound. indicated. 
that the 01.. -band had shitter to the visible region. 
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Figure 6 

Ultraviolet Spectrum of Tbiazolo(4,5-h)­

isoguinoline (VII) in absolute sthanol 
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Figure 7 

Ultraviolet Spectrum of Tbiazolo(5,4-f)­

isoquinoline (II!) in absolut2 ethanol 
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Figure 8 

Ultraviolet Spectrum of 2,5-Diaminothiazolo­

(5,4-h)i~oQuinoline (XVII) in absolute ethenol 
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Figure 9 

Vltraviolat Spectra of 6-Amino-5-thiocyano­

.iso'iuir,oline (LX) and 2-ALJ.inothiazolo(5,4-r)­

isoQuinoline (XVlI) in pb~olute ethanol 
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Figure 9 

~ltraviol3t Spectra of 6-Amino-5-thiocyano­

.i6o~uiwoline (~) and 2-Aminothiazolo(5;4-f)­

isoquinoline (XVII) in ebGolute ethanol 

XVII 

LX 
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N'. M. R. SBECTRA OF 13 O;U1NOLDifES • THIAZOL 0 (4 • 5 -h) - and THIAZOLO­

(5,4-f)1SO;UnJOLT}JJ!;3 

(a) N. K. R. Snectra pf Isoguinolines 

A survey of the literature reveals that only a few nmr 

spectra of substi tuted iso~uinolines have blgen recorder. (47, ,~q, 49, 

55). Th8 spectrum of iso<luinoline (46) shows a singlet at lower field 

(9. 26 b ) assigned to I1.. H) produces a doublet centered at 8.52 , , 

forming a nart of ~n .AB <luartet from H) ano. H
4

• The band from H) is 

expected at 10Vier field because H) is in proximity ta N atome AlI the 

spectra of the substituted isoquinolines stuiiad show the same pattern 

for 1\ and H) (appearing as singlet and doublet respectively), only 

the position of these bands is changed depending upon the nature of the 

substi tuent. The coupling O'înst::,nt J 1,4 in isocnünnlines is 8:;;;1)ro:-:­

im'3tely 6.0 II:;. Ir. the spectrum nf isoquinoline, four nonec;.uivalent rro-

tons ~n th8 b9nzenoid ring give a compliceted pattern in the regi~n 7.~~-

7.20 /, Tho bal1.:Js -"'or Pl "'1'"'0 -"'.1.·"' .. 11 l" n ~vh~s re2,';on • 
• ~ c • ''-'-.L r 4 '.' '-'. -'- 0'" 

For the ill'Jno-sub3ti tutsd isocluinolines wi th the substi-

tuent::; en the b2nzenoid rine, three r9ILaining ber.zen:-,id ;;I"otons torm 

TŒ8oreticn11y it can 

h:.V8 twelve J.in",..:; sineS' ')D~~l "f the originol four AB lines are split 

into doublets ~nd the Aline is split into 3 Quartet. Also, there are 

t,,·O adJ.i tion:..l line3 from combination transi tian, usually too ·,VR8k to 

be obs~rv8d (50). 
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In the spectrum of 6-aminoisoquinoline, the ABX pattern 

is simplified as JR~ is almost zero. The nature of splitting clearly 

shows that the quartet centered at 7.11 ~ is due to H7 (J5,7=2.4 Hz 

and J7,S=9.0 Hz). The A part of the ARX system (H
5

) corresponds to 

the doublet centered at 6.S3 ~ (J _ 7=2. 4 Hz). T!le assignment of the 
J, 

remaining bands for the protons H
4 

and HS is made ~y noting that H4 

is 3 part·of an AB (H
3 

and H
4

) system and HS is a part of an ABX 

system. Thus, the doublet centered at 7.79 ~ is attributed to HS 

(J7,S=9.0 Hz) and the doublet centered at 7.3S , is due to H4 

(J3 ,4=6.0 Hz) (51). 

In the spectrum of 5-aminoisoquinoline (XL), three benzenoid 

protons form an ABC system. A triplet at higher field (6.4S b ) is 

assigned ta the A part of the ABC system (H6). The doublet centered 

st 7.37 b with a relative intensity equivalent to tOI"IO :protons is due 

to E7 and HS • The analysis of the complicatod ABC system is usually 

carried out by computer methads utilizing ~n iterative technique for 

calculation of the line positions and thair intensitias (50~. 

In the spectra cf many mono-substituted isaquinolines, the 

doublets at higher field assigned ta H
4 

are superim?osed on the 

multiplet of the sromatic protons on th? ~~nzen~id ring. These produce 

complex spectra which csn cnl;>; b3 parti311y 'Jn2ly3ed. Son~"l in~CC1..~rOlcy 

will r8sul t in chenü.c~l shi ft d.8termination when 3ttSLî:;;ts are made to 



- 68 -

assign a band to H4 on the pyridine ring in partially resolved 

spectra. It is therefore not possible to assign bands to aIl 

protons of the benzenoid ring. Hence for the discussion of the 

substituent effects, only the range covered by the benzene ring 

protons will be shown. The resulting chemical shifts and spin­

spin constants of the substituted isoquinolines are shown in Table 

5 and 6. 

Âs can be see~the spectrum may appear.at the lower 

(or the higher) field relative to the isoquinoline spectrum de­

pending upon the nature of the substituent. Â general correlation 

has been found that if an electron-withdrawing substituent such 

as the nitro group is present, the whole spectrum oceurs at the 

lower field wi th respect to that of isoquinoline. On the other 

hand, compounds with an electron-donating substituent such as an 

amino group sbifts to the higher field comparad with isoquinoline. 

Halogen substituent such as bromine has little effect on the proton 

signaIs. It indicates tbat the inductive effect of tha bromine is 

compensated by the effect of conjugation. 

5-and 8- Disubstituted isoquinolines give simple spectra 

in which tV'{O benzenoid protons forro a typical AB quartet. In amino­

thiocyanoisoquinolines, the upfield shift of the band is observed. 

The presence of an electron withdrawing substituent (a. g., thio­

cyano group) in any of these compounds counteracts the up-fiald 
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shitt of the .. ino group. Bence, the correspond1ng chanieal shift 

of the observed bands is sim11ar to tbat of isoquinolille. 

A nitro~~batituent at 8- position ou the bensenoid ring 

iu di-eubsti tuted isoquinolines abitta the whole spectrum to the 

lower tield. The isolated proton at 1- position experianoea a 

oODsiderable downfield displaoement due to the de-ehieldiag ettect 

ot the bighl7 anisotropic nitro group. A sbdlar attect of Ha 
in l-aitronaphthalena bas been obeerved b7 Wells and Al~OrD (52). 

The band ot Ha ooeurs at 8.36 cl ,while Ils oeeurs at 8.18 J' • 

The whole spectrmm ot a di-substituted iso~noline with 

an acetamido Iroup on berlzenoid ring is shitted to the lower field. 

The downfield sb1tt m87 be rationa11sed as a result of the long range 

de-ahielding ettect b7 the aDdde carboDTl group. This phanollenon has 

also beeu obeen'ad in most ot the acetamido derivatives ot aromatio and 

beteroc7clic campounda (45). 

In the amiDo~ercaptoisoquiuoline8, 5-amdno~ercapto­

isoquinoliue (XLlll) and 8-amino-5~ercaptoisoqQinoline (XLiX), 

0017 a small cha~e was obserYed in the correspoodi12g chemical shitt 

relative to the aminoisoquinolin8s. The isolated proton at 1- position 

in XLU shows the downfield displacelllent comparable to that of 

XLlll. 'l'hi. Dl87 arise trom the de-shielding ettect of the aniso­

tropie amino group. The ditferance ot the shitt in both OOIlPOUDds for 



- 70 

Hl was found te be 0.3 p. ~. ID •• Comparable values (0.5 p. p. 

m. ) for the difference of chemical shifts between 8-aminoiso~uinoline 

and 6-amino- or 7-amiu0iGOClu:Lnoline were also obt,üned. 

