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GENERAL INTRODUCTION

This dissertation reports the syntheses of some thiazolo;‘
isoquinolines, a class of compounds resulting from fusion of the
thiazole and the isoquinoline rings through two adjacent carbon
atoms. Eight thiazoloisoguinolines are bossible and of the eight .
isomers, only thiazolo(4,5—c)— and thiazcle(S,4-c)isogquinolines have
already been investigated. These two isomers differ only in the
orientation of the thiazole ring on the pyridine ring of the iso-
quincline nucleus. Therefore it was of significance and interest
to develop methods for the syntheses of the unknown thiazoloiso-
quinolines and their derivatives., The isomers chosen for this work
were thiazolo(4,5—h)— and tbiazolo(5,4—f)isoquinolines. In these
structures, the thiazole ring is fused to the benzeunoid ring of the
isoguinoline nucleus. The study of the spectra of thiazolo(4,5-h)-
and thiazclo(5,4~f)isoquinolines and their derivatives vwas also

undertaken.

The spectra of the substituted isoquinolines used as
intermediates in this work were unknown, therefore it was of great
interest to record their infrared, ultraviolet and nuclear magnetic

resonance spectra and to establish the main spectral characteristics

»f these compounds.

Some unexpected reactions wsre observaed during the attempted
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syntheses of thiazolo(5,4-h)- and thiasolo(4;5-f)isequinolines,
e.8. oonversion of a thiocyano group to a thiol using merely

hydrochloric acid and ethanol.
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HISTORICAL INTRODUCTION

Of the eight possible thiasoloisoquinolines, only thia-
zolo(4,5-c)- and thiasolo(5,4-c)isoquinolines have already been
1westigatea (2,3). No thiazolo(4,5-f)-, th:as§1o(5,4-f)-, thia-
zolo(4,5-g)~, thiazolo(5,4~-g)=-, thiaszolo(4,5-h)- and thiasolo(5,4~h)-
isoquinolines haie been previously ayuthbaized. Soverai'thilzolo-
(2,3-@)1soqn1noliniun compounds have also been prepared by 1,3«
dipolar addition of carbon disulfide to bensylisoqninolinium salts
and also by the reaction of_ﬁéid 6hloridsstith l-isoqpinélylthio-

acetonitrile (38, 77).

- NOMENCLATURE AND STRUCTURE

The thiazoloisoquinolines are named according to the
_nomenclature rules given in the Ring Index by Patterson et al. (1),
The base component of thiazoloisoquinolines is isoquinoline, because
it is the largest individual ring. Both asngular and linear anne= |
lations are possible in the thiazoloisoquinoline series. The angular
annelation provides six of the eight possible isomers which are
analogous to the phenanthrene series, while the two isomers, thia-
golo(4,5-g)= and thiazolo(5,4-g)isoquinolines, involve linear anne-
lation analogous to the anthracene series. The four thiagoloiso-
quinolines which will be discussed presently (thiazolo(4,5=f)-,
thiazolo(5,4-1)-, thiazolo(4,5-h)- and thiazolo(5,4-h)isoquinolines)
‘are of the angular annelation type. The first two compounds form

a pair differing only in the orientation of the thiazole ring on
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the benzenoid ring of the isoquinoline nucleus. This applies
simtlarly to the remaining two compounds. The structure and num-

bering of the eight possible thiazoloisoquinolines ars listed on

the following page.

GENERAL CONSIDERATIONS OF THE SYNTHESES OF THTAZOLOISOQUINOLINES

Apart from thiazolo(4,5—c)— and thiazolo(5,4-c)iso—
quinolines, other compounds of this series may be nrepared by
either annelation of a thiazols ring onto an isoguinoline 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 thiazole
ring, since the thiazole ring of both compounds is fused to the
pyridine ring of the isoguinoline 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, Three important

types of ring closure are indicated below,

Type A Type B Type C

N, N N,
S/ ~ ~? O S/
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. The methods of these cyclizations are grouped into types
4, B and C, respectively. They can be extended to the preparation of

naphthothiazoles and thiazoloquinolines as well (9,12,67,68).

Type A synthesis involves reactions of o-aminoarylthiols with
aldehydes and carboxylic acids or derivatives such a2s acid chlo-

rides, oxr anhydrides.

H
cL NH> cL N
‘:€;}‘5J:<)C:L if"(:6ﬂ15i
8 o~ . > 2
SH CgH5N(CHZ ) sH ©

X 1 X
) VAL
OS>‘°6“5

X X1

An example of this synthesis is the conversion of 2-amino-—
4—chlorothiophenol (X1X) +to 5-chloro-Z~phenylbenzothiazole (xx1)
by treatment with benzoyl chloride in dimethylaniline (M.
2=Benzoylamino—4-chlorothiophenol (XX), an intermediate, was
prepared and shown to cyclize readily. Similarly, 2-methylthia-
zolo(4,5—c)pyridine was prepared from 3-amino-4-mercaptonyridine
and acetic anhydride (90) and 5-chloro-2-methylbenzothiazcle was
prepareld from 2-amino—4-chlorothiophenol (7). On the other hand,

the reaction of 2-amino—-4-chlorothiophenol with acetaldshyde in
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‘ ~ pyridine gave 2-amino=5~chlorobengothiazoline which was converted
to 2-amino-5-ohlorobenzbth;|.aaolo upon recrystalligation (8). The
required Pramincarylthiols can be obtained through the reductionm
of bis-nitrophenyldisulfide derivatives or by the action of sulfur
monochloride on the hydrochlorides of arylamines (40, 41)

Type B synthesis involves oycligation of thioacylamido aromatic
compounds. It ocan be divided inte two classes diponding upon the
nature of the substituents required to bring n'bdut the cyoclization,

1) Jacobson Synthesis

| s\>-c H | 3
@ N/ €5 KzFe(CN)g | O)'cs“'s

?(Xll _ - XX|||

The cyciiszation of m-nitrothiobenzanilide (xx11) to 5"
nitro-2-phenylbenzothiagole (XX111) is an example in this group. -
It was found by Jacobson (6) that thioanilides and thicuretbanes
yielded upon oxidation wiih potassium ferricyanide benzothiazoles |
and their 2-alkoxy derivatives; When the method was appiied to

the oyoligation of thioacotanilidc,-‘it led to the formation of
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2-methylbenzothiagole (6). Similarly, the cyclization of 2-
acetamidopyridine with potassium ’forrioyan:ldo gave 2-methylthia=~
solo(4,5-b)pyridine (88).

(2)A Hugerschoff Synthesis

H : B r
AN o N |
NC-NHCgHs NHC H
“S Br2/CHCL 3 R @OS ~NHCgHs

XXV | | XXV

This method is vrestricAt'od to the preparation of amino-
bengothiazoles from arylthioureas. Hagerschoff (4), using ~
diphenylthiourea (XX1V) and bromine, obtained 2-phenylamino-
bengotMazolo (Xxv). Similarly, 2-nitrophenylthiocurea yielded
2-amino-4-nitrobenzothiazole (10) and 2-aminonaphtho(1l,2«d)=

thiagole was obtained from l-naphthylthiourea (43).

(3) Syntehsis Through Aryne Intermediate



H
N -
Nc-CgHsg xc-s
Ié NH2 c': H
CHj Br * CHj 675
XXVI
Ny NH3
s>_c6H5
CH3
XXVII

E-Phenylbenzothiazoles were also prepared from o-bromo-
thioacetanilides by the action of potassium amide in ammonia (84,
85). Thus, 6-methyl-—2-phenylbenzothiazole (XXVII) was obtained
from 2-bromo—4-methylthiobenzanilide. This reaction involves fhe
addition of a sulfur nucleophile to an aryne intermediate which

is formed by treatment of a suitable aryl halide with strong base.

Type C synthesis involves the cyclization of o-thiocyano arylamines.

NHo N
S CHZ

XXVIli XXX

CH3



The cycligation of 4-methyi-2-¢h1ooyancaniline (XIVIII)
to 2-amino-6-methylbengothiazole (XX1X) 4is a good example of this
type (18). The required thiocyano arylamines are directly pro-
duced by treatment of p-substituted arylamines with thiocyanogen.
Thi ooyanogen can be formed ﬁy electrolysis of concentrated aqueous
solution»of alkali metal thiocyanates (39), oxidation of a thiocyanic
acid by means of lead tetraacetate or lead oxide (82), or ioaction
of alkali thiocyanates with chlorine and bromine (22,58). Thiocyano—
gen forms a colorless crystalline solid oﬁ cooling and melts at--3°
and -2°. It is hydrolyszed by water and is decomposed by alcohols,
In most of its chemical properties, thiocyanogen displays marked |
resemblance to the healogens and may be assigned a place between bromine
. and iodine. The ortho-substituted thiocyano arylamines can usualiy
be isolated, although direct cyclization is also possible, 2=
Aminothiazolo(5,4=f)quinoline has been directly obtained by the
reaction of 6-aminoqninoiine with thioocyanogen (57). Hall and
Taurins - (2) have reported the thiocyanation of 3-aminoisoquinoline
which gave 3-amino-4-thiocyanoisoquinoline. The oyclization of 3~
amino-4~thioccyanoisoquinolina to 2-aminothiazolo(4,5-c)isoqninoline

was bthen effected by treatment with hydrochloric acid.

Geharally speaking, for the syntheses of thiazoloiso=-
quinolines, the immediate precursors could be o-aminomercapto-
isoquinolines, thioacylamidoisoquinolines, isoquinolylthioureas
and o-—aminothiocyanoisoquinolines, however, these have not been

reported in the literature.
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The ocyclization of A-methyl-2-thiocyanoanilice (XXVlll)
to 2-amino-6-methylbenzothiazole (XX1X) is a good example of this
type (18). The required thiocyano arylamines are dizsctly pro-
duced by treatment of p-substituted arylimines with thiocyanogen.
Thiooyanogen can ke formed iy eiectroiysis of concentrated agqueous
solution of alkali metal thiocyanates (39), oxidafion of a thiocyahic
acid by means of lead tetraacetate or lead oxide (82), or }eactioh
of alkali thiocyanates with chlorine énd bromine (22,58). Thiocyano-
gen forms a colorless crystalline solid on cooling and melts at =3°
and 2%, It 1is hydrolyzed by water amnd is decomposed byvalcqhols.
In most of its chemical properties, thiocyanogen displays marked -
resemblance to the bhalogens and may be assigned a place between bromine
and iodine. The ortho-substituted thiocyano arylamines ‘can usually
be isolated, although direot cyclization is also possible., 2=
Aminothiazolo(5,4—f)qpinoline has been directly obtained by the
resction of 6-aminoquinoline with thiooyanogen (57). Ball and
Taurins  (2) have reported the thiocyanation of 3-aminoisoquinoline
which gave 3-amino-4-thiocyanoiscquinoline. The cyclization of 3-
amino-4-thiocyanoisoquinoline to 2-aminothiazolo(4,5-c)isoquinoline

was then effected by treatment with hydrochloric acid.

Generally speaking, for the syntheses of thiagoloiso~-
quinolines, the immediate precursors could be o—aminomercapto=-
isoquinolines, thioacylamidoisoquinolines, isoquinolylthioureas
and o-aminothiocyanoisoquinolines, howevsr, these have not bsen

reported in the literature.
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In the A type synthesis, 7—amino-8-mercaptoisoquinoline
can be prepared from 7—ch1oro—B—ﬁitroisoquinoline (13) in a manner
analogous to the preparation of o-aminothiophenol from o-chloro-
nitrobenzene via a disulfide intermediate, The immediate precursor
for the B type synthesis, 5-thioacetamidoisoquinoline and 5-iso=-
quinolyithiourea can both be prepared form 5-aminoisoquinoline (XL),
5-Thiocacetamidoisoquinoline can be prepared by the reaction of 5-
acetamidoisoquinoline in bengzene in the presence of phosphorus
pentasulfide. The preﬁaration of 5-isoquinolylthiourea (XXXII)
involves the condensation of S—aminoisoqu%noline (XL), carbon di-
sulphide and triethylamine at room temperature to give triethyl—'
ammonium-5-isoquinolyldithiocarbamate (XXX). The latter compound
when heated gives 5—isoquinolylisothiocyanate (XXXI). The reaction
of S5-isoquinolylisothiocyanate (XXXI1) with ammonia gives 5-iso-

guinolylthiourea (XXX11) {19).

S
NH-C—S" NH(CaHg)3
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In the C type synthmsis, a convenient method of preparing
o-aminothioocyanocisoguinolines can jnvolve the treatment of amino-

jsoquinolines directly with thiocysnogen.