(b) N. M. R. 3pectra of Thi2zolo(4,5-h)- and Thiazolo(S,4-f)iso-

guinolines 

Thiazolo(4,5-h)isoquinoline has six aromatic protons. In 

comparison to isoquinoline, the spectrum of the benzenoid ring of 

thiazolo(4,5-h)isoCluinaline is sirnplified since two protons are re-

placed by the tL.iazole ring. The pattern of the spectrum of the 

pyridine ring of tb.:i.azolo (4 ,5-h)iso~uinoline is similar to tLat of 

iso~uinoline. In the spectrum of thia~olo(4,5-h)iso~uinaline in deuterio-

c~lorofo~ it shows that two doublets at 8.68 and 7.78 ~ are assigned 

to ~ aud H6 (correspouding to H3 and H
4 

in isoquinoline nucleus) 

respectivaly, and a singlet él.t lO',-!er field (9.40 {, ) is assigned to 

H9 (Hl in the ~soCluinoline). The coupling constant J 6 ,7 is 5.8 Hz. 

A downfield displacement ·,,.8,S observ8d for tha bands of IL; and H9 as 

c:JIDpared ta the positions of the corresponding protond of iso~u:'no!ine. 

In addition to the singlet at :).40 ~ 83signecl to H9' 

another singlet at 9.14 ~ is atl:;:!:'ibuteél. to ~. Such an <?ssignrnent 

to =-10 is in agr"lement wi th the nmr R!18ctra of ".:;.c::;t 'JE the thiazolo­
./ 

(4,5-h)isoCluin'JlineSin which the singlet at 1("'-~'8r field shows a fine 

::1
7

" The coupliui;; of I~ hO','18v3r is not favoured beC3u:3'3 of the hG'S9 88-
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paration of the proton in the thiazole ri né;' Sl':.J. the protons of the 

benzene ring. The comparison of the nmr :spectr:1 of thi!Jzolo (4, 5-h)-

and thi&lzolo (S,4-f)isoquinolines Çl,lso supports this assié)nment. The 

chemical shift between H2 and ES i3 0.26 p. p. m. for tbiasolo­

(5,4-f)iso:;.uinaline, while thiazolo(4,S-h)isoquinoline shows a sbift 

of 0.35 1'. 1'. m •• The difference in these chemicsl shift is 1'ro-

bably due te the ring current effect causing H9 of thi.zolo(4,S-h)­

isoquinoline ta be shifted downfield by both the benzene and thiazole 

rings. 

The two remaining ;:romatic protons in the thia?olo(4,5-h)-

isoquinoline ~lso exhibit n typical AB fettern of two doublets cen-

tered at 8.33 and 7.82 b (34,5=9.0 Hz). The magnitude of the coupling 

constant is in accordance with the ortho couplir.g occurring between 

H
4 

and ES observed in the nmr s1'ectrum of 2,7-dimethylthiazolo(5,4-f)­

quinoline (44). :Howcver, the assignment for both H
4 

and E5 is not 

possible in the ~r8sent work. 

The nmr s1'ectrum of tbiazolo(S,4-f)isoq,uinoline is analogous 

to that of thi8.zo1o(4,5-~)isolJ.uinoline. l\"io sint;;lets at 9.38 and 

9. 10 b are assi€,'ued. to H6 '3nJ. F"2 respectively. The (loubJ.3ts ass igned 

for HS and. H9 Vii th ,:J corresponding coü.pling const:mt J 8, 9=S, 8 Hz 

aI~a2r et 8.68 2nd 7.68 b respectively. In addition, annther two 

doublets centered at 8.12 and 7.74 b are assisc~a to H, end H~ 
f+ J 

(J _=6.0 Hz). 
,1,J 

3imilarly, it i6 not pos~ible to differentiate 

The nmr Sp3ctra of the cleriv<ltiv3S of thiazolo-
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(4,5-h)- and thiazolo(5,4-f)iso~uinolines, the coupling constants 

J 4 ,5 and J 6,7 (J4,5 and J S,9 in the thiazolo(5,4-f)iso~uinoline 

seriès) remain essentially unchanged. 

Attempts were made to study the substituent effect on 

the ehemic31 shifts on the ring protons in bath thiazolo(4,5-h)- and 

thiazolo(5,4-f)isoquinolines at the 2- position. Generally, an 

electron-donating substituent,such 8S the amino group in the thiazolo-

isoquinolines, shifts the spectrum to higher field with respect to 

thiazolo(4,5-h)isoquinoline itself. Due to the de-shieldi~g effect 

by the amide carbonyl group, the spectra of acetamidothiazoloiso-

quinclines show a downfield shift of the proton bands. Halogen 

substi tuent, sueh as chlorine, shows li ttl,") effect eompared wi th the 

unsubstituted thiazoloisoquinolines. 

It should be pointed out however, that solvent and 

temperature may exert some influence on chemical shift. Normally, 

li ttle change in chemieal shift rlill be expected for the .3pectra 

obteined 3t different temperatures and in different solvent~ Bueh 

3S chloroform élnd dimethyl sul foxide. The Ir r["" sol vent effects are 

eaused by the formc:tion of 1t -complexs wi th acetone ,'~ cetoni trile, 

pyrLline anJ. dim3thylformamide (23). 
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TflELB V 

HMR 3PECTRA OF DI-Sü:aSTlTU'I'ED ISO,~UINOLINES 

8 
GOI.:POUND Chemicel Shifts ( , ) J (Hz) 

Hl H3 H
4 H6 HT He Other J3,4 J 6,7 

5-ACii;'riJ.CIDo-8-1UTRO 9.90 8.73 8.30 8.42 ta8.48 3.25(CH) 6.1 
(LI) a -.l 

VJ 

5-AC.c/i.' Jl1TDO-8 -AlaNO 9.30 8.39 7.61 7.44 6.72 3.10(CH
3

) 6.0 8.7 
(LU) a 6.08(NH,.,) 

ê. 

5 -ER 0110-8 -}TITRO 9.53 8.60 7.88 8.0 ta8.15 6.0 
(XLV) a 

5-ALINO-8-~RCAPTO 9.33 8.43 8.02 6.71 7.31 6.57 (NIL.,) 5.9 8.7 
(XLIU) t:. a 

8-AKIl\0-5-1~RC}\PTO 9.57 8.37 7.78 7.37 6.66 8.6 
(XLIX) b 

5-AMnro-8-THI OCYA.~O 9.64 8.66 8.19 6.97 7.87 6.88(N~) 5.8 8.7 
(XLII) a 



C 0111' ,)t:1Œ 

6-AKnW-5-THIOCY.L~l;O 
(1X) b 

8-ALIRO-5-':rHIOCYAJ:J0 
(XLVlll) a 

TABLE V (cont. ) 

Chemical Shifts (~) 
Hl H3 H4 H6 H7 

9. 23 8.53 8.26 7.47 

9.64 8.65 7.95 7 J~9 6.65 

(a) In DiliSO-d6 solution (b) In acetic acid-d
4 

solution 

H 8 

8.16 

• 
J (Hz) 

Other J 3,4 J 6,7 

6.0 9.0 

7.10(lIH2) 6.0 9.0 

-J 
.p,.. 

1 
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TABLE ïJI 

H1ill SPECTRA OF MONO-SUBSTITUTED ISOQJ]INOLINES 

COMPCUND Chemica1 Shifts ( b) J (Hz) 
Hl H3 H

4 H6 H7 H8 H5 Other J 3,4 

illISUBSTITUTED 9.22 8.52 c (7. 23 -7.9°) 6.0 
(xx.'\VIII) a 

5-AEINO 9.18 8.47 7.57 (6.80 -7.46) 4.37 (N~) 6.0 ~ 

(XL) V1 a 

6-111::11\"0 8.94 8.24 c (6.77 -7.90) 5.98(N~) 6.0 
(LIX) b 

7-Ali:INO 9.00 8.20 c 
(XXXVI) b 

d (7.00 -7.80) 4.10(1~~) 6.0 

8-AlillW 9.53 8.37 c (6.67 -7.65 ) d 6.05 (N~) G.o 
(XLVI) b 

5-NITRO 9.48 8.73 c 
(XXXIX) b 

(7.70 ","8.71) 6.0 
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TABLE Vl (cont. ) 

COMPOUND Chemical Shifts ( h ) J (Hz) 
Hl H3 H

4 
H 6 H7 R8 ~ Other J 3,4 

5-AC~'IAXIDO 9.30 8.54 c (7.45 -8.20) 2.22(CH3) 6.0 
(1) b 

5-BROlIO 9.24 8.66 c (7.25 -8.10 ) 6.0 
(XLIV) a 

6-HYDROXY 9.22 8.45 7.65 (7.30 -8.17) 9.18(OH) 6.0 
(LVlll) b 

7-rfYDRr)xy 9.16 8.35 c d (7.34-7.98) 7.75(OH) 5.9 --l 
0'\ 

(XXXV) b 

(a) In CDC13 solution (b) In DMSO-d6 solution (0) H
4 

absorbs in the same region as 
H6' H7' F~(or H5) 

(d) H5 or Hg absorb in the Sélm~ r',gion as H6 and H7 
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TABLE VII 

6 
COMPOUND Chemica1 Shifts ( ~ ) J (Hz) 

H4 H5 H6 a, ~ ~ Other J 4,5 J 6,7 

UNSUBSTlTUTED 7.82 8.33 7.78 8.62 9.40 9.14 5.9 9.0 
(VII) a or8.33 or7.82 

-..l 
-..l 

2-CHLORO 7.84 8.04 7.59 8.67 9.32 5.9 9.0 
(IX) a or8.04 or7.84 

2-A1:INO 7.84 8.04 d 8.47 9.26 3.39(N~ ) 5.8 
(X) b 

2-ACETAMIDO 8.22 8.43 8.21 8.91 9.79 2.61(CH3) 5.8 9.0 
(XII) b,c, or8.43 or8.22 

2-HYDROXY 7.51 8.24 7.59 8.53 9.32 5.8 8.9 
(XI) b or8.24 or7.51 



TABLE VII (cont.) 

(a) In CDC1
3 

solution (b) In DMSO-d6 solution (c) At high ternperature (160°) 

(d) H6 absorbs in the sarne region as H4 and H5 

• 

-..1 
co 
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TABLE VUI 

NMR SPECTRA OF THIAZOLO(5,4-f)ISO~UINOLINB AND ITS DERIVJ,TlVES 

CŒ\iPOUND 
6 

Chemical Sbifts ( ~ ) 
5 

J (Hz) 
H4 H5 H6 Ra H9 ~ Other J4,5 J 6,7 

UNSUBSTlTUTED 7.74 8.12 9.38 8.65 7.82 9.19 6.0 9.0 
(IV) a orS.12 or7.74 

-.l 

2-CF.LORO 7.74 8.12 9.30 8.65 7.73 6.0 8.7 \0 

1 (Xln) a or8.12 7.74 

2-AkllW 7.80 to8.15 9.30 8.:,3 7.66 d (N~) 5.9 
(XIV) b 

2 -ACETillLIDO 8.20 to8.35 9.56 8.82 8.12 2.51(CH3) 5.8 
(XVI) b 

2-HYJ)ROXY 7.58 7.90 9.12 8.49 7.93 5.8 9.0 
(XV) b or7.90 7.58 

(a) In CDel] solution (b) In mlSO-d6 solution (c) At high temperature (160°) 

(d) lJ~ absorbs in the same region as H
4 

and H5 
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Figure 10 

NMR 3pectrum of Thia~olo(4,5-h)isoquinolina 

(VII) in CDC1 3 
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Fieure Il 

NMR Sp~ctrum of Thiazolo(5,4-f)isoquinoline 

(IV) in CDC1
3 
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Figure 12 

ID.::R 5pectrum of 6-Amino-5-thiocyano­

isoQuino1ine (~() in 8D
3

COOD 
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Figure 13 

mm Spectrum of 2-.Aminothiazo10 (5, 4-f)­

isoquir.o1ine (XVll) in :Ù!liSO-cl6 
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Figure 14 

NMR Spectra of 2,5-Diarninothiazo1o(5,4-h)­

isoquinoline (XV1I) in DN~O-d6 

a) :Before exchange -Nith D20 

b) After exchange i"vi th D20 
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EXPERIMENTAL 

Melting points were determined on a Gallenkamp melting 

point apparatus and are corrected. 

Infrared spectra were recorded on a Perkin-Elmer model 521 

and a model 331 spectrophotometer. Unless otherwise indicated the 

measurements of the spectra of solid compounds were made on pot as-

sium bromide pellets and of liquids between two sodium chloride pla­

tes. ù~traviolet spectra were measured on a Perkin-Elmer model 350 

speotrophotometer using absolute ethanol as the solvent. 

Nuolear magnetic resonance spectra warc deiermined on a 

Varian High Resolution Nuclear Magnetic Resonance Spectrometer, 

model A-60. Solvents used were carbon tetrachloride, deuterio-

chloroform, dimethylsulfoxide-d6, acetic acid-d
4 

and deuterium 

oxide. Tetramethylsilane (TUS) and 3-(trimethylsilyl)l-propane-

sulfonic acid sodium salt were used as an internaI standard. 

Elemental analyses were carried out by Dr. A. Bernhardt, 

Germany and by Dr. C. Daessle, Montreal~ 
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1. SDJTBESIS OF TBIAZOLO(4.5-h)IS0QUIl!0LDE (VIl) 

<a) Preparation ot m-BldrsElbenzllidene .. inoacetal (XXXIV) 

The procedure ot Woodward and Doer1ng (11) was tol­

lo.ed to prepare this compound tram m~benzalde~de (XXXlll). 

~ J1eld ot 85~ ot m-~benaTlidene amiDoacetal (XXXIV), m.p. 

61-68.8°, was obtained, lit. val •• 61.2-61.80 (11). 

(b) Preparation ot 'l=1Ildroxziaogu1no1ine (XXXV) 

The procedure ot Woodward and DoerilJg (11) was a1so 

tollowed in preparing 1-~80qu1noline (XXXV) tram IIl-hTdro­

XTbenz71idene aminoacetal (XUlV). A J1eld of 6~ ot 1-b7dr0%7-

leoquinoliDe waB obtalned, m.p. 

(11). 

o 
229.5-231 J lit. value 229-2310 

This cœpound was purii'1ed through lts 80dium salt. 

Twenty grams of the omde IIStarial was dissolved in 100 ml ot wa-

ter eontalD1ng 40 g ot sodium ~droxlde. The 781low plates wb10h 

separated trom the oooled solution were reor.18tallized trom concen-

trated. SOdiUDl ~x1de solution. On regeneration and reo17Btal­

lization tram ethanol, 16.5 g ot 1-~droxy1soquinoline was obtained. 