5=y 6=, T=, and B-Mnoiaocminolines were obtained from the
corresponding hydroxyisoquinolines by the Busherer reaction or by

reduction of the corresponding niiro compounds (13,15,16,31).



DISCUSSION OF RESULTS

SYNTHESIS OF THIAZOLO(4,5-h)ISOGUINOLINE (vi1)

The Tirst intermediate required for the synthesis of
thiazolo(4,5~h)isoquinoline (V11) was T-amino-8-thiocyancisoquino-
line (XXXV1l). Thiocyanation of 7-sminoisoquinoline (XXXV1) with
thiocyanogen gave 7—amino—8—thiocyanoisoquinoline (XXXVll) which
was converted to o_aminothiazolo(4,5-h)isoquinoline (X) on cycli-
zation., Diazotization of 2—aminothiazolo(4,5-h)isoquinoline (x)
and subsequent reaction with cuprous chloride led to the formation
of 2-chlorothiazolo(4,5-h)isoquinoline (1X). The reduction of 1X
with red phosphorus and hydriodic acid gave thiazolo(4,5-h)iso—

quinoline (¥11).

(1) Preparation of T-Aminoisoguinoline (XIXV1)

The preparation of 7—aminois§qpinoline (XXXVl) is
outlined in chart 2. m-Hydroxybenzaldehyde (XXXlll) was condensed
with aminoacetaldehyde diethylacetal giving m-hydroxybenzylidene
aminoacetal (XXXIV), a 3chiff base, and cyclization of the latter
compound with 76% sulfuric acid gave 7-hydroxyisoquinoline (XXXV) an.
Resction of XXXV with a solution of ammonium sulfite under Buchsrer

reaction conditions gave T-zminoisoguincline (XXXV1) (5).



®

| | HC(OCoH5) 2
' NHoCHoCHOCoHg)o |
HO CHZ - HO |
XXX a - | XXXV

76% H2S04

vrzso;
HN ~ 150% 16 hr HO™ -

CHART 2 \

(2) Preparation of Thiazolo(4,5-h)isoquinoline (Vii

Thiocyanation of T—aminoisoquinoline (XXXV1), with bro-
mine and potassium thiocyanate in 95$ glacial acetic acid solution
gave a yellow precipitate. Attempts to purify this yellow compound

were unsucocessful, the compound beir.a'insolublo in the common 80l



vents., However the crude substance was identified as a thiocyano
derivativs by its infrared spectrum which showed the thiocyano ab-
sorption at 2144 cm—l. Also the absorption pattern of the primary

amino group for 7—aminoisoquinoline (XXXV1) (three bands at 3415, 3290

and 3148 cm_l) was changed to 3445, 3365 and 3228 oL,

The nmr spectrum of the thiocyanation product in deu-
terioacetic acid showed two doublets centered at 8.45 and 8.02 $
which were assigned to H3 and H4 respectively. The poorly resolved
quartet centered at T7.75 $ of an intensity equivalent to two pro-
tons was assigned to two protons (H5 and H6) and the singlet at
9.23 § was assigned to Hj. In all probability, this suggested the

presence of 7-emino-8-thiocyanoisoguinoline (XxXxvii).

Treatment of the yellow crude substance with alcoholic
hydrochloric acid (ethanol ; 4¥ hydrochloric acid 1:1) for
three hours gave a yellow crystalline compound. It was found to be
2_aminothiazclo(4,5-h)isoquinoline (X). The absence of the thio-
cyano band in the infrared spectrum at 2144 cm_1 supported the as-
signed structurs. A strong band at 833 o::m-1 for out—of-plane C-H
vibration showed the presence of two adjacent ring hydrogen atoms
on the benzenoid rinz. The nmr spectrum of 2—aminotbiazolo(4,5—h)—
isoguinoline (X) had a singlet at 9.63 $ for Hg and two doublets
centered at 7.96 and 8.20 § were assigned to Hﬁ and H5. In addition,

two doublets with splitting centered at 8,70 and 8.52 § were assigned



to H., and 36 respectively, H., is expected at lower field ¥han 36'
because of its proximity to the ring nitrogen atom 118. While 116
and B., were expected to show coupling with 39 on the pyridine ring,
34 and 35 could net couplo because of the lirgo seperation of those

Protons from pyridime ring pretons.

The cyclisation reaction of amino-thiocyanocompounds
involves a nuoloophil_ic attack of the amino nitrogen on the carben
atom of the thiocyano group. The ease of cjcliuﬁon varies: with
the nucleophilic strength of the amino nifrogon in 'the th_iocyana—
tion product. When the thiocyanation of aromatic amino-compounds
takes place in tﬁe position ortho to an amino grouﬁ, the final pro-
duct is often an amino-=thiazole derivative which is formed immedia~
tely by a secondary reaction between the amino and the thiocyano
grours. Tms, 2-anino-6-ohlo§obon:othiasele was directly formed by
the reaction of p-chloroaniline with thiocyanogen (11). It was rea-
sonable to assume that thiocyanation of T~aminoisoquinmoline (XXXV1)
gave '7-enino-8-thiocyanoisoquinoline (XXXV1l) and 2-eminothiagole-
(4,5-h)isoquinoline (X). When the mixture was refluxed in alcoholic
hydrochloric acid T-amino-8~thiocyanoisoquinoline (XXXV1l) was con-

verted to 2-aminothiazolo(4,5-h)isoquinoline (X).

Diagotization of 2-aminothiazole(4,5-h)isoquinoline
(X) with sodium nitrite in T0% nitric acid and 85% ortho phosphoric
acid mixture (1:4 ratio), followed by the treatment of the diazonium

salt with cuprous chloride gave a 42% yield of 2-chlorothiazolo-
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to H., and 116 respectively. B., is expected at lewer field $han Hs
because of its proximity to the ring nitrogen atom 11’8. While 36
and H., were expected to show coupl:lng with 119 on the pyridine ring,

B

protons from pyridine ring pretons.

and. 35 could not couple booauuo of the hrgo soporation of those

The cyclisation reaction of amino-thiocyanocompounds
involves a mzoleophil;c qttack of the amino nitrogen en the carﬁon
atom of the thiocyano group. The ease of cyclization varies: with
the nucleophilic strength of the amino nitrogen in Itho thiocysna-
tion product. When the thicoyanation of aromatic amino-compounds
takes place in the position ortho to an amine greup, tbke final pro-
duot is often an amino-thiagole derivative which is formed 1-06.18-
tely by a secondary reaction between the amino and the thioccyano
groups. Ths, 2-anino-6-chloi'obensothiasole was directly formed by
the reaction of p-chleroaniline witk thiocyanogen (11). It was rea-—
gonable to assume that thiocyanation of 7~eminoisoquinoline (xxx7)
gave '7-anino-8-thiocyanoisoquinoline (XXXVII) and 2-aminothiagole~-
(4,5-h)isoquinoline (X). When the mixture was refluxed in alcoholic
hydrochleric acid 7-amino-8~thiocyanoisoquinoline (XXXV1l) was con-

verted to 2-aminothiazolo(4,5-h)isoquinoline (x).

Diazotization of 2-aminothiagolo(4,5-h)isoguinoline '
(X) with sodium nitrite in 70% nitric acid and 85% ortho phosphoric
acid mixture (1:4 ratio), followed by the treatment of the diazonium

salt with cuprous chloride gave a 42% yield of 2—chlorothiazolo-
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(4,5-h)isoquinoline (1X). The infrared spectrum of the latter show-
ed the abssnce of the primary amino bands in the region 3400-3100 cm—l
indicating that the primary amino group was replaced by the chlorine
atom. The N-H deformation absorption at 1640 c:m-'1 was also missing.
The mmr spectrum of this compound showed a singlet at lower field
(8.94 § ) for Hé and two doublets at 8.34 and T7.35 § which were
assigned to H7 and H6 (J6,7=5'9 Hz). Two additional doublets centered

at 7.77 and 7.43 § were assigned to both H4 and H5 (J4’5=8.9 Hz).

Reduction of 2-chlorothiazolo(4,5-h)isoquinoline (1X)
with red phosphorus in hydriodic acid gave thiazolo(4,5~h)isoquinoline
(V1l) in 58% yield. Only slight change was observed in the
infrared spectrum of thiazolo(4,5-h)isoquinoline (V11) except for
the presence of a band of medium strength at 3090 cm-l, which was
assigned to C-H stretching vibration for the thiazole proton. The
nmr spectrum of this compound (V11) showed two singlets at lower
field (9.40 and 9.14 & ') for H, and Hy.e The singlet at lower field
with splitting was assigned to Hé because of its coupling with protons
H6 and Hﬁ. Two doublets centered at 2.62 and 7.78 § wers assigned
to H7 and H and two doublets centered at 8.33 and 7.82 & were

assigned to HA and H5' The complete synthésis of thiazolo(4,5—h)—

isoquinoline (V11) is outlined in Charts 3,4 and 5.
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(4,5—h)isoquinoline (1X). The infrared spectrum of the latter show-
ed the absence of the primary aminc bands in the regicn 3400-3100 cm"l
indicating that the primary amino group was replaced by the chlorine
atom. The N-H deformation absorption at 1640 c:m_1 was also missing.
The nmr spectrum of this compound showed a singlet at lower field
(8.94 § ) for H9 and two doublets at 8.34 and 7.35 § which were
assigned to H, and Hg (J6,7=5.9 Hz). Two additional doublets centered

at 7.77 and T.43 § were assigned to both H, and Hé (J4’5=8.9 Hz).

Reduction of 2—-chlorothiazolo(4,5-h)isoquinoline (1X)
with red phosphorus in hydriodic acid gave thiazolo(4,5-h)isoquinoline
(V11) in 58% yield. Only slighi change was observed in the
infrared spectrum of thiazolo(4,5-h)isoquinoline. (V11) except for
the presence of a band of medium strength at 3090 cm-l, which was
assigned to C-II stretching vibration for the thiazole proton. The
nmr spectrum of this compound (V11) showed two singlets at lower
field (9.40 and 9.14 & ') for H, and Hy The singlet at lower field
with splitting was assigned to H9 because of its coupling with protons
H6 and H?' Two doublets centered at 8.62 and 7.78 $§ were assigned
to H7 and H6 and two doublets centered at 8.33 and T.82 $ were
assigned to H, and H. The complete synthdsis of thiazolo(4,5-h)-

isoquinoline (V11) is outlined in Charts 3,4 and 5.
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ATTEMPTED SYNTHESIS OF THIAZOLO(4,5-f)ISOQUINOLINE (111)

The synthesis of thiazolo(4,5-f)isoquinoline (111)
required the preparation of the unknown 5—-amino—-6-thiocyanoisoqui=~
noline (XLl) 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—'

gquinolinse (111) is outlined in Chart 6.

S5-Aminoisoquinoline (XL) was prepared by nitration
/if isoquinoline (XXXVlll) in concentrated sulfuric acid with po=-

tassium nitrate (20), followed by reducticn cof S-nitroisoquinoline

Thiocyanstion of S5-aminoisoguinoline (XL) with po-

tassium thiocyanzte and bromine in 95% glacial acetic acid solution
_gave s yellow crystalline compound. The infrared spectrum of this

compound showed the presence of the thiocyano band at 2140 cm_1 and

bands at 3440, 3345 and 3208 cm_1 for the primary =mino group. This

suggested the presence of 5-amino-x-~thiocyanoisoquinoline. The nmr
spectrum showed a singlet at 2.64 $ for H1 and two doublets cen-

tered at 8.68 and 8.19 § assigned to H3 and H4 with coupling cons-—

tant J - 5.8 Hz. Two additional doublets centered at 6.99 and

3,4
7.87 & could arise by coupling of H7 and Hy in 5—amino-8-thiocya—
noisoguinoline (XL1l), or by H7 and Hg in the case of S5~amino—6—

thiocyanoisoguinoline CXLI). From this information alone, it was
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impossible to decide whether the reaction product was S5—amino=6-
thiocyanoisoguinoline (XL1) or 5-amino-8-thiocyanoisoquinoline
(Xr11).

The thiocyanation product of 5-aminoisoquinoline (XL)
was refluxed in alcoholic hydrochloric acid (4N hydrochloric acid:
ethanol 1:1) for three hours. But there was only a slight change,
since most of the original compound was recovered. When the concen—
tration of hydrochloric acid.was increased fium 4N to 8N while keeping
the ratio of ethanol and acid &t 1:1, a yellow precipitate was
formed. The infrared spectrum of this compound showed that the band
for the thiocyano group at 2140 om_1 was absent. Also the absorp-
tion pattern for the amino group (three bands at 3440, 3345 and 3208
cm--1 in 5—aminoax—thiocyanoisoquinoline) was changed to two bands at
3319 and 3176 cm_l. The nmr spectrum showed a pattern similar to
that of H-amino-x—thiocyanoisoquinoline, It exhibited four well
defined doublets at 8.43, 8.02, 6.71 and T7.31 & and a singlet at
9.33 & .