(c) Preparation ot 7-ABdnolsoguinoline (XXXVI) 

The procedure ot Osborn et al. (19) was followed to 

preparetbis ccmpound. A yield ot 85~ of 1-aminoisoquinoline (XXXVl) 

was obtained, m.p. 203-205°. lit. value 203-2050 (19). 

(d) Preparation of 2-Aminotbiazolo(4,5-h)isoguinoline (X) 
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7-Aminoisoquinoline (XXXVI) (2.88 g, 0.02 mole) and po-

tassium tbiocyanate (8.0 g, 0.063 mole) were dissolved in 80 ml of 

95% glacial acetic acid in a 250 ml three necked flask eqtiippèd ivit·h 

a mechanical stirrer, a thermometer and a dropping funnel. Absolu­

te methanol (8 ml) was also added into the solution. The resulting 

solution was cooled to 0 0 to 50 and bromine (1,2 ml, 0.02 mole) in 

10 ml of 95% glacial acetic acid was added dropwise to the stirred 

solution over a period of twenty minutes. The reaction mixture was 

poured into 100 ml of water after being stirred for another hour. 

The acid solution was neutralized with saturated sodium carbonate 

solution. The orange precipitated crude 7-amino-8-thiocyanoisoqui­

noline (XXXVII) was filtered and dried overnight. The yield was 78%. 

A solution of 3.2 g of crude 7-amino-8-thiocyanoisoquinoli-

n3 in 150 ml of 4N hydrochloric acid and 150 ml of ethanol was re-

fluxed for two hours. The hot acid solution was fil tered and left 

ta stand overnight. A yellow crystalline compound precipitated and 

was filtered. This substance proved to be 2-aminothiazolo(4,5-h)-

isoquinoline hydrochloride. Neutralization of the aqueous solution 

of the hydrochloride salt with dilute sodium carbonate solution pre-

cipi tat8d the free base in 901 yield. The substance crystallized 

from aClueous éllcoholic solution as pale yellow needles, m.p. 303.5-

o 
305.5 • 

Anal. Calcd. for C10H
7
N3S: C, 59.68; H, 3.51; N, 20.88; 

S, 15.92; 

Found: C, 59.60; H, 3.67; N, 20.74; s, 16.01; 
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(a) Preparation o~ 2-Chlorothiazolo(4,5-b)isoguinolina (lX) 

Cuprous ohlor1de was preparad in tha usual w87. 

Tb.ree graDlS ot oopper sultata p8ntah7drate and 0.66 g ot sodium ob.lo­

ride w.s dis801ved in 30m[ ot hot water. A solution ot 0.54 B ot 

sodium b1sult1ta and 0.36 g ot sodium ~droxide in 20 ml ot water 

wa. addad with oonstant stirr1ng. Tha mixture was oooled to room 

t_pera"tura and the supernat.nt liquid was washed tw10e W1 th water 

alter being deoanted t.rom the colorless ouproua ohloride. The oup­

rous ohloride was dissolved in 10 ml ot oonoantrated ~droohlorio 

aoid and cooled wbile the diazoti .. tion ot the amino oompound was 

beiDg oarried out. 

2-Aminothiazolo{4,5-h)isoqginoline (X) (1.2 B, 

6.0 mllil101e) was added to 40 ml ot 85~ phosphorio acid with meobani­

cal D~irriüg. It was then cooled and maintained at 5-100 and 10 ml ot 

70~ nitrio Rcid was added. The reaulting solution was cooled to 0_50 

and sodium nitrite (0.44 B, 6.5 milltmole) in 4 ml of water was added 

with oODstant stirr1ng over a perio.cl ot titteen minutes o The re •• tion 

mixture was stirred tor another tilt.en Dlinutes.at';~'h1s temperature, 

and wall the addad over a period ot twenty minutes to the stirred 

solution ot ouprous ohlor1da in concentrated ~drochlor1c .cid at 

0-50• The raaotion mixture was stirred tor another hour at room 

temperature. It was _de basic with 2~ sodium hTdronda solution, 

with oooling and stir.ring. The basic mixture was extractad with threa 

250 ml portions ot dieth71 ether. The ether extract was w.shed with 

water, dried over Magnesium sulfate, and tilterad. The ethar 
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solution was evaporated to dryness leaving a pale yellow solide The 

crude 2-chlorothiazolo(4,5-h)iso~uinoline (IX) was sublimed at 2 

mm (b8th tempereture 98 0
). The sublimate (0.52 g) was recrystal­

lized from n-hexane to give 0.45 g of pure colorless chloro compound, 

m.p. 130-1310. 

C, 54.42; H, 2.28; N,12.70; 

S, 14.53; 

Found: C, 54.33; H, 2.32; N, 12.85; S, 14.57; 

(f) Preparation of Thiazolo(4,5-h)isoguinoline (VII) 

2-Ghlorothiazolo(4,5-h)isoq1.linoline (IX) (0.5 g, 2.3 

millimole) was dissolved in a mixture of 8 ml of 47% hydriodic acid, 

4 ml of 95% glacial acetic acid and 4 ml of water, and 0.28 g of red 

phosphorus was added. The resulting mixture wa~ refluxed for three 

hours and filtered while hot. The volume was reduced to 6 ml and al­

lowed to stsnd for cooling. The orange-red crystalline precipitate 

was filtered and neutralized with dilute sodium carbonate solution. 

The resulting precipitate was filtered off, washed with water and dried. 

Recrystallization from n-hexane gave colorless needles of thiazolo­

(4,5-h)isoquinoline (VII) in 58% yield, m.p. 138-139°. 

Anal. Calcd. for CIOH6N2S: C, 64.49; H, 3.25; N, 15.05 

S, 17.21; 

Found: C, 64.34; H, 3.32; N, 14.93; s, 17.0,3; 

Cg) Prepar~tion of 2-Acetamidothiazolo(4.5-h)isoguinoline (XII) 
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2~noth~azolo(4,5-h)isoquinoline (x) (0.5 g, 2.5 m1lli-

mole) was refluxed in a mixture of 8 ml of aoetio an~dr1de and 4 ml 

of p~idine for two hours. P1ltration of the oooled reaotion mixture 

gave 0.55 g of 2-aoetamidotbiasolo(4,5-h)isoquinolin8 (XII) (9l~ yield). 

Recr,Jstallization fram absolute aloohal gave colorIe .. or,atals, m.p. 

350°. 

Anal. Calod. for C12~.3OSa C, 59.24,B, 3.73, lf, 17.27. 

S, 13.08, 

Pound a C, 59.46, B, 3.37, lf, 17.29. S, 13.29, 

(h) BreEaration of 2-Bldraxz1biazolo(4,5-h)isoguinoline (Xl) 

2-Ghlorotbiasolo(4,5-h)isoquinoline (U) (0.3 g, 1.48 

millimole) .. as refluxed in 30 ml 0.51 sodium hydroxide solution for 

three hours. The solution .. as oooled to room temperature and acid1-

tied with dilute aoetio aoid to pB 6. The resulting preoipitate .. as 

fil terecl off, waahed ri th water and dried to give a 65~ y1eld of 2-

~droxyth1azolo(4,5-h)isoqu1noline (IX). Reor.JStallization!rom 

aqueous alooholic solution gave fine yellow needles, m.p. 296-291.50
, 

Anal. Calcd. for CloH6I2OSI C, 59.38, H, 2.99; N, 13.85, 

Found: C, 59.62; H, 2.81, N, 13.96, 

2. ATTEMPTED SYNTHESIS OF THIAZOLO(4,5-f)ISOQDINOLINE (IV) 

<a) Preparation of 5~itrQiso~noline (XXXIX) 

5~itroisoqu1no1ine (XXXIX) was prepared by following 

the prooedure of Le Fèvre and bis oo-workers (20) • From 12 g of 
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freshly distilled isoquinoline (XXXVIII), 13.6 g of 5-nitroisoquino-

line was obtained in 82~ yield, m.p. 
o 

104-10() ; lit. value 106-108°(20). 

(b) Preparation of 5-Aminoisoquinoline (XL) 

The method of Osborn and Madeleine (19) was followed 

ta prepare 5-aminaisaquinoline (XL) from 5-nitroisaquino1ine (XXXIX) 

in 85% yield, rn.p. 
o value 129-131 

(c) Thiocvanation of 5-Aminoisoquinoline (XL) 

5-Aminoisoquinoline (XL) (2.88 g, 0.02 mole) and 

potassium thiocyanate (8.0 g, 0.063 mole) were di3so1ved in 60 ml of 

95% glacial ecetic I?cid in a 250 ml three necked flask equipped with 

a th91~omater and a dropping funnel and 8 ml of absolute methanol wes 

also added. 
r, a 

The resulting solution wes cooled to Ov ta 5 and bromine 

(1.2 ml, 0.02 mole) in 10 ml of glacial ac~tic acid was add~d drop-

WiS8 to the stirred. c'olutiC't1 for Bncth'3r hour. It was then poursd 

into 100 ml of water anJ. the acid solution was neutralized Y.'Î th sodium 

carb':ll1ot2 solution. Th-:=- Ori'1nge crude 'product was filterei, i'rashed 

'.Vith 'oVater end clri,,)d overnight. Recrystallizati:"p from :1 12rge volume 

of benzene gaV9 yellow n9adles (2.4 ~). It W33 latar established 

that the ;::,tructu:>:"] cf this compûund wns 5-amino-8-thiocyanaisoquinoline 

(XLll) , m.p. o 181-183 • 

C, 59.57; H,3.51; N,20.88; 

5, 15.94; 

Faund: G, 59.60; H~ 3.59; K, 20.88; S, 15.92 ; 
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(d) Acid hydrolysis of 5-amino-8-thiocyanoisoguinoline (XLII) 

A solution of 2.0 g of 5-amino-8-thiocyanoisoquinoli­

ne (XLII) (0.01 mole) in 120 ml of 8N hydrochloric Bcid and 150 ml 

of athanol was refluxed for four hours. The Bcid solution was eva-

porated to dryness on a water bath leaving only a yallow solide Neu­

tralization .of the aqueous solution of the yellow salt with dilute 

sodium carbonate solution produced a precipitate which was filtered 

and dried. Recrystallization from ethanol gave 1.5 g of 5-amino-8-

mercaptoisoquinoline (XLIII) (87% yield), rn.p. 260-262°. 

Anal. Calcd. for C9HgN2S: C, 61.36; H, 4.54; N, 15.91 

5, 18.19; 

Found: C, 61.60; H, 4.48; N, 15.71; S, 18.11; 

3. ATTEMPTED SYNTHESIS OF THIAZOLO(5,4-h)ISOQUDWLIlŒ (VIII) 

(a) Preparation of 5-Bromoisoguinolina (XLIV) 

The procedure given by Osborn and Madeleine (19) for 

the preparation of 5-bromoisoquinoline (XLIV) frorn 5~~noisoqui­

noline (XL) W88 followed and a 77% yield of 5-bromoisoquinolina was 

obtained, rn.p. 82.5-84°, lit. value 82-84° (19). 

(b) Preparation of 5-Bromo-8-nitroisoguino1ine (XLV) 

5-Bromo-8-ni troiso'lUinolin'3 (XLV) W8:;, prepared by the 

ni trstior. of 5-bromoisoquinolinc (XLIV) fol10v.ring the procedure of 

Osborn and Madeleine (19). The yield Vl"lS 70%; yallow naedles, rn.p. 

138-139.5
0

; lit. value I39-14r°;'i(19). 
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(c) Pr'3paration of 8-Aminoisoguinoline (XLVI) 

The method used by Gordon and Pearson (26) for the re­

duction of 5-bromo-8-nitroisoquin~iine (XLV) to 8-8minoiso~uinoli­

ne (XLVI) was followed. A 72% yield of the amino compound was ob-

tained, m.p. 172-174
0

; lit. 
o value 170-172 (26) • 

(d) Thiocyanation of 8-Aminoisoguinoline (XLVI) 

8-Aminoisoquinoline (XLVI) (3.35 g, 0.015 mole) and 

potassium thiocyanate (6.0 g, 0.047 mole) were dissolved in 90 ml 

of 95~ glacial Bcetic acid in a 250 ml three necked flask ~quipped 

with a mechanic81 stirrer, a thermometer and a dropping tunnel. 6 Ml 

of absolute methanol was also added. 'Ehe resul ting solution iVas coo­

lad to 0_5 0
, and bromine (0.9 ml, 0.015 mOle) in 10 ml of 95% gla­

cial acetic acid was added dropwise to the stirred solution over a 

period of twenty minutes. After the reaction mixture was stirred 

for an additional hour at roorn temperature, it wos poured into 100 

ml of \'Vater. The acid solution was neutrEllized with sodium carbo­

nate solution. The yellow precipitate was filterf:ld élnd dried to give 

2.4 g (79~ yield) of 8-amino-5-thiocyanoisoquinoline (XLVIII). Re­

crystallization from bBnzene yielded yellow naedles, rn.p. 209-211°. 

Anal. Calcd. for CIOH
7
N3S: C, 59.57; H, 3.51; N, 20.88; 

Found: C, 59.27; H, 3.83; N, 20.66; 

(e) Acid hydrolysis of 8-Amino-5-thiocyanoisoguinoline (XLVIII) 

8-Amino-5-thiocyanoisoquinoline (XLVIII) (2.0 g, 0.01 mole) 
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ivas dissolved in 100 ml of ethanol and 100 ml of 8N bydrochloric 

acid. The resulting solution wes refluxed for three hours. After 

refluxing, the volume was reduced to 50 ml by evaporating on a 

water bath. The acid solution was neutralized with sodium carbonate 

solution. The yellow precipi tate was fil tered, washed 'Ni th water, 

and let stand overnight. Recrystal1ization froID ethanol gave 1.8 g 

of 8-amino-5-mercepto isoquinoline (XLIX) (90% yield), yel10w 

needles, rn.p. 244-246°. 

Anal. Calcd. for C9HsN2S: C, 61.36; H, 4.54; Ir, 15.91; 

s, 18.19; 

Found: C, 61.77; H, 4.05; N, 16.09; s, 18.13; 

(f) Preparation of 5-Acetarnidoisoguinoline (L) 

The procedure given by Craig and Case (14) for the pre­

paration of 5-acetamidoisoquinoline (L) from 5-aminoisoquinoline 

(XL) ';','8S followed, and a 85% yield of "ùhis compound was obtained, 

rn.p. 161-163 0
; lit. value 163-1640 (14). 

(g) Preparation of 5-Acetamido-8-nitroisoguinoline (LI) 

5-Acetamido-8-nitroisoquinoline (LI) was prepared in 

61% yield by the procedure of Keilin and Cass (29), rn.p. 224-226
0

; 

lit. value 225-2270 (29). 