The elemental analysis of this compound gave the
formula C9HBNZS' It was therefore reasonable to assume that the
thiocyano group was converted to the mercapto group on acid hydro-—
lysis. The infrared spectrum however did notu indicate any bands for
the mercapto group which usually appears weakly in the region 2650
2550 cm_l. Nevertheless, the presence of the mercapto group was
supported by the fact that a yellow precipitate was formed when

this compound was treated in ethanol solution with mercuric chloride,
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If an amino group was present, no yellow precipitate should be

formed (21),

R—SH*HSCLz —l) R—S—HSCL +HCL

From the preceeding experiments, it can be concluded
that thiocyanstion of 5—§minoisoquinoline (XL) gives 5-smino-8-—
thiocyanoisoguinoline (XLll) instead of 5-amino-6-thiocyanoiso~
quinolins (XLl). Hence further work on the synthesis of 2-amino-
thiazolo(4,5~f)isoguinoline could not be done. 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 ol -naph-

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

Conversion of the thiocyanates to thiols was usually
achieved by reduction with zinc and hydrochloric acid (91). No
cases of convarsion of an thiocyano group into a thiol using merely
hydrochloric acid and etharncl have been reported previously. Riems-
chneider et al. (24,25) found that the thiocyanzites were conver—
ted to thiocarbamates by treatment with sulfuric acid at 0-50. They

showed thes reaction proceeds as follows.
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Ar—S-CzN+Hz0" === Ar—S-C=NH+H0
Ar— S— E=NH+2Hp0 —— Ar—S-C(OH)=NH+H30’

Av—S-C(OH) =NH ——=a Av—S—-CO-NHp

Similarly, with ethanol replacing ... water:

Av — S—C=N+CoHgOH(H") — Ay -S—CO-NHC2H5

The conversion of the thiocyanate into thiol probably
is preceded by an arylthiocarbamate intermediate which is hydro-

lyzed to a thiol. Fcr this reaction the following mechanism is proposed:

Ar—S—C:sN+CoHgOHp === Ar—S—C=NH+CpHgOH
Ar— S—C=NH+2CoH50H —» Ar— S—C(OCoH5)=NH+CaH50H2

Ar —S—C(OCoHg)=NH ———s Ar— S—=CO-NHC2H5
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L .
AY—S—CO—NHC2H5*C2H5OH2 = Av -S--C(OH)--NH32H5+ C2Hs0H

+
Av~S—C(OH)~NHC2Hg* CaHEOH —— At~ S~ G(OH)~NHCzHg*H’

] OC2Hg
- <+
Ax—S—C(OH)-NHC2H5 *CoH50H ——s Av — S +C2H50H2 *
OC2Hs5
C2HgNHE~0C o H5
0
Av—S +CoHs0H2 ~ Ar - SH+CpH50H

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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ATTEVPTED SYNTHESIS OF THIAZOLO(5,4~h)I50SUINOLINIG (vi11)

The route chosen for the synthesis of thiazolo(5,4-h)-
isoguinoline (V111l) involved the preparation of 8-amino-7~thiocya~
noisoguinoliine (XLVll) as an intermediate. However, thiocyanation
of 8-aminoisoquinoline (XLV1) did not yield 8-amino-T-thiocyano-
isoquinoline (XLV1l), but 8-amino-5-thiocyancisoquinoline (XLvili),
as the only product. In order to prevent the thiocyano 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 (LXl) would serve as an intermediate leading to
the formation of thiazolo(5,4-h)isoquinoline (V11l). 5-Acetamido-8-
aminoisoguinoline (Lll) was prepared which gave 5-acetamido~8—amino-
7—thiocyanoisoguinoliﬁe (1X1) on thiocyanation. 2,5-Diaminothiazo-
1o(5,4-h)isoquinoline (XV1l) was formed when LX1 was refluxed in
dilute hydrochloric acid and ethanol. Diazotization of 2,5-diami-
nothiazolo(5,4-h)isoquinoline (XV1l) 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-
T-thiocyanoisocuinoline (XLVll) is given in the Chart 7. Diazotiza-
tion of 5-aminoisoquinoline (XL) followed by the reaction of sodium
bromide in 48% hydrobromic acid gave S5-bromoisoguinoline (xL1v) (19).
Nitration of S5-bromoisoguinoline (XL1V) in concentrated sulfuric acid

with potassium nitrate yielded 70% of S5~bromo-8-nitroisoquinoline
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(xLv) (19). Catalytic hydrogenation of 5-bromo-8-nitroisoquino—

1ine (XLV) resulted in 8-aminoisogquinoline (xLvi) (26).

Thiocyanation of 8-aminoisoguinoline (XLV1) gave only
8—amino-5—thiocyanoisoquinoline (XLV11l) instead of 8-amino-T-
thiocyanoisoguinoline (XLV11l) which would have led to the for-
mation of 2-aminothiazolo(5,4-h)isoquinoline. The assignment of the
structure of S-amino-5-thiocyanoisoquinoline (XLV11l) was based
on the evidence given by the infrared and nmr spectra. The in-
frared spectrum showed the éhafacteristic thiocyano band at 2142
cm_1 and the presence of the primary amino bands at 3436, 3349
and 3218 om™ L.  The nmr spectrum showed two doublets centered at
8,65 and 7.95 & for Hy and Hﬁ with a coupling constant VJ3;4=5.8 Hz
and a singlet at 9.64 § for Hl' In addition, two doublets centered
at 7.89 and 6.65 § were also observed and assigned %o H7 and |
H6 respectively. The coupling constant J6,7 is 9.0 Hz., A further
confirmation of the structure waé obtained by the formation of
the thiol when 8—amino-5~thiocyancisoquinoline (XLV11l) was re-

fluxed with hydrochloric acid and ethanos! (8 hydrochloric acid:

ethanol 1:1).

The attempted »reparation of thiazolo(B,4—h)isoquinoline
(V11l) was modified, as outlined in Chart 8., The 5-mosition in
isoguinocline was blocked by an acetamido group and the amino

group was introduced in 8- position.  Acetylation of 5-



NH, NHCOCH,

Ol
XL
NHCOCH ' ] NHCOCHa

3
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aminoisoguinoline (XL) gave 5-acetamidoisoquinoline (L) (14)
which was nitrated with potassium nitrate in concentrated sulfuric
acid to give S-acetamido-8-nitroisoguinoline (1) (29). CcCatalytic
hydrogenation of 5-acetamido~8-nitroisoquinoline (L1). using

5% palladium charcoal produced 5—acetamido~8—aminoisoquinoline

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

The appearance of bands at 3403, 3290 and 3319 cm—1 showed the
presence of the amino and acetamido groups. The band at 1530 cm"1
for the nitro group was absent. In the nmr spectrum of this compound
two doublets centered at 8.60 and T.62 $ were assigned to H3 and 34
respectively. Another two doublets centered at 7.45 and 6.73 &

were assigned to H6 and H7 respectively. In addition to these

four doublets, the spectrum displayed a broad band centered at 6.09 §
for the amino group; the singlet at higher field (2.22 £ ) was
assigned to the methyl group of the acetamido group. The over-

lapping of the two singlets for Hi and the amide proton of the

acetamido group was centered at 9.49 s .

Thiocyanation of 5—acetamido-8-aminoisoguinoline
(Lll) under standard conditionggave a yellow compound having
extremely low solubility in most commonly used solvents, This
prevented successful characterization of the product., However, its
infrared spectrum showed the characteristic thiocyano band in the

2140 om™t region.

The yellow compound, being refluxed in hydrochlo-

ric acid and ethanol (4N hydrochloric acid; ethanol 1:1), gave



a yellowish-green orystalline subetance which was identified as
2,5-diaminothiasolo(5,4-h)isoguinoline (XV1l) by both infrared and
ner spectra. The infrared spectrum of this compound showed several
broad bands in the Tegion 3400-3100 cm™l, tut the thiecyano band was
no longer present. The nmr spectrum of 2,5-diaminoth1a§olo(5,4-h)-
isoquinoline '(xvu) showed a singlet at lewer field ‘(9.67 J‘ ) which
was due to the isolated proton 59, two doublots at 8;45'and 7.99;
for H.' and H, (J6,7 = 6.1 Hz). The singlet at highor field (7.27J‘ ),
being overlapped with a broad band centered at 7.33 J for the amino
group in the 5- position on the bengencid ring, was assisned to H4.
Another broad band at 5.01 g bolonge;l to the amino group in the 2-
position of the thiazole ring. After exchénge with deuteriun oxide,
two broad bands were missing from this region, thus, confirming that

the bands at T7.33 and 5.01 J‘ originated from the amino protons.

Diasotization éf 2,5—dianinothiazolo(§,4-h)isoqnino-
line (XV1l) followed by treatment with cuprous chloride failed to
give 2,5-dichlorothiazolo(5,4~h)isoquinoline. The explanation for
the failure originates from the faot that the yields of the Sandmeyer
reaction are-generally not high. Moreover, & double diagotization
in the same molecule would encounter iacreased diffioulty, especial-
ly since these two amino groups are located each on separate rings,
bengenoid and thiagole respectively, which would in effect fender
them.of different reactivity. Perhaps these obatacles are the cause

of the failure in the reaction. Thiazolo(5,4-h)isoquinoline (V111)
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could not be obtained bzcause of the unsuccessful prepsration of

2,5—dichlorothiazolo(5,4—h)isoquinoline.
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SYNTHESIS OF THIAZOLO(5,4—f)ISOQUINOLINE (1V)

The important intermediate in this syuthesis was
6~amino-5~thiocyanocisoguinoline (LX) which was obtained by thio-
cyanation of 6-aminoisoquinoline (L1X). IX was cyclized to 2=
aminothiazolo(5,4~f)isoquinoline (X1V). When the latter was dia-
zotized and then treated with cuprous chloride, 2-chlorothiazolo-~
(5,4-f)isoquinoline (X111) was formed. Reduction of 2-chlorothia-
zolo(5,4~f)isoquinoline with hydriodic acid and red phosphorus

gave thiazolo(5,4~f)isoquinoline (1V).

(1) Preparaticn of 6-Aminoisoguinoline. (L1X)

6-Aminoisoquinoline (L1X) was prepared in a series
of eight steps starting from m-hydroxybenzaldehyde (XXX11l) as out=-
lined in Chart 9. meHydroxybenzaldehyde (XXX11l) was converted °

into m-methoxybenzaldehyde (L11l) by alternate addition of dimethyl

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

(19) reported that m-methoxy-&d -nitrostyrene (L1V) was formed when
m-methoxybenzaldenyde (L111) was refluxed with nitromethane and

ammonium acetate in acetic acid, We found that the yield of m-

methoxy— L) -nitrostyrene (11V) was raised from 51% to 79% when
the reaction of nitromethane with m-methoxybenzaldehyde (L111) was

carried out in the presence of ethanolic alkali., Reduction of m=-

methoxy— O -nitrostyrene (L1V) with lithium aluminum hydride (28)

gave @ =3-methoxyphenethylamine (LV), Condensation of (D-3-methoxy-

phenethylamine (LV) with formaldehyde znd then the cyclization of the azo-
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methine in 20% hydrochloric acid led to the formation of 6-metho-
xy-1,2,3,4=tetrahydroisoquinoline (Lvi) (30). Despite the report

of Robinson (5) on the successful dehydrogenation of the tetra-
hydro compound with Raney Nickel in naphthalene, severzal attempts to
repeat this procedure were unsuccessful. OITsborn (19) also experi-
enced similar difficulty. Dehydrogenation of 6-methoxy-1,2,3,4=~tetra~
pydroisoquinoline (LV1) was carried out successfully with 10%
palladium charcoal in decalin %o obtain 6-methoxyisoquinoline (Lvii),
which on refluxing in 48% hydrobromic acid yielded 6-hydroxyisoquinoline
(tv111) (15). The preparation of 6-aminoisogquinoline (11x)
consisted of treating 6-hydroxyisoquinoline (LV11l) with a solution

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

(2) Preparation of Thiazolo (5,4~f)isoquinoline . (V)

Thiocyanation of 6-aminoisoguinoline (11X) un-
der standard conditions gave 6—amino-5-thiocyanoisoquinoline (x).
The infrared and nmr spectra confirmed the structure. The infrared spec-—
trum of 6-amino-5-thiocyanoisoquinoline (LX) showed strong absorption
at 2148 om~t for the thiocyano group and bands at 3382, 3316 and 3162
cm"'1 for the primary amino group. In +he nmr spectirum, the singlet
at 9.23 b was attributed to El and two doublets centered at 8.53 and

3 4
at T.47 and 8.16 & were assigned to H7 and Hy (J7,8=9’O Hz)., The

8.,26 & to H, and H (J3 4=6.O Hz). In addition, another two doublets
. ’

lone singlet excluded the possibility that the thiocyano group could

be in the 7- position, that is, G—amino—7-thiocyanoisoquinoline
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would show thres singlets in the nmr spectrum.