(h) Preparation of 5-Acetamido-8-arninoisoguinoline (LII) 

5-Acetamido-8-nitroisoquinoline (LI) (4.6 g, 0.02 

mole) '.783 reduced for two hours in absolute ethanol 'id th 5% 

palladium on charcoal and bydrogen. The catslyst Vv8S filtered 
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was dissolved in 100 ml of ethanol and 100 ml of 8N bydrochloric 

acid. The resulting solution was refluxed for three hours. After 

refluxing, the volume was reduced to 50 ml by evaporating on a 

water bath. The acid solution \Vas neutralized with sodium carbonate 

solution. The yellow precipitate was filtered, washed with water, 

and let stand overnight. Recrystallization from ethanol gave 1.8 g 

of 8-amino-5-mercapto isoquinoline (XLIX) (90% yield), yel10w 

needles, m.p. 244-246°. 

Anal. Calcd. for C9HgN2S: C, 61.36; H, 4.54; N, 15.91; 

S, 18.19; 

Found: C, 61.77; H, 4.05; N, 16.09; S, 18.13; 

Cf) Preparation of 5-Acetamidoisoguinoline (L) 

The procedure given by Craig and Case (14) for the pre­

paration of 5-acetamidoisoquinoline (L) from 5-aminoisoquinoline 

(XL) was followed, and a 85% yield of this compound was obtained, 

m.p. 161-163
0

; lit. value 163-164
0 (14). 

(g) Preparation of 5-Acetamido-8-nitroisoguinoline (LI) 

5-Acetamido-8-ni troisoquinoline (LI) was prepared in 

61% yield by the procedure of Keilin and Cass (29), m.p. 224-2260
; 

lit. value 225-2270 (29). 

(h) Preparation of 5-Acet~ido-8-aminoisoguinoline (LII) 

5-Acetamido-8-nitroisoquinoline (LI) (4.6 g, 0.02 

mole) Wél8 reduced for two hours in absolute ethanal wi th 5% 

palladium on charcoal and bydrogen. The catalyst was fi1tered 
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off and the filtrate was evaporated to dryness. The resulting 

yellow solid substance was recrystallized from ethanol to give 

3.4 g (85% yield) of 5-acetamido-8-aminoisoquinoline (Lll) as 

yellow needles, m.p. 

(1) Preparation of 2.5-Diaminothiazolo(5,4-h)isoguinoline (XXII) 

5-Acetamido-8-aminoisoquinoline (Lll) (3.02 g, 0.015 

mole) and potassium thiocyanate (6.0 g, 0.047 mOle) were dissolved 

in 120 ml of 95% glacial acetic acid in a 250 ml three necked 

flask equipped with a mechanical stirrer, a thermometer and a 

dropping funnel. Absolute methanol (10 ml) was also added. 

o . ( 
The resulting solution was cooled to 0-5 and bromine 0.9 ml, 

0.015 mole) in 15 ml of glacial acetic acid was added dropwise 

to the stirred solution over a period of twenty minutes. The 

reaction mixture was poured into 100 ml of water after being 

stirred for another hour. The acid solution was neutralized with 

sodium carbonate solution. The orange crude precipitate was 

filtered off and dried overnight. The crude product (5-acetamido-

8-amino-7 -thiocyano-isoquinoline) weighed 3.2 g. 

A solution of 3.0 g of crude product in 150 ml of 

etfianol and 150 ml of 4N bydrochloric acid was refluxed for three 

hours. The acid solution was filtered and the volume of the 
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filtrata was reducad to 50 ml. The acid solution was poured onto 

cracked ice and neutralized with sodium carbonate solution. The 

dark green precipitate was filtered and recrystallized from aqueous 

alcoholic solution as yellowish green naedles, m.p. 274-2760
• The 

total yield of 2,5-diaminothiazolo(5,4-h)isoquinoline (XXII) was 60%. 

Anal. Calcd. for ClORa N4 5: C, 55.54; H. 3~73; N, 25.91; 

Found: C, 55.68; H, 3.77; N, 25.74; 

(j) Preparation of 2,5-Diacetamidothiazolo(5,4-h)isoguinoline 

(XVIII) 

2,5-Diaminotbiazolo(5,4-h)isoquinoline (XVII) (0.3 g, 

1.4 millimole) was refluxed in a mixture of 4 ml of acetic anhydride 

and 2 ml of pyridine for one hour. Fil tra.tion of the cooled reaction 

mixture gave 0.35 g(84% yield) of 2,5-diacetamidothiazolo-(5,4-h)iso­

quinoline (XVIII). The product was recrystallized from N,N-dimethyl; 

o fonnamide to obtain colorless fine naedles, m.p. > 350 • 

Anal. Calcd. for C14~2N4025: C, 55,98; H, 4.03; N, 18·~64; 

5, 10.68; 

Found: C, 55.79; H, 4.10; N, 18.78; 5, 10.61; 

4. 5YNTHESIS OF THIAZOLO(5,4-f)ISOQUn~OLINE (IV) 

(a) Preparation of m-Methoxybenzaldehyde (LIlI) 

m-Methoxybenzaldehyde was prepared in 75% yield by the 

procedure of Icke et al. (27) from m-hydroxybenzaldehyde; (XXXIII), 

b.p. 84-87°/ 2 mm; lit. value 88-90°/ 3 mm (27). 
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(b) Preparation of m-Methoxy-t..) -ni trostyrene (LI V) 

m-Methoxybenzaldehyde (LIll) (6.75 g, 0.05 mole) was 

dissolved in 100 ml of ethanol at room tempe rature and the solution 

was cooled to 5_100 after nitromethane (6.0 g, 0.0985 mole) w~s added. 

Then 100 ml of 2 solution of 5 g sodium hydroxide in 100 ml of 

ethanol, cooled to 5-100
, was then added from a dropping funnel at 

a rate of 5 ml per minute. The reaction mixture was stirred vigorous­

ly and kept below 150 during the addition of the ethanolic sodium 

hydroxide sOlution. The insoluble sodium salt of the condensation 

product precipitated as the reaction proceeded. After the alkali 

had been added and ',vi th the temperature kept below 100
, ice water 

was slowly added until aIl the sodium salt dissolved. The resulting 

basic solution was poured through a glass-sintered funnel to remove 

the small amount of undissolved material, and tbis solution was then 

added to hydrochloric acid (60 ml of concentrated hydrochloric aci~ + 

90 ml of wator) with stirring during the addition but with no attempt 

being made to control the temperature. A fine yellow precipitate formed 

immediately. After standing for half an hour it wus filtered, washed 

wi th ',vater and dried to gi vs 6.4 g (79% yield) of yellovv needles of 

rr-methoxy-~-nitrostyrene (LIV), m.p. 88.5-90
0

; lit. value 91-

92° (19). 

(c) Preparation of ~ -3-Methoxyphel1etbylamine (LV) 

In an atmosphere of dry nitrogen, 12 g of lithium 

aluminum hydride vms suspended in 250 ml of tetrahydrofur:m previous­

ly dried 2nd distilled ov·ar lithium aluminum bydride. 'ilhile stirring, a 
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solution of 17.9 g (0.1 mOle) of m-methoxy~trostyrene (LIV) in 

180 ml of purified tetrahydrofuran was added dropwise at such a 

rate that the refluxing didnat become too vigorous. After the 

addition, the reaction mixture was stirred for an additional hour. 

Wbile oooling, 40 ml of 1:1 ratio water-tetrahydrofuran mixture was 

slowly added with stirring to decompose the excess reagent. The 

mixture was then slowly treated with 125 ml of 30% sodium hydroxide 

solution. The tetra~drofuran layer was separated and dried over 

anhydrous sodium sulfate. Àster distilling off the tetrahydrofuran, 

the product was distilled under reduced pres~ure and the fraction 

boiling at 108-110°/2 mm (lit. value 118-119°/ 6 mm (26) was 

collected to give 10.8 g (71.5% yield).of~-3-methoxyphenethylamine 

(LV). The product rapidly forms a solid carbonate in the air. 

Cd) Preparation of 6-Methoxy-l.2,3,4-tetra~ydroisoguinoline 

(LVI) 

The procedure of Helfer (30) was fol1owed to prepare 

this compound from ~-3~ethoxyphenethylamine (LV). 6-Methoxy-

1,2,3,4-tetrahydroisoquinoline (LVI) was obtained in 64% y~eld 

a~ a colorless oil, b.p. 128-130°/2 mm; lit. value 143-144°/ 

6 mm (30). 

(e) Preparation of 6-Methoxyisoguinoline (LVII) 

6-Methoxy-l,2,3,4-tetrahydroisoquinoline (LVI (10.0 g, 

0~0614 mOle) and 10?& palladium on charcoal (3 g) in 50 ml of 



-~-

decalin were placed in a tbree necked flask e~uipped with a 

mechanical stirrer, a nitrogen inlet and a reflux condenser with 

o a calcium chloride tube. The mixture was heated at 180-190 for 

three hours. After cooling, the solution was diluted with 100 ml 

of diethyl ether and filtered to remove the catalyst. The ether 

solution was extracted with three portions of 3N hydrochloric 

acid. The remaining acid solution was shaken with fresh ether 

to remove impurities from the acid solution. The acid solution 

was evaporated into dryness and neutralized with sodium carbonate 

solution. À layer of oil was formsd. Isolation by ether-extraction 

gave 6-methoxyûsoquinoline (LVII) in 61% yield; the hydrochloride 

salt melting at 2160
; lit. value m.p. 2200 (5). 

Cf) Preparation of 6-gydroxyisoquino1ine (LVIII) 

The procedure of Robinson (16) was followed to prepare 

th1s compound and a yield of 80% of 6-hydroxyisoquinoline (LVIII) 

was obtained, m.p. 220-222 0 
; lit. value 2200 (16). 

(g) Preparation of 6-Aminoisoguinoline (LIX) 

The method used by Robinson (16) for the preparation of 

this compound from 6-hydroxyisoquinoline (LVIII) W3S fo11owed and 

a 80% yie1d of 6-aminoisoquinoline (LIX) was obtained, m.p. 216-

2186 ; lit. value 217-218 0 (16). 

(h) Preparation of 6-Amino-5-thiocyanoisoguinoline (LX) 

6-Aminoisoquinoline (LIX) (2.88 g, 0.02 mole) and 
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potassium thiocyanate (8.0 g, 0.063 mole) 'Nere dissolved in 100 ml 

of 95% glacial acetic acid in a 250 ml three necked flask equipped 

with a mechanical stirrer, a thermometer and a dropping funnel. 

The resulting solution was coo1ed to 00 to 50 and bromine (1.2 ml, 

0.02 mOle) in 10 ml of glacial acetic acid was added dropwise to 

the stirred solution over a period of ~/enty minutes. The reaction 

mixture was poured into 100 ml of water after being stirred for an 

additional hour. The acid solution was neutra1ized with sodium 

carbonate solution. The orange precipitate was filtered and dried 

overnight. The crude product was obtained in 85% yield. Recrysta1-

lization from a large volume of benzene gave yel10w needles,of 

6-amino-5-thiocyanoisoquinoline (LX), m.p. 159.5-161 0
• 

Anal. Calcd. for ClOHTN3S: C, 59.68; H, 3.51; N, 20.88; 

S, 15.92; 

Found: C, 59.59; H, 3.52 ; N, 20.99; S, 15.76; 

(i) Preparation of 2-Aminothiazolo(5,4-f)isoguinoline (XIV) 

A solution of 6-amino-5-thiocyanoisoquinoline (LX) 

(2.0 g, 0.01 mole) in 120 ml of 4N Qydrochloric acid and 120 ml 

of ethanol was refluxed for two hours. The acid solution was 

evaporated in order to remove the ethanol and was neutralized 

with sodium carbonate solution. The yellow precipitate was 

filtered, washed with water and dried to give 1.82 g (91% yield) 

of 2-aminothiazolo(5,4-f)isoquinoline (XIV). Recrystallization 

from aqueous alcoholic solution gave yellow needles, m.p. 251-253°. 
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Anal. Calc. for CIOHTN3S: C, 59.68; H, 3.51; N, 20.88; 

S, 15.92; 

Found: C, 59.66; H, 3.61; N, 20.73; S, 15.80; 

(j) Preparation of 2-Chlorothiazolo(5,4-f)isoquinoline (XIII) ... --: .. , ,-, 

The preparation of cuprous chloride was made in the 

sarna rnanner as mentioned previously. A warm solution of 3.0 g of 

cupric sulfate pentahydrate and 0.66 g of sodium chloride, was added 

ta a warm solution containing 0.54 g of sodium bisulfite and 0.36 

g of sodium hydroxide. The white precipitats of cuprous chloride 

was dissclved in 10 ml of concentrated bydrochlaric acid. 

2-Aminotbiazolo(5,4-f)isoquinoline (XIV) (1.2 S, 6 

millimole) was added with mechanical stirring to 40 ml of 85% phos­

phoric acid cooled and maintained at 5-100
, and 10 ml of 70% nitric 

acid was then added. o The resulting solution was cooled to 0-5 and 

sodium ni tri te (0.44 g, 6.5 millimole) in 4 ml of v:T~ter was added 

with constant stirring over a period of fifteen minutes. The re-

action mixture ,vas stirred for another fifteen minutes at this tempe-

rature, éill'Jd was then added to the stirred solution of cuprous chloride 

o in bydrochloric acid at 0-5 over a period of t7!'3nty minutes. The 

reaction mixture was stirred for another hour at room temperature. 

It was then made basic Yiith 20% sodium bydroxide solution, with cool-

ing and stirring. The basic mixture -il2.G extractecl ',-d th three 

portions of 250 ml diethyl ether. The ether extract was washed 
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with water, dried over magnesium sulf~te, and evapornted to dr~~ess, 

leaving a pale yellow solide The crude 2-chlorothiazolo(5,4-f)iso­

Q.uinoline (Xlll) w:?s sublimed a.t 2 rr;w (bnth temperature 110°). The 

sublimate (0.52 g, 38% yield) W3S recrystallized twice from n-h"lxane 

giving 0.45 ~ of colorless naedles of chloro-collipound, m.p. 170° 

(decOlr.p.) • 

.Anal. Calcd. for C
IO

H
5

:N2Scl: C, 54.42 ; H, 2.28; l'J, 12.70; 

Cl, 16.07; 

Found: C, 54.03; H, 2.70; N, 12.81; Cl, 16.10; 

(k) Pr8para.tion ':)i This zo'lo (5 ,4-f)isoguinoline (IV) 

2-Chlorothiazolo(5,4-f)iso~uinjline (XIII) (0.5 g, 2.3 

millimole) W3S dissolved in a mixture of 8 ml of 47% bydriodic aCid, 

4 ml of 95% glacial acetic acid, 4 ml of wster and 0.28 g of red phos-

ph0I'US were added. The resul ting mixture vIas refluxed for three hours 

anù fil t'3red while hot. The volume was reduced to 6 ml and allowed 

to stsnd for cooling. The orange-red crystalline substance was fil­

tered and neutr:::llized v:i th dilute sodium carbonate solution. The 

resul ting compound "n8S fil tered off, vvashed wi th water, and dried. 

Recryst311ization from n-hexsne gave colorless needles of thiazolo­

(5,4-f)is0'luinoline (IV) in 55% yield, rn.p. 174-175.5°. 