It is significant that 6-amino-5-thiocyanoisoquino-
line (LX) was the only product in the thiocyanation of 6-aminoiso-
quinoline (L1X), whereas both 7-amino-8~thiocyanoisoguinoline
(XXXV11) " and 2-aminothiazolo(4,5-h)isoquinoline (X) were found in
the thiocyanation of T-aminoisoquinoline (XXXvV1). 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 with the ring nitrogen, in accordance ﬁith the
spectroscopic studies of Short (19). The effect has also been used
to explain the thiocyanation of 4-aminoisoquinoline leading to the
formation of 4-amino=3-thiocyanocisoquinoline and 2—aminothiazolo(5,4—c)-
isoguinoline, while in the J-aminoisoquinoline case, only 3-amino-
4~thiocyanoisoquinoline was found by the thiocyanation of 3-amino-—

isoguinoline.

The infrared spectrum of 2—aminothiazolo(4,5-f)isoquino—
line (X1V) no longer showed the thiocyano absorption at 2148 —
tut there were two broad bands at 3305 and 3110 c=m'_1 for the primary
amino group. The nmr spectrum showed a singlet at 9.30 $ for
He and two doublets centered at 8.53 and 7.66 § were assigned to
H8 and H9 respectively (J8 0—5 9 Hz). Another two“doublets cen-
tered at 8,03 and 7.74 & for H, and Hg (.74 5=9+1 Az) were

found to overlap with a broad band centered at 7.66 § with a re--
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lative intensity equivalent to two protons due to the primary

amino group protons,.

2 —Aminothiazolo(5,4~f)isoquinoline (XIV) was con-
verted in 38% yield to 2-chlorothiazolo(5,4-f)isoquinoline (x111)
through the Sandmsyer reaction. The infrared spectrum of the latter
compoun& did not show any 5ands in the region 3400-3100 cm—l, indi-
cating that the primary amino group had been replaced by the chlo-
rine atom. The nmr spectrum showed two doublets centered at 8.65
and T.73 & for HB and H9 respectively, and another two doublets at
7.74 and 8,12 § for HZ and Hs (J4’5= 6.0 Hz). The remainiﬁg sin-

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

(Hg).

Reduction of 2-chlorothiazolo(5,4~f)isoquinoline
(X111) with red phosphorus in hydriodic acid gave thiazolo(5y4~f)-
isoquinoline (1V) in 55% yield. The nmr spectrum showed two sin-
glets at lower field (9.38 and 9.19 IS ) for H6 and Hé respectively.
Two doublets at 8.65 and T.82 & were assigned to Hé and H9
(J8,9=9’0 Hz) respectively and another two doublets at 8,12 and
7.74 & were due to Hﬁ and H5 (J4,5=6.0 Hz). The complete syn-
thesis of thiazolo(5,4-f)isoquinoline (1V) is outlined in Chart

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

(5,4-£)ISOQUINOLINES

The infrared spectra of isoquinolines,thiazolo(4,5—h)—
and thiazolo(5,4—f)isoquinolines as well as their derivatives were
studied in the region 4000-400 cn~l. The main regions of the spectra

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

types of vibration they represent.

The 3600-2900 om ™t region

a) CH = stretching vidbration :

Multiple weak bands occur in the region 3100-3000 o™

for aromatic C-H vibrations, both in the heterocyclic compounds and
benzenoid hydrocarbons. In addition, many heterocyclic compounds

also show relatively weaker zbsorptions in the region 3000-2900 cm—l.
Luther et al. (32) found that isoquinoline shows five bands in the
region 3060-3010 cm-l as well as bands at 2970 and 2940 cm-l, due to
C-H vibrations. Various substituted isoquinolines show one to four
weaker bands in the region. TFor some amino-isoguinolines, the C-H
stretching absorption is masked by that of N-H absorptions. How-
ever, bands at 3060 snd 3040 cm_1 have been assigned 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

-1 . . . . .
2930 (w) cm . Various substituted thiazolo(4,5-h)isoquinolines
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exhibit two to four relat:lvoly weak 'baads in this rogion. The un=
substituted thiamlo(5,4-f)isominolino possesses bands at 3090 (m),

3038 (w), 2954 (w) et 2918 (w) ™ , while various substituted thia-

3010(5,4-f)1soquinolines alse show two to four bands in this region.

In the speotra of 1soquinolines and thiasoloisoqu:lno- -
lines, substituents affect thoae vibration absorptions, ut ne cer—
relations bave been made bstwesn the nature of the substituent and the

positien and the intensity of the C-H stretching vibtrations.

b) N-H stretching vibration :
In aromatic and heterocyclic compounds, primary amines
shew two med:lun absorption bands in the region 3500-3200 ca | dno
to the asymmetric and symmetric stretching vibrations ef the prima-
ry amine group. For the aminoisoquinolines, e.g. 5-eminoisoquino-
-1

line, there are two bands at 3410 and 3272 em = due to the asymme-

tric and symmetric stretching vibrations, respectively. In some ca-
ses, a third medium dband due to intermolecular hydrogen bonding appears
in this region. In the amino-thiazoloisoquinolines, iwo broad bands
for the primary amino group (asymmetric and symetric vibratiens)
appeared at lewer frequencies (in the region 3300-3100 om"l).

1

The 1700-1350 cm™ region

a) C= C and C= N vibrationss

Charactpristié aromatic ring stretching absorptions re-
sulting from C= C and C= N skeletal vibrations appear in the region

between 1650-~1350 cm in most heterocyclic compounds.
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Isoquinoline shows eight bands in the region 3t 1628, 1590, 1560,
1502, 1462, 1436 and 1386 cm~l, In addition to those bands, subs—
tituted isoquinolines with the groups ~CONH—, JEHé, and éNOz dis=~
play seven to nine bands appearing in ‘the range 1630-1600, 1590~
1570, 1560-1540, 1510-1490, 1480-1440, 1420-1400 and 1380-1350 omt,

The intensity of the first two bands is greatly enhanced in isogquino-

lines substituted by a conjugated substituent such as the nitro

group.

Bassignana (33) has found that benzothiazole has bands
around 1630, 1530, 1450 and 1358 cm-l in this region. These bands
are due to C=N and C=C stretching vibrations. In the spectra of
tbiazolo(A,5—h)isoquinolines, there are seven to eight bands ori-
ginating from C=I and C=C vibrations in this region and they occur
usually at 1610-1590 (m), 1580-1540 (m), 1540-1510 (m), 1510-1490
(s), 1460-1440 (m), 143C-1410 (s), 1390-1370 (m) and 1360-1345 (m) e,
Unsubstituted thiazolo(4,5-h)isoquinoline exhibits bands at 1604, 1578,
1528, 1495, 1452, 1437, 1409, 1383 and 1347 em”b.  Similarly, tpia-
z0lo(5,4~f)isoquinoline shows eight ©o nine wanir due to C=N and
0=C vibrations in the range 1620-1550 (m), 1570-550 (m), 1550-1520 (m),
1500-1485 (s), 1475-1445 (m), 1440-1410 (), 1400-1380 (m) and 1360-
1345 (s) cm_l. Unsubstituted thiazolo(5,4~f)isoquinoline displays bands

at 1615, 1602, 1565, 1486, 1460, 1428, 1390 and 1350 cm™L,

1

(b) Other substituent absorptions hetween 1700-1300 cm_ s

In this region, the primary amino group shows its defor-

mation vibration in the rangs 1660-1620 omnl in both thiazoloisoqui-
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gidld.noa and isoquinolines. 5-Aminoisogquinoline and 2-aminothiazole

(4,5-h)isoquinoline show their deformation vibrations of the primary

=l respectively. Aromatic and hetero-

cyclic nitro compounds have bands at 1560-1515 and 1385-1345 cn"l

amino group at 1635 and 1650 om

assigned tc the absorption ef the nitro grouy. The acetamido group

in the isoguinolines shows its band at 1680 am™! due to the carbonyl

absorption. This is in agfeement with the fact that the carbonyl stretch-
ing vibration of the secondary amide group appears in the regiom

1680-1630 om™ L.

-1

The 1 0 om ion

Heterocyclic compounds show a series of characteristic
bands in the 1250-1000 cm"1 region which may be assignsd to Z=-jlene
C-H deformation and ring breathing mode. The positien and the number
of C-H in-plane deformation mode depend on the orientation and the

number of the isolated ring hydregen atoms (56).

Unsubstituted thiazole(4,5-h)isoquinoline has bands at
1300, 1290, 1252, 1217, 1200, 1162, 1040 and 962 ca~’. Unsubstituted
thiazolo(5,4-f)isoquinoline shows bands at 1300, 1285, 1268, 1200,
1168, 1120, 1040, 1010 and 980 cn"l. Substituents do not influence

the position of these bands greatly in the spectra of thiazoloiso-

quinolines,
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Isoquinoline was reported to have bands at 1278, 1257,
1219, 1139, 1120, 1036 =2nd 1014 i~ (32). Substituted isoguinolines
show similar pstterns in this region, especially for those having the

substituents at the same position,

The 900-650 cm’1 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 highly character-—

istic of the substitution type because their number and position depend

upon the number of adjacent ring hydrogens. A= the number of adjacent

ring hydrogens is reduced, the absorption frequency of the out-of-
plane C-H vibration usgally shifts to higher frequencies. The absorp-
tion in the TT70-730 cm_l range was assigned to the out—of-plane bend-
ing vibration in mono-substituted aromatic compounds, while the C-H

absorption of one isolated hydrogen atom appeared in the region

900-860 om™t (42).

Isoquinoline shows 3 very strong band at T4l crn-1

which may be associated with four adjacent ring hydrogen atoms
HS—B)' The band at 824 cm~l which could originate from two adja—

cent hydrogen atoms (H3, H4) and the absorption at 858 cm_l, could

be due to the isolated ring hydrogen atom (Hl)' for the isoguinoli-

nes substituted st 5- position, the strong bands are located in the 810-

T80 cm_1 region with a weaker band in the region 710-670 cm—l and they are
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assigned to three adjacent hydrogen atoms (H6, H7, HB)' Two bands in
the region 840-810 and 890-860 emL could originate from two (H,, H4)
and one (Hl) ring hydrogen atoms respectively. Thus 5=-nitroisoguino-
line shows bands at 875, 836, 315, 795, 758, 731 and 674 cm_l; The 6-—
and 7-hydroxy or amino-isoquinolines show at least three bands in the
region. Two 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
in the 900-860 cm—1 region is due to the isolated hydrogen atom. Thus T-
aminoisoquinoline shows bands at 830, 840 and 896 cm-l. For the 5,8-
disubstituted isoquinolines, the spectra are similar to those of isoquino-

lines mono-substituied at 6— position.

Thiazolo(4,5-h)- and thiazolo(5,4-f)isoquinolines and their
derivatives show two to five bands in this region. Ths only prominent
band the position ofiwhich remains constant throughout is the strong band
in the range of 840-810 c:m_1 which is due to the out—of-plane deformation
for two adjacent hydrogen atoms on both benzenoid and pyridine rings.
Most of the thiazoloisoquinolines show a medium band at 890~-860 cm_1 re-
sulting from the isolated hydrogen atom. While thiazolo(4,5-h)isoquino-
line displays three bands at 860, 838 and 824 cm—l, thiazolo(5,4~f)iso=

quinoline shows three bands at 859, 828 and g1l1 cm_l.

The 650-400 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 bands appear to be associated 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 aromztic compound nearest to isoguinoline studied in
this region is 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-
plane ring deformation and the band at 475 cm_1 to out-of-plane ring

deformation.

Iéoquinoline shows bands at 637, 520 and 506 c:m_l in this
region. These bands could be analogous to those of naphthalene and
the band at 637 c.zmm1 could be tentatively assigned to in-plane de-
formation and the bands at 520 and 506 em™ 4o out—of-plane defor-—
mation. Substituted isoguinolines =lsc display three to seven bands
in this region and bands constantly occur at 640-620, 550-525 and
515-490 cm_l. In addition, a strong band between 570-535 cm—1 is
observed in all 5- and 8- substituted isoquinolines which happen to
be in the same rsgion as the band arising by the out-of-plane defor-
maticn vibration in 1,2,3~trisubstituted benzenes. The frequency po-
siticn of the out—of-plane ring deformation for meno-substituted

2)

benzenes aprnear to be dependent upon the nature of the substituent (6

However, no definite correlations could be made in the isoquincline

n

eries.

The spesctra of thiazolo(4,5-h)isoquinolines exhibit three




- 47 -

to six bands in this region. Two bands, the positionsof which re-

mains constant throughout, appear in the range 590-540 and 485-450

mn_l. The former could be due to ring hydrogens (H6’H7’ and H9 in

thiazolo(4,5-h)isoquinoline) similar to the out-of-plane ring defor-—

mation in 1,2,4—trisubstituted benzenes; while the latter may be

associated with two protons on the benzenocid ring (H4 and H5)

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

4-tetrasubstituted benzenes. In the spectra of thiazoloisoquino-

lines with strong electron-donating substituents such as the amino

group, both bsnds appear at higher freguencies. Unsubstituted

thiazolo(4,5-h)isoquinoline has bands at 571, 525, 505 and 473 cm_l.

The similsrities in the pattern and position of the bands appear

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

1

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

Other characteristic absorptions :

The orgsnic thiocyanates show their characteri-

stic C=N stretching frequency in the region 2175-2130 cm_l. In

the isoquinoline s=zries, amino-thiocyanoisoguinolines zslways show

their strong absorptions betwzen 2150-2140 cm-l;

The S5-I stretching vibration generally appears as

a weak band in the region 2650-2550 cm—1 (70). However in the amino-

mercaptoisoquinolines, it is difficult to detect any band in this region.



Figure 1

Infrared Spectrum of Thiazolo(4,5-h)-

isoquinoline (V11) in a XBr disc
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Figure 2

Infrared Spectrum of Thiazolo(5,4~f)-

isoquinoline (1V) in a KBr disc
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Figure 3

Infrared Spectrum of 6-Amino-5-thiocyano-

isoquinoline (LX) in a KRr disc
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Figure 4

Infrared Spectrum of 2-Aminothiazolo=—

(5,4-f)isoquinoline (X) in s KBr disc
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Figure 5
Infrared Spectrum of 2,5-Diaminothiazolo-

(5,4-h)isoquinoline (XV1l) in a KBr disc
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ULTRAVIOLET SPECTRAL ABSORPTIONS OF ISOSUINCLINES, THIAZOLO(4,5-h)~

AND THIAZOLO(5,4=f)ISOGUINOLINES

Aromatic hydrocarbons show three main types of ebsorption
bands which are designated as ol—-, p- and [ -bands by Clar (63).
When a =CH group in aromatic hydrocarbon is replaced by = N,
there is little change in the spectrum (37). The ultraviolet spec-—

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

’

200 m . The ol-bands ( v102—103 related to L, bands in
Y max b

Platt's classification (53) ) are weak and they occur at the lon-
gest wavelengths., In some cases, they show a complicated Vibrztio-
nzl structure with fine splitting. The p-bends ( & nax ™ 104, re—
lated to La bands in Platt's classification) are of moderste inten-—
< . > R : s
sity. The 3 -bznds (Cmax-»lo , related to B, or B, bsnds in Platt's

claszification) are of strong intensity and they appear at lowest

wasvelengths.

In the spectrum of isoguinoline, the observed red shift
of the ol -band is dus to ths prassence of thz nitrogen atom which
creates an effect similar to ths ﬁ ~substitution in naphthalens (19).
The ol -and ﬁ—bands of naphthalene and other reslated cempecunds are
assigned to longitudinally (x) polarized electronic transitions, while
the p— bands are due to transversely (y) polarized electronic tran-—
sition., & substituent at C-2 (or C-3) in naphthalene gives a grea-—
ter polarization along the x- axis thus causing pronounced bathochro-

nic displacement of the o — and p- bands .
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On the other hand, a substituent at C-1 (or C-4), yields a grea-
ter polarization along the y- axis, rendering a large red shift

of ths p-band.

Y (+)
X (=)
-b

(+) (+) (+)
Osborn et 21, (19) reported that T-aminoisoguinocline,
in which the substituent position is corresponding to C-3 -in naphtha-
lene,produces a considersble bathochromic shift in the A~ and p-

bands, but only a slight change in the p- band. It indicates that

the bathochromic shift of the od - and P— bands is due to the elec-—

tronic transition occuring along the x - axis. A halogen substituent,

such as bromine in the 5- position produces a greater red shift in
the p- band than those of ol- and B-bands, indicating that the p—
band should be attributed to slectronic tramsitions 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

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

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

acatamido group a8t 5- position causes only slight changes in all the

three main bands.

The ultraviolet spectra of di-substituted isoquinolines,
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mainly at 5- and 8- positions, agree with the previous corrslations.
In the amino-thiocyanoisoguinolines, the amino group still exerts

a great influence upon ihe spectra. The presence of the thiocyano
group produces a large red shift in the ol - band when placed in the
5~ and 8- positions, but a slight change was found for the p-— band.
For example, 5-amino=8-thiocyanoisoguinoline (XLll) shows absorption
bands at 214, 252 and 390 miL relative to that of S5-aminoisoquinoli-
ne (XL) at 208, 244 and 335 qyu,further, and an increase in intensi-
4y is noticed with the o - band. The ultraviclet spectra of amino-

mercaptoisoquinolines resemble those of aminoisoguinolines.

A significant feature of the absorption spectra of thia-

zoloisoquinolines is that the three corresponding bands ( L~y p~ and

ﬂ-—bands ) are similar to those of phenanthrenes. These bands are
due to the 7(-’[’ transitions and are in agreement with the classi-
fication for the aromatic and six-membered heteroaromatic systems. It
hazs 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 replscement of a -CH= CH- group by
-S- (35). The wavelength ordsr of those bands is ¢(>p>P « The

band positions are influenced by substitution effects.

The annelation effects also play an important role pn
these compounds. In general, linear zand angular annelations of the

aromatic hydrocarbons znd their aza- analogs result in the batho-
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chromic shift of the threz absorption bands. Similsrly, the
benzoderivatives of the five membered heteroaromatic compounds show

z1so0 & marked red shift of the entire spsctra. The fusion of a thia-—

zole ring to benzene, naphthalene or guinoline displaced =11 three

bands of the parent compounds to longer wavelengths (9,44,54).

There is a remsrkable difference between the spectra of
angular and linear annalations (63). The p-— bands shift strong-

1y to longer wavelength with linear annelation, but =ngulzr annela=—

tion produces only small shifts, The p-bands move moderately to

longer wavelengths with both angular and linear annelations, however
the linear =nnelation has only one nerrow ﬁ-&mnd which is broader
in the angular annelation and is split into two or more bands in

mzny cases. The ol ~bands dissppear under the p— bands in botn typses
and then emerge betwesn ths p-

and F-bands in the linear ann=lation

in the polyaromatic hydrocarbons,

The fusion of the thiazols ring to isoguincline shows a
similsr displacement towards longer wavelength. Thiazolo(4,5—h)-
jsoquinoline has its main absorption bends at 254, 288 and 355 mpm
and shows a bathochromic displacement of all the three bands rela-—
tive to thoze of the isoquinolins bands at 217, 266 and 317 mp .
Attempts were made to study the effects of the substituent in the
2-position in the thiazolo(4,5-h)isoquinoline with regard to the posi-
tion of these bands. It was found that an electron—donatiﬁg substi-

tuent such as the amino or acetamido group showsa larger bathochromicCe
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shift of the ol- band than that of the p— btand. Chloro-subtituent

howsver, causes 2 smzll red shift of the p- band and little change

was found in the - and ’B— bands. This tends to suggest that

the conjugation effect of the chloro-substituent predominates over

the inductive effect.

The ultraviolet spsctra of thiazolo(5,4—f)150quinolines .
showed marked! - similaritises to those of thiazolo(4,5—h)isoquinolines
except that three absorption bands of the former occurred at longer ’

wavelength than the corresponding bands of the latter.
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TABLE ' 1

ULTRAVIOLET ABSORPTICN MAXIMA AND THEIR CORRESFONDING LOGE& VALUES

OF LONO-SURSTITUTED ISORUINOLINES IN ABSOLUTE ETHANOL

COMPOUND od~-band p—-band p~vand
mpm logl mp logé mu  logf
5=-AKINO 335 3.64 244 4,04 208 4.26
(xv)
5—ACETAMIDO 320 3.86 268 4.27 220 4,62
(L) 290-  3.90
294
5-BROLO 312 3.70 276 3.86 220 4.76
(XL1v) 325 3.76 286 3.82
5-NITRO 330 3.72 230~ 4.02 214 4.49
(XXX1X) 232
6—-ANINO 335— 3.56 296~ 3.91 242 4.54
(L1X%) 340 298
308 3.95
6-HYDROXY 320 3.25 286 3.66 230 4.69
(Lviil)
7-AMINO 360 3.42 280 3.97 236 4.50
(XXXV1) 214 4.16
8-AXINO 360 3.93 242 4.39 212 4,63
(XLv1)
T-HYDROXY 335~ 3.35 258- 3.48 224 4.45
(X%XV) 340 260
266~ 3.49

268
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TABLE 11

ULTRAVIOLET ABSORPTION MAXINA AND TEEZIR CORRESPONDING LOGE VALUES

OF DI-SUBSTITUTED ISOGUINOLINES IN AB30OLUTE STHANOL

COMPOUND o -band p~ band : - band
e log€ mp logl A logl&
5-AMINO-8-THIOCYANO 345 3.95 252  4.16 214 4.41
(XL11) 390 3.99
8-ANINO-5-THIOCYANO 330 3.74 252  4.11 214 4.41
(XLV11l) 370 388
6-ANINO-5-THIOCYANO 340 3.55 292  3.80 248 4.58
(1X) 302 3.72 204  3.84
8-ANINO~5-MERCAPTO 335 3.98 244  4.40 214-  4.41
(XL1X) 216
5-ANINO-8-MERCAPTO 340 3.82 254  4.06 214 4,31
(XL11)
5~BROMO-8-NITRO 330 3.80 296  3.78 220 4.40
(XLV)
5—AC%TA%IDO—84NITRO 350 3.93 230  4.32 212 4,27
L1

)
b
co

5-ACETALIDO-8-AKINO 370 3.72 4,13 210 4.40

(L11)
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] TAELE 111

ULTRAVIOLET ABSORPTION MAXIMA AND THEIR CORRESPONDING LOG{ = VALUES
OF THIAZOLO(4,5-h)ISOQUINOLINE AND ITS DERIVA-
TIVES IN ABSOLUTE ETHANOL

COMPOUND ol ~band p-band ~band

n/u_ log ¢ n/u, log € n/u’ log ¢

UNSUBSTITUTED 318-  3.55 2718 3:71 227  4.24

(vi1) 320 288  3.69 254  4.58
335 3.55

® (1x) 320  3.47 292 254  4.50

2-AMINO 360 3.71 296  4.28 206 4.38

(x) 308 4.29 228  4.40

266  4.83

2-ACETAMIDO 335 3.74 300 4.26 206 4.45

(x11) 312 4.22 238  4.40

270 4.80

2-HYDROXY 350  3.65 274  4.26 216  4.40

(x1) 252  4.54
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TABLE 1V

ULTRAVIOLET ABSORPTION MAXIMA AND THEIR CORRESPONDING LOG¢  VALUES
OF THIAZOLO(S,4-£)ISOQUINOLINE AND ITS DEREVA-
TIVES IN ABSOLUTE ETHANOL

COMPOUND o« =band p-band -~band

n/u. log ¢ 7«. logse - n/u— loge

272- © 3.15 244 4.66

UNSUBTITUTED 320 3.60
(v) 335 3.60 274
306 3.45
2-CHLORO 320 3.55 278 3.76 250 4.59
(x111) - 306- 3.44
308
2-AMINO a¥ 318  3.87 266 4,68
(x1v) 206 4.02
s 2-ACETAMIDO 333 3.54 306  3.83 262  4.54
(xv1) 318 3.78 300 3.82 272 4.55
240  4.16
206 4.05
2-HYDROXY 317 4,02 272 4.17 252 4.73
(xv) 220- 4.24
221

+ a) No oL-band was found in the region 200-450 m :
The intense yellow color of the compound indicated
that the oL —band had shifter to the visible regiomn.