Anal. Cslcd. for C10H6N2S: C, 64.49; II, 3.25; rI, 15.05; 

s, 17.21; 

Found: C, 64.76; E, 3.29; 1\",14.52; s, 17.08; 
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(1) Prep~r~tion of 2-Acetamidothiazolo(5,4-f)isoguinoline (XV1) 

2-Aminothiazolo(5,4-f)iso~uinoline (XIV) (0.3 g, 1.) 

. , l' 1) lL:;' _ . ~mo e ','i'!J.s reflu.:x:ed in a mixture of 5 ml of ;J.cetic anhydride 3nd 

2.5 L:l1 of ETridine for one hour and allowed to cool ta room tempe-

ratul~9. The white precipitate was filtereel off and washecl'trith iNa-

ter ta give 0.24 g (81% yield) of 2-acetamidothiazalo(5,4-f)isog,uino­

line (XVI). Recrystallization from absolute ethanol gave colorless 

needles, m.p. > 350
0

• 

Amü. Calcel. for c12H
9
n

3
0s: c, 59. 24; H, 3.73; N, 17.27; 

s, 13.08; 

Found: C, 59.64; H, 3.31;:fT, 17.32; S, 13.33; 

(m) Preparation of 2-H,ydroxythiazolo(5,4-f)isoguinoline (XV) 

2-Ch10rothiazolo(5,4-f)isoquinoline (XIII) (0.3 g, 

1.48 millimole) Vl?;S refluxed in 30 ml of 0.5N sodium hydroxide solution 

for three hours. The solution Wfi.S caolei to room temperature and acidi-

ned w'i th clilut2 ncetic 2.cid to pH 6. The resu1 tin§,' precipi ta te ',V3S 

filtered off, washed with water and. drieel to give :::j 65% yield of 2-

hyQroxythiazolo(5,4-f)isoquinoline (VU, 
.J~ VI. Recry3t~11ization from 

él.;;.ueous ethanolic solution g~ve fina yellow neeelles, rn.p. >- 350
0

• 

Faun,l: G, 59.41~ 5,3.37; IJ, 13.73; 
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SUJOURT ABD CLAIE TO OBIGINAL BESEARCH 

1. The spnthesis of tb1azo10(4,5-h)isoqaino1ine trom 7-emino-iso­

quiao1iae was accomp1ished in three steps. 

a) Th1ocyanation ot 7-aaino1so~noline with bromine and po­

tassiua thioCTanate, to11cnred. by' C7clization of 7-8mino-

8-th1ooy&noisoquiao1ine 1ie1ded 2-amlnoth1azo10(4,5-h)180-

quino1ine. 

b) Diazotization of 2-amiDothiaso1o(4,5-h)lsoquino1lne and 

subse~8Dt reaction with cmprous chloride produced 2-chloro­

tb1azo1o(4,5-h)lso~ino1lne. 

C~l Reduction of 2-chlorothiazolo(4,5-h)isoquino1lne wlth bydri­

odic aoldand red phosphoras 7ie1ded thiazo1o(4,5-h)isoquino-

1in8. 

2. Th1oo7anatlon of 5-8m1Dolso~no1ine gave 5-&D1i.no~-thioo78no­

isoquino1ine as the on17 reactlon~product. 

3. Aoid b1'dro1ysis of 5-amino-8-thioqanoisoquiao1lne uslng SN 

b1'dro'ch10ric acid and ethano1 produced 5 __ iao-8-meroapto­

i~: 18q~no1ine. 

4. Thioc7anation of 8-amiaoisoquino1ine with thioc7aaogen gave 

8-amiDo-5-th1ocyanoisoquinoliüe. 

5. ACid bydro1ysis of 8-amino-5-th1ocyanolsoquino1ine wi th SN 

b1'drooh1orio acid and ethano1 gave 8-amino-5-aercaptoisoquinoline. 
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6. A plausible mechanism for the conversion of a thiocyano com­

pound into a thiol using concentrated bydrochloric acid and 

ethanol was proposed. 

7. Catalytic bydrogenation of 5~cetamido-8-nitroisoquinoline 

using 5% palladised charcoal produced 5-acetamido-8-amino­

isoquinoline. 

8. Thiocyanation of 5-acetamido-8-aminoisoquinoline, followed 

by cyclization of 5-acetamido-8-amino-7-thiocyanoisoquinoline 

produced 2,5-diaminothiazolo(5,4-h)isoquinoline. 

9. Thiocyanation of 6-aminoisoquinoline with thiocyanogen gave 

6-amino-5-thiocyanosioquinoline. Ring closure of 6-amino-5-

thiocyanoisoquinoline produced 2-aminotbiazolo(5,4-f)isoquino­

line. 

10. The synthesis of thiazolo(5,4-f)isoquinoline from 2-amino­

thiazolo(5,4-f)isoquinoline was achieved by diazotization, 

Sandmeyer reaction and reduction of the 2-chloro derivative. 

Il. Acetylation of 2-amino-thiazolo(4,5-h)- and 2-aminothiazolo­

(5,4-f)isoquinolines \Vi th acetic anhydride in pyridine gave 

2-acetamidothiazolo (4, 5-h) and 2-8 cetamidothiazolo (5 ,4-f)­

isoquinolines respectively. 
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12. The react10n o~ 2-cblorothiazolo(4,S-h)- and 2-chlorothiazolo­

(S,4-~)1soquinoI1nes w1th d1lute sodium ~droxide solution 

produced 2-h3dro~hiazoloC4,S-h) and 2-~drO%Ttbiazolo(5,4-t)-

1soquinol1nes respeot1vel7. 

13. De~drogenat1on 0~~eth0%7-l,2,3,4-tetra~droisoqu1noline 

using l~ palladised charcoal in decalin gave 6-methoX7iso­

quino11ne. 

14. The 

(a> 

(b) 

(c) 

(d) 

(e) 

(t) 

Cg) 

(h) 

(1) 

(j) 

(k) 

(l) 

(IIÏ) 

(n) 

(0) 

(p) 

following new compounds were prepared and characterizeda 

2-am1nothiazolo(4,S-h)isoquinoline 

2-chlorotbiazolo(4,5-h)1soquinoline 

thiazolo(4,S-h)isoquinoline 

2-acetamidothiazolo(4,5-h)isoqu1noline 

2-~droxTthiazolo(4,S-h)isoquinoline 

S-amino-8-tbiocyanoisoquinoline 

S-am1no-8~eroaptoisoqu1noline 

6-am1no-5-tbiocyanoisoquinoline 

8-amino-5~ercaptoisoquinoline 

S-acetamido-8-aminoisoquinoline 

2,S-diaminotbiazolo(S,4-h)1soquinoI1ne 

2,S-diacetamidoth1azolo(5,4-h)ieoquinoline 

6-am1no-S-thiocyanoisoquinoline 

2-aminotb1azolo(S,4-t)isoquinoline 

2-cblorothiazolo(S,4-f)isoquinoI1ne 

thiazolo(S,4-~)1eoqu1noline 
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(~) 2-acetamidothiazolo(5,4-f)iso~uinoline 

Cr) 2-hydroxythiazolo(5,4-f)iso~uinoline 

15. The nuclear magnetic resonance spectra of 311 the new com­

pounds were recorded and correlated with the structure. 

16. The ultraviolet spectra of aIl the new compounds were recor­

ded and discussed briefly. 

11. The infrared spectra of aIl the new compounds were rAcorded 

and discussed in sorne detail. 

18. The infrared, ultraviolet and nuclear magnetic resonance 

spectra of pr~viously known isoquinolines were investigated. 
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