Figure 6

Ultrsviolet Spectrum of Thiazolo(4,5=h)-

isoquinoline (V11) in absoluts ethenol
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Figure

Ultraviolet Spectrum of Thiazolo(5,4-f)-

isoguinoline (1Y) 1in absolute ethanol
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Figurs 8

Ultraviolet Spectrum of 2,5—Diaminothiazolo—

(5,4—h)isoquinolins (XVil) in absolute ethanol
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Figure 9

Ultraviolat Spectra of 6-Amino-5-~thiocyano-

isoguinoline (IX) and 2-iminothiazolo(5,4~F)-

isoquinoline (XV1l) in sbsolute e£ﬁanol
__________ XV1l

1x




- F5 -

Figure 9

Ultraviolat Spectra of 6-Amino-5-thiocyano-
isoguinocline (LX) and 2-Aminothiazolo(5,4-f)-
isoquinoline (XV1l) in =bsolute ethanol

---------- V1l

X
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¥. M. R. SPECTRA OF ISORUINOLINES, THIAZOLO(4.5-h)~ and THIAZOLO-

(5,4-£)I305UINOLINGS

(a) ¥. k. R. Spsctra of Isoguinolines

A survey of the literature reveals that only a few nmr
spectra of substituted isoquinolines have been recorded (47, A%, 49,
55). The spectrum of isoquinoline (46) shows a singlet at lower field
(5.26 & ) assigned to Hj. Hy produces a doublet centered at 8.52 $,
forming a vart of an AB quartet from H3 and H4. The band from H3 is
expected at lower field because H3 is in proximity to N atom. All the
spectra of the substituted isoquinolines studied show the same pattern
for H1 and H3 (appearing as singlet and doublet respectively), only
the position of these bands is changed depending upon the nature of the
substituent. The coupling constant J3,4 in isocuinolines is 8roroX-
im2tely 6.0 IIz. Ir the spectrum of isoguinoline, four noneguivalent pro-
tons ~n the bsnzenold ring give 2a complicated pattzrn in +ths region 7.95-
7.2C $§ . The bands for H4 also f211 in +this region.

For the mono-substituted isoquinclines with the substi-
tusnts on the bonzenoid ring, three remaining benzencid protons form
an AEY ~r ARC =vstem., The nmr spsctrum o S-aminoisogquincline (LlX)
shows a tynic2l ABK pattern dus to HS’ H7 ana HE' Theoretically it can
have twelve lines since onch »f the original four AB lines zare split
into doublets and the X line is split into 3 gquartet. Also, thesre are
two additional lines from combination transition, usually too weak 10

be observed (50).
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In the spectrum of 6-aminoisoquinoline, the ABX pattern

is simplified as JAX is almost zero. The nature of splitting clearly

shows that the quartet centered at 7.1l § is due to H, (J5’7=2.4 Hz
and J7,8=9'O Ez). The A part of the ABX system (H5) corresponds to
the doublet centered at 6.83 § CI5’7=2.4 Hz). The assignment of the
remaining bands for the protons H4 and H8 is mad=z by noting that H4

is a part of an AB (H3 and H4) system and H8 is a part of an ABX
system. Thus, the doublet centered at T.79 § is attributed to H8
(J7,8=9‘O Az) and the doublet centered at 7.38 $ is due to H4

(7, ,=6.0 Hz) (51).

In the spectrum of S5—aminoisoquinoline (XL), three benzenoid
protons form an ABC system. A triplet at higher field (6.48 & ) is
assigned to the A part of the ABC system (H5)° The doublet centered
at 7.37 o with a relative intensity equivalent to two protons is due

to H, and H8. The analysis of the complicated ABC system is usually

T

carried out by computer methods utilizing an iterative technique for

calculation of the line positions and their intensities (50).

In the spectra cf many mono-substituted isoquinolines, the
doublets at higher field assigned to H4 are superimoosed on the
miltiplet of the aromatic protons on the tenzenoid ring. These produce
complex spectra which can only b2 vartially snelysed. Some inaccuracy

will result in chemical shift determination when 2ttempts are made to
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assign a band to H4 on the pyridine ring in partially resolved
spectra., It is therefore not possible to assign bands to all
protons of the benzenoid ring. Hence for the discussion of the
substituent effects, only the range covered by the benzense ring
protons will be shown., The resulting chemical shifts and spin=—

spin constants of the substituted isoquinolines are shown in Table

5 and 6.

As can be seen, the spectrum may appear.at the lower

(or the higher) field relative to the isoquinoline spectrum de-
pending upon the nature of the substituent. A general correlation
has been found that if an electron-withdrawing substituent such

as the nitro group is present, the whole spectrum occurs at the
lower field with respect to that of isoquinoline, On the other
hand, compounds with an electron—donating substituent such as an
amino group shifts to the higher field compared with isoquinoline,
Halogen substituent such as bromine has little effect on the proton
signals. It indicates that the inductive effect of the bromine is

compensated by the effect of conjugation.

S5—and 8- Disubstituted isoquinolines give simple spectra
in which two benzenoid protons form a typical AB quartet. In amino-
thiocyanoisoquinolines, the upfield shift of the band is observed.
The presence of an electron withdrawing substituent (e._g., thio=-

cyano group) in any of these compounds counteracts the up~field
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shift of the amino group. Hence, the corresponding chemical shift

of the observed bands is similar to that of isoquinoline.

A nitro ssubstituent at 8- position on the benzenoid ring
in di-substituted isoguinolines shifts the whole spectrum to the
lower field. The isolated proton at l=- position expeﬁences a
considerable downfield displacement due to the de-shielding effect
of the highly anisotropic nitro group. A similar effect of H&
in l-nitronaphthalene has been observed by Wells and Alscorn (52).
The band of Hg ocours at 8.36 s While H5 occurs at 8.18 .

The whole spectrum of a di-substituted isoquineline with
an acetamido grmip on benzenoid ring is shifted to the lower field.
The downfield shift may be rationalised as a result of the long range
de-shielding effect by the amide carbonyl group. This phenomenon has

a].ao_'been observed in most of the acetamido derivatives of aromatic and

beterocyclic compounds (45).

In the amino-mercaptoisoquinolines, 5-amino-8-mercapto-
isoquinoline (XL111) and S-amino-5-mercaptoisoquinoline (XL1X),
only a small change was observed in the corresponding chemical shift
relative to the aminoisoquinolines. The isolated proton at l- position
in XL1X shows the downfield displacement comparable to that of
XL1lll. This may arise from the de-shielding effect of the aniso-

tropic amino group. The difference of the shift in both compounds for
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Hl was found tc be 0.3 p. ©v. m.. Comparable values (0.5 . Do
m. ) for the difference of chemical shifts between 8-aminoisoquinoline

and 6-—amino— or T—aminoisoguinoline were also obtained.

(b) N. M. R. Spectra of Thiazolo(4,5-h)= and Thiazolo(5,4-f)iso-

guinolines

Thiazolo(4,5-h)isoquinoline has six aromatic protons. In
comparison to isoguinoline, the spectrum of the benzénoid ring of
thiazolo(4,5—h)isoquinoline ig simplified since two protons are re-
placed by the thiazole ring. The pattern of the spectrum of the
pyridine ring of thiazolo(4,5—h)isoquinoline is similar to that of
isoquincline. In the spectrum of thiazolo(4,5-h)isoquinoline in deuterio-
chloroform it shows that two doublets at 8.68 and 7.78 $ arec assigned
to H7 and H6 (corresponding to H3 and H4 in isoquincline nucleus)
respectively, and a singlet at lower field (9.40 § ) is assigned to

H (H1 in the is0quinoline). The coupling constant J6 T is 5.8 Hz.
9

9

4 downfield displacement was observed for the bands of H7 and H9 as

compared to the positions of the correspcuding protons of isoguincline.

In additicn to the singlet 2% 5.4C § assigned to H9,
another singlet at 9.14 & is atiributed to H2. Such an assigrment
to 39 is in agresment with the nmr snectra of wmost of the thiazolo=-
(4,5—h)isoquinolinesin which the singlet at lower field shows a fine

structure due to ccupling. In tikis instoncs, H9 couple= "tith both H6 and

q Ld
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paration of the proton in the thiazole ring =nd the protons of the
benzene ring. The comparison of the nmr spectra of thiazolo(4,5—h)—
and thiazolo(5,4—f)isoquinolines also supports this assignment. The
chemical shift between H, and Hé iz 0.26 p. P. m. for thiaszolo-
(5,4~f)iscguinoline, while thiazolo(4,5-h)isoquinoline shows 3 shift
of 0.35 p. p. m.. The difference in these chemiczl chift is pro-

bably due to the ring current effect causing Hé of thiazolo(4,5—h)—

isoquinoline to be shifted downfield by both the benzene and thiazole

rings.

The two remaining zromatic protons in the thiazolo(4,5-h)—
isoquinoline also exhibit a typicel AB pattern of two doublets cen-
tered at 8.33 and 7.82 & (J4’5=9.O Ez). The magnitude of the coupling
constant is in accordance with the orthe coupling occurring between

H, and H. observed in the nmr spectrum of 2, 7-dimethylthiazolo(5,4~f)-

4 5

quinoline (44), Howcver, the assignment for both H4 and H5 is not

possible in the present work.

The nmr spectrum of thiazolo(5,4-f)isogquincline is analogous
to that of thiazolo(4,5—h)isoquinoline. Two singlets at 9.38 and

9.10 § are assignsd to H6 and HE, respectively. The doublats assigned

for H8 and H9
arsear 2t £.68 znd 7.68 & respectively. In addition, annther two

doublets centered at 8.12 and 7.74 & are assigned to E, and I
4

(7, 5=6.o Hz). 3imilarly, it is not possible to differentiate
-9
2

petween H, and H5. The nmr sp2ctra of the derivatives of thiazolo-

4



-T2 -

(4,5-h)- and thiazolo(5,4~f)isoquinolines, the coupling constants

and Jg 9 in the thiagolo(5,4~f)isoquinoline
92

J and J J
445 6,7 ( 4,5
seriés) remain essentially unchanged.

Attempts were made to study ths substituent effect on

the chemicsal shifts on the ring protons in both thiazolo(4,5-h)- and

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

electron—donating substituent, such 3s the amino group in the thizzolo~-

isoquinolines, shifts the spectrum to higher field with respect to

thiazolo(4,5—h)isoquinoline itself. Due to the de-shielding effect

by the amide carbonyl group, the spectra of acetamidothiazoloiso-

guinclines show a downfield shift of the proton bands. Halogen

substituent, such as chlorins, shows littles effect compared with the

unsubstituted thiazoloisoguinolines,

It should be pointed out however, that solvent and

temperature msy exert some influence on chemical shift. Normally,

little change in chemical shift will be expected for the spectra
obtzined =t different tempsratures and in different solvents, such
as chloroform z=nd dimethyl sulfoxide. The l=zrgs solvent effects are

caused by the formation of W —complexs with acetone, =cetonitrils,

pyridine and dimethylformamide (23) .
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5=4CETALIDO-G-NITRO
(11) a

5—4CETALIDO-B-AKINO
(111) a

5-BROMO-8-NITRO
(XLv) a

5-ALINO-8-MERCAPTO
(x1111) a

8-ALINO=5~LERCAPTO
(xL1x) »

5—ANINO-8-THI OCYANO
(XL11) a

NMR SPACTRA OF DI-SUBSTITUTED ISOSUINOLINES

Chemical Shifts

H

O

.30

9.53

9.33

9.57

9.64

TABLE

v

g.60

8.43

8.37

8.66

(8
=

8.30

7.61

7.88

8.02

7.78

8.19

H6 HT

8.42 +08.48

7.44 6,72

8.0 108,15

6,71 T.31
T7.37 6.66
6.97 1.87

B

Other

' 3.25(CH3)

3.10(CH3)
6.08(NH3)

pd

6.57(NH, )

6.88 (NH.Z)

6.0

6.0

w»
v

5.8

8.7

8.6

8.7

-{L.—



TABLE V (cont. )

COPOUND Chemical Shifts (&)
H H, B He Hy
6=AMINO-5-THIOCYAEO 9.23  8.53  8.26 T.47
(LX) v
8-ALINO=5-THIOCTANO 9.64 8,65  7.95  T1.29  6.65

(XLV11l) a

(a) 1In DS0-d, solution (v)

In acetic acid—d4 solution

H

8.16

J (Hz)
Other J3’4 36,7
6.0 9.0

7.10(NHé) 6.0

9.0

—-VL_



WMR SPECTRA OF MONO-SUBSTITUTED ISOQUINCLINES

COMPQUND

UNSUBSTITUTED  9.22

(XXXVIII) a
S-AIINO 9,18
(xL) =
6=-AKINO 8.94
(L1x) b
T=AVTINO 9,00
(XZxvI) v
8-ALINO 9.53
(XLvi) v
5-NITRO 9.48

(XXxIX) B

8.52

8.47

8.24

8.20

8.37

8.73

T.57

TABLE VI

Chemical 3hifts

He

(7.23

(6.80

(6.67

(7.70

(§)
Hy Hy :
~7.90)
~1.46)
(6.77 -7.90)

(7000 _7080)

“7065) d

=8,71)

Other

4.37(NH,)

5.98(VE,)

4.10(1:52)

6.05(WiL,)

6.0

6.0

6.0

(oA
.
o

6.0

- gL -



TABLE V1 (cont. )

COMPOUND Chsmical Snifts (&) J  (Hz)
H H, H, He H, Hy Hy Other 3.4

5-ACETAYIDO 9.30 8.54 ¢ (7.45 -8.20) 2.22(CH3) 6.0
(L) v

5-BROKO 9.24 8.66 ¢ (7.25 -8,10) 6.0
(XL1V) =

6-HYDROKY 9.22  8.45 T7.65 (7.30 -8.17) 9.18(0H) 6.0
(Lvi11) v

T-HYDROKY 9,16 8.35 ¢ d (7.34-7.98) 7.75(0H) 5.9
(XXxv) b

(a) 1In CDCl, solution (b) 1In DESO-d solution (c) H4 absorbs in the same region as
Hgs Bo H8(or H5)

(a) H5 or H8 absorb in the same rogion as H6 and H7

_9L—



TABLE VII

NMR SPECTRA OF THIAZOLO{4,5-h)ISOQUINOLINE AND ITS DERIVATIVES

COMPOUND Chemical Shifts ()
5 Hy B Hy :8 H, Other
UNSUBSTITUTED 7.82 8.33 7.78 8.62 9.40 9.14
(VII) a or8.33 or7.82
2-CHLORO 7.84 8.04 T.59 8.67 9.32
(IX) a or8.04 or7.84
2-AYINO 7.84 8,04 4 8.47  9.26 3.39(VH,)
x) b
2-ACETAXIDO 8,22  8.43 8,21 8.91 9.79 2.61(033)
(XII) ©b,c, or8.43 or8.22

2 HYDROXY 750 8.24  T1.59  8.53 9.32
(X1) v or8.24 or7.51

J (Hz)
4,5 6,7
5.9 2.0
5.9 9,0
5,8
5.8 9,0
5.8 8.9

-LL..



TABLE V11 (cont. )

(s) 1In CDC1l, solution (b) 1In DIiSO-d¢ solution (¢) At high temperature

3
(d) Hg absorbts in the same region as H, and H5

(160°)

"'QL"'



TABLE V111

NVR SPECTRA OF THIAZOLO(S5,4-f)ISOQUINOLINE AND ITS DERIVATIVES

Is
9
8
2010
6 5
CONPOUND : Chemical Shifts (§)
H4 n5 H6 H8
UNSUESTITUTED 7.74 8.12 9.38 8.65
(V) a or3,12 or7.T4
2-CHLORO 7.74 8.12 9.30 8.65
(X111) = or8,12 T.74
2-ALIKO 7.80  +08.15 2.30 8.53
(X1v) b
2-ACETAIIDO 8.20 t08.35 9.56 8.82
(Xv1) b
2-HYDROXY 7.58 7.90 9.12 8.49
(xv) b or7.90 7.58

(a) 1In 0DC1, solution (b) 1In DiS0-d, solution

(a) NH, absorbs in the same region as H4 and H5

4
8 | H, Other
7.82 9.19
T.73
7.66 d (NH,)
8.12 2.51(CH3)
7.93

(¢) &4t high temperature (160°)

J (Hz)
Ia,5 96,7
6.0 9.0
6.0 8.7
5.9
5.8
5.8 9.0

—6L.—
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Figure 10

¥MR Spectrum of Thiazolo(4,5-h)isoquinoline

(Vil) in CDC1,
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Figure 11

NMR Sp2ctrum of Thiazolo(5,4-f)isoquinoline

(V) in CDC1,
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Figure 12

NLR Spectrum of 6-Amino-5-thiocysno-

isoquinoline (IX) in CDBCOOD
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Figure 13

NMR Spectrum of 2-Aminothiazolo(5,4-f)-

isoquinoline (XV11) in TkiS0-dg
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Figure 14
NMR Spectra of 2,5-Diaminothiazclo(5,4~h)-

isoquinoline (XV11) in DESO-d

a) Before sxchangs with D,0

b) After exchange with DQO
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EXPERIMENTAL

Melting points were determined on a Gallenkamp melting

point apparatus and are corrscted.

Infrared spectra wers recorded on a Perkin-Elmer model 521
and a model 337 spectrophotometer. Unless otherwise indicated the
measurements of the spectra of solid compounds were made on potas=—
sium bromide pellets and of liquids between two sodium chleride pla=
tes. Ultraviolet spectra were measured on a Perkin~Elmer model 350

spectrophotometer using absolute ethanol as the solvent.

Nuclear magnetic resonance specira were determined on a
Varian High Resolution Nuclear Magnetic Resonance Spectrometer,
model A-60. Solvents used were carbon tetrachloride, deuterio-
chloroform, dimethylsulfoxide—d6, acetic acid-—d4 and deuterium
oxide. Tetramethylsilane (TMS) and 3—(trimethylsilyl)l-propane=-

sulfonic acid sodium salt were used as an internal standard.

Elemental analyses were carried out by Dr. A. Bernhardt,

Germany and by Dr. C. Daessle, lMontreal.
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1, SYNTHESIS OF THIAZOLO =h )IS0 OLINE (V11

(a) Preparation of m-Hydroxybengylidene aminoacetal (XXX1V)
The procedure of Woodward and Doering (17) was fol-
lowed to prepare this compound from m-hydroxybenzaldehyde (XXX111).
A yield of 85% of m—hydroxybensylideme aminoacetal (XXX1V), m.p.

67-68.8°, was obtaineds 1lit. vaiun 67.2-67.8°(17).

(b) Preparation of T-Hydroxyisoguinoline (XXXV)

The procedure of Woodward and Doering (17) was also
followed in preparing 7-hydroxyisoquinoline (XXXV) from m-hydro-
xybensylidene aminoacetal (XXX1V). A yield of 60 of T-hydroxy-

isoquinoline was obtained, m.p. 229,5-231°; 1it. value 229-231°

an.

This compound was purified through ite sodium salt.
Twenty grams of the crude material was dissolved in 100 ml of wa-
ter containing 40 g of sodium hydroxide. The yellow plates which
separated from the cooled solution were recrystallized from concen-—
trated sodium hydroxide solution. On regeneration and recrystal-
ligation from ethanol, 16.5 g of 7—hydroxyisoqu1noiine was obtained.

(¢) Preparation of J—Aminoisoguinoline (XXXV1)

The procedure of Osborn et al. (19) was followed to
prepare this compound. A yield of 85% of T-aminoisoquinolime (XXXV1)

was obtained, m.p. 203-205°; 1it. value 203-205° (19).

(d) Preparation of 2-Aminothiazolo(4,5-h)isoguinoline (X)
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7-Aminoisoquinoline (XXXVI) (2.88 g, 0.02 mole) and po-
tassium thiocyanats (8.0 g, 0.063 mole) were dissolved in 80 ml of
95% glacial acetic acid in a 250 ml three necked flask equipped with
a mechanical stirrer, 2 thermometer and a dropping funnel. Absolu-
te methanol (8 ml) was also added into the solution. The resulting
solution was cooled to 0° to 50 and bromine (1.2 ml, 0,02 mole) in
10 m1 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 Wifh saturated sodium carbonate
solution. The orange precipitated crude T-amino-8—-thiocyanoisogqui-

noline (XXXV11) was filtered and dried overnight. The yield was 784.

4 solution of 3.2 g of crude 7-aminc-8~thiocyanoisoguinoli-
ns in 150 ml of 4N hydrochloric acid and 150 ml of ethanol was re—
fluxed for two hours. The hot acid solution was filtered end left
to stand overnight. A yellow crystalline compound precipitated and
was filtered. This substsnce proved to be 2~aminothiazolo(4,5~h)-
isogquinoline hydrochloride. Neutralization of the agueous solution
of the hydrochloride salt with dilute sodium carbonate solution pre-
cipitated the free base in 90% yield. The substance crystallized
from agueous alcoholic solution as pale yellow needles, m.p. 303.5-

305.5°.

Anal., Calcd. for ClOH7N3S: c, 59.68; H, 3.51; N, 20.88;

S, 15.92;

Found: C, 59.60; H, 3.67; N, 20.74; S5, 16.01;
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(e) ZPreparation of 2-Chlorothiagolo(4,5-b)isoquinoline _(1X)

Cuprous chloride was prepared in the usual way.
Three grams of copper sulfate peatahydrate and 0.66 g of sodium chle-
ride was dissolved in 30ml of hc;t water. A solution of 0.54 g of
sodium bisulfite and 0.36 g of sodium hydroxide in 20 ml of water
was added with constant stirring. The mixture was cooled to room
temperature and the supernatant liquid was washed twice with water
after being decanted from the colorless cuprous chloride. The cup-
rous chloride waé dissolved in 10 ml of concentrated hydrochloric

acid and cooled while the diagotigétion of the amino compound was

being carried out.

2-Aminothiazolo(4,5-h)isoquinoline (X) (1.2 g,
6.0 n:lllimo}.e) was added to 40 ml of 85%4 phosphoric acid with mechani-
cal siirring. It was them cooled and maintained at 5-10° and 10 ml of
70% nitric acid was added. The remulting solution was cooled to 0-5°
and sodium nitrite (0.44 g, 6.5 millimole) in 4 ml of water was added
with constant stirring over a period of fifteen m:i_.nutes, The reattion
mixture was stirred for another fifteen minutes.at this temperature,
and was then added over a period of twenty minutes to the stirred
solution of cuprous chloride in concentrated hydrochloric acid at
O—5°. The reaction mixture was stirred for another hour at room
temperature. It waa.mde basic with 20% sodium hydroxide solution,
with cooling and stirring. The basic mixture was extracted with three
250 ml portions of diethyl ether. The ether extract was washed with

water, dried over magnesium sulfate, and filtered. The ether
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solution was evaporatad to dryness leaving a pale yellow solid. The
crude 2-chlorothiazolo(4,5-h)isoquinoline (1X) was sublimed at 2
mm (bath tsmperature 98°). The sublimate (0.52 g) was recrystal-

1ized from n-hexane to give 0.45 g of pure colorless chloro compound,

m.p; 130-1310;

Anal, Calecd. for ClOHSNQSCl C, 54.42; H, 2,28; N,12.70;
S, 14.53;

Found: C, 54.33; H, 2.32; N, 12.85; S, 14.573

(f) Preparation of Thiazolo(4,5=h)isoquinoline (vil)

o_Chlorothiazolo(4,5-h)isoguinoline (1x) (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 was refluxed for three
hours and filfered while hot. The vblume 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 (Vil) in 58% yield, m.p. 138-139°.

Anal., Celecd. for ClOHéNES: c, 64.49; H, 3.25; N, 15.05
S, 17.213

Found: C, 64.343; H, 3.32; N, 14.93; S, 17.083

(g) Preparation of o-Acetamidothiazolo(4,5-h)isoquinoline (¥11)
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2-Aminothiazolo(4,5-h)isoquinoline (X) (0.5 g, 2.5 milli-
mole) was refluxed in a mixture of 8 ml of acetic anhydride and 4 ml
of pyridine for two hours. Filtration of the cooled reaction mixiure
gave 0.55 g of 2-acetamidothiasolo(4,5-h)isoquinoline (X11) (91% yield).

Recrystallization from absolute alcohol gave colorless crystals, m.p.

350°.

Mnal. Calod. for C),A.N.08: C, 59.24; H, 3.73; N, 17.2Ts
S, 13008;

Found: C, 59.463 H, 3.373 N, 17.29; S, 13.29;

() Breparation of 2-Hydr hiagolo -h)isoguinoline (X1
2-Chlorothiagolo(4,5-h)isoquinoline (1X) (0.3 g, 1.48
millimole) was refluxed in 30 ml O.5N sodium hydroxide solution for
three hours. The solution was cooled to room temperature and acidi-
fied with dilute acetic acid to pH 6. The resulting precipitate was
filtered off, washed with water and dried to give a 65% yield of 2~
hydroxythiazolo(4,5-h)isoquinoline (1X). Recrystalligation from

aqueous alcoholic solution gave fine yellow needles, m.Dp. 296-297.5°.

Anal, Caled. for C, HN,0S: G, 59.38; H, 2.99; N, 13.853
Found: C, 59.62; H, 2.813 N, 13.96;

2. ATTEMPTED SYNTHESIS OF THIAZOLO‘A,ﬁ—f ZISOQINOLINE (1v)
(a) Preparation of 5-Nitroisoquinoline (XXX1X)

5-Nitroisoquinoline (XXX1X) was prepared by following

the procedure of Le Favre and his co-workers (20). From 12 g of
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freshly distilled isoquincline (XXXv11l), 13.6 g of 5-nitroisoquino-

1ine was obtained in 82% yield, m.p. 104-106°; 1it. valus 106-108°(20).

(b) Preparation of 5-Aminoisoguinocline (X1)

The method of Osborn and Madeleine (19) was followed
to prepars 5-aminoisoquinoline (XL) from 5-nitroisoguinoline (XXX1X)

in 85% yield, m.p. 128-130%; lit. valus 129-131°  (19).

(¢) Thiocvanation of S5-Aminoisoquinoline (XL)

5-Aminoisoquinoline (XL) (2.88 g, 0.02 mole) and
potassium thiocyanate (8.0 g, 0.063 mole) ware dissolved in 60 ml of
95% glacial azcetic acid in @ 250 ml three necked flask equipped with
a thermometer and e dropping funnel and 8 ml of absolute methanol wes
also added. The resulting solution was cooled to 0% to 50 and bromine
(1.2 ml, 0.02 mole) in 10 ml of glacial scatic acid was added drop-
wise to the stirred <oluticn for ancthar hour. It was then poursd
into 100 ml of water and the acid solution was neutralized with sodium
carbonatz solution. The orange crude proluct was filtered, washed
with water end dried overnight. Recrystallization from a large volume
of benzene gave yellow nzesiles (2,4 £). It was later established
that the struciur: of this compound was 5—aminc-8-thiocyansisoquinoline
(XL11), m.o. 181-183°,

4nsl, Caled, for Cl:H7N33: ¢, 59.57; H,3.51; N,20.88;

3, 15.943

Found: C, 59.€03; H, 3.59; X, 20.98; 3, 15.92;
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(4) Acid hydrolysis of 5—amino-8-thiocyanoisoguinoline (XL11)

A solution of 2.0 g of 5-amino-8—thiocyanoisoquinoli—
pe (XL11) (0.0l mole) in 120 ml of 8N hydrochloric acid snd 150 ml
of athanol was refluxed for four hours. The acid solution was eva-
porated to dryness on a water bath leaving only a yellow solid. Neu-
tralization .of the agueous solution of the yellow salt with dilute
sodium carbonate solution préduced a precipitate which was filtered
and dried. Recrystallization from ethancl gave 1.5 g of 5—amino~8—

mercaptoisoquinoline (XL111) (87% yield), m.p. 260-262°.

Anal. Caled. for CoHgN,S: c, 61.36; H, 4.54; N, 15.91
7/
S, 18.19;

Found: C, 61.60; H, 4.48; N, 15.71; S, 18.113

3. ATTSMPTED SYNTHESIS OF THI AZOLO(5 ,4-h)ISOQUINOLINE (vi1l)

(a) Prepsration of 5—Bromoisoguinoline (XLlV)

The procedure given by Osborn and liadeleine (19) for
the preparation of 5-bromoisoquinoline (XLlV) from S-sminoisoqui-
noline (XL) was followed and a 77% yield of S—bromoiSOquinoiine was
obtained, m.p. 82,5-84°, 1lit. value go-84° (19).

(b) Preparation of 5-Bromo—8-nitroisoguinoline {(XLV)

5~Bromo-8-nitroisojquinoline (XLV) was preparsd by the
nitrstior of S-bromoisoguinoline (XLlV) following the procedure of
Osborn and ladeleins (19). The yisld was 70%; yellow nsedles, m.D.

138-139.5%; 1lit. velue 139-141°71{19).
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(¢) Praparation of 8~Aminoisoguinoline (XLV1)

The method ussd by Gordon and Pesarson (26) for the re-
duction of 5—bromo-8-nitroisoquindiﬁne (XLV) to 8-aminoisoguinoli=—
ne (XLV1) was followed. A 72% yield of the amino compound was ob-

tained, m.p. 172-174°%; lit. value 170-172° (26).

(d) Thiocyanation of 8-Aminoisoguinoline (XLv1)

8-Aminoisoquinoline (XLV1) (3.35 g, 0.015 mole) and
potassium thiocyanate (6.0 g, 0.047 mole) were dissolved in 90 ml
of 95% glacial acetic acid in a 250 ml three necked flask equipped
with a mechanical stirrer, a thermometer and a dropping funnel., 6 M1
of absolute methanol was also added. The resulting solution was coo-
led to 0-5°, and bromine (0.9 ml, 0.015 mole) in 10 ml of 95% gla-
cizl acetic acid was added dropwise to the stirresd solution over a »
period of twenty minutss. After the reaction mixture was stirred
for an additional hour at room temperature, it was poured into 100
ml of water. The acid solution was neutraslized with sodium carbo-
nate solution. The yellow precipi%ate was filtered and dried to give
2.4 g (797 yield) of 8-amino-5-thiocyanoisoquinoline (XLV111). Re~

crystallization from benzene yielded yellow needles, m.p. 209-2110.

Anal, Caled. for CIOH7NBS: 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-S5-thiocyanoisoguinoline (XLV111)

8-Amino-5-thiocyanoisoquinoline (XLV11l) (2.0 g, 0.0l mole)
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wvas dissolved in 100 ml of ethanol and 100 ml of 8N hydrochloric
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 precipitate was filteréd, washed with water,
and let stand overnight. Recrystallization from ethanol gave_1.8 g
of B-amino-5-mercapto isoquinoline (XLIX) (90% yield), yellow
needles, Mep. 244—2466.

anal. Calod. for CyHgN,S: C, 61.363 H, 4.54; ¥, 15.913

S, 18.19;

Found: C, 61.77; H, 4.05; N, 16.09; 5, 18,133

(£) Preparation of S-Acetamidoisoguinoline (L)

The procedure given by Craig and Case (14) for the pre-
paration of S-acetamidoisoquinoline (L) from 5-aminoisoquinoline
(XL) was followed, and a 85% yield of %his compound was obtained,

m.p. 161-163°%; 1it. value 163-164° (14).

(g) Preparation of 5-Acetamido-8-nitroisoguinoline (L1)

S—Acetamido-B—nitroisoquinoline (LI) was prepared in
61% yield by the procedure of Keilin and Cass (29), m.p. 224—2260;

134, value 225-227° (29).

(n) Preparation of S—Acctamido-8—aminoisoguinoline (LII)

5-fcetamido=8-nitroisoquinoline 11) (4.6 g, 0.02

mole) was reduced for two hours in absolute ethanol with 5%

palladium on charcoal and hydrogen. The catalyst was filtered
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was dissolved in 100 ml of ethanol and 100 ml of 8N hydrochloric
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 was 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), yellow

needles, m.p. 244—2460.

Anal. Calcd. for CoHghS: ©, 61.365 Hy 4.543 T, 15.915
s, 18.19;

Found: C, 61.77; H, 4.05; N, 16.09; S, 18,133

(£f) Preparation of 5-Acetamidoisoguinoline ()

The procedure given by Craig and Case (14) for the pre-

paration of S5—acetamidoisoquinoline (L) from 5-aminoisoguinoline
(XL) was followed, and a 85% yield of this compound was obtained,

m.p. 161-163%; 1it. value 163-164° (14).

(g) Preparation of 5-Acetamido—8-nitroisoguinoline (L)

5-Acetamido-8-nitroisoquinoline (LI) was prepared in
61% yield by the procedure of Keilin and Cass (29), m.P. 224-2260;

154, value 225-227° (29).

(h) ZPreparation of 5-Acetamido-8—aminoisoguinoline (LI1)

5~Acetamido-8-nitroisoquinoline (L) (4.6 g, 0,02

mole) was reduced for two hours in absolute ethanol with 5%

palladium on charcoal and hydrogen. The catalyst was filtered
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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 (L11) as
yellow needles, m.Dp. 270.5-272.50.

Anal, Calcd for CllHllN3 0: C, 65.67; H, 5.513 N, 20.74;

Found: C, 65.773 H,' 5i75,"N;-20,74;

(1) Preparation of 2.5-Diaminothiazolo(5,4-h)isoquinoline (xx11)

S—Acetamido-8-aminoisoquinoline (r11) (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, & thermometer and a
dropping funnel, Absolute methanol (10 ml) was also added.

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 zcid 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—¢hiocyano-isoquinoline) weighed 3.2 g.

A solution of 3.0 g of crude product in 150 ml of
etnanol and 150 ml of 4N hydrochloric acid was refluxed for three

hours. The acid solution was riltered and the volume of the
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filtrate was redu;ed 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 agueous
alcoholic solution as yellowish green needles, m.p. 274—2760. The
total yield of 2,5-diaminothiazolo(5,4~h)isoguinoline (XXII) was 60%.

4nal. Caled., for Cp,ig N, S: C, 55.54; H. 3473; N, 25.91;

Found: C, 55.68; H, 3.77; N, 25.74;

(j) Preparation of 2,5-Diacetamidothiazolo(5,4-h)isoquinoline

XVIII
2,5-Diaminothiazolo(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. Filtration 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-dimethyls
formamide to obtain colorless fine needles, m.p. >350°.

Anal. Caled. for CI4H12N4025: C, 55,985 H, 4.033 N, 18.643
S, 10.68;

Found: C, 55.79; H, 4.10; N, 18.78; S, 10.61;

4. SYNTHESIS OF THIAZOLO(S5,4~—f)ISOQUINOLINE (IV)

(a) Preparation of m-liethoxybenzaldehyde (LIII)
m-Methoxybenzaldehyde was prepared in 75% yield by the '
procedure of Icke et al. (27) from m-hydroxybenzaldehyde; (XXXIII),

bep. 84-87°/ 2 mm; lit. value 88-90°/ 3 mn (27).
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(b) Preparation of m-Methoxy-& -nitrostyrene (11V)

m-lethoxybenzaldehyde (L111) (6.75 g, 0.05 mols) was
dissolved in 100 ml of ethanol at room temperature and the solution
was cooled to 5—10O after nitromethane (6.0 g, 0.0985 mole) was added.
Then 100 ml of a 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
bydroxide soiution. The insoluble sodium salt of the condensation
product precipitated as the reaction proceeded. After the alkali
had been added and with the temperature kept below 100, ice water
was slowly added until all the sodium salt dissolved. The resulting
basic s&lution was poured through a glass-sintered funnel to remove
the small amount of undissolved material, and this solution was then
added to hydrochloric acid (60 ml of concentrated hydrochloric acid +
90 ml of water) with stirring during the addition but with no attempt
being made to control the temperature. 4 fine yellow precipitate formed
jmmediately. After standing for half an hour it was filtered, washed .
with water and dried to give 6.4 g (79% yield) of yellow needles of
T-methoxy—@ —nitrostyrene (L1V), m.p. 88.5-90%3 1it. valus 91—

92°  (19).

(¢c) Preparation of & -3-Methoxyphenethylamine (Lv)

In an atmosphere of dry nitrogen, 12 g of lithium
aluminum hydride was suspended in 250 ml of tetrahydrofuran previous-—

ly dried end distilled over lithium aluminum hydride. While stirring, a



- 98 =
solution of 17.9 g (0.1 mole) of m-methoxy-Wmitrostyrene (LIV) in
180 ml of purified tetrahydrofuran was added dropwise at such a
rate that the refluxing didnot become too vigorous. After the
addition, the reaction mixture was stirred for an additional hour.
While cooling, 40 ml of 1l: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 tetrahydrofuran layer was separated and dried over
anhydrous sodium sulfate. Aster distilling off the tetrahydrofuran,
the product was distilled under reduced pressure and the fraction
boiling at 108-110°/ 2 mm (lit. value 118-119°/ 6 mm (26) was
colleated to give 10.8 g (71.5% yield).of w-3-methoxyphenethylamine

(LV). The product rapidly fomms a solid carbonate in the air.

(4) Preparation of 6-Methoxy-1,2,3,4-tetrahydroisoquinoline

(Lv1)

The procedure of Helfer (30) was followed to prepare

this compound from -3-methoxyphenethylamine (LV). 6-Methoxy~—
1,2,3,4-tetrahydroisoquinoline (LVI) was obtained in 64% yield

as a colorless oil, b.v. 128-1300/ 2 mm; 1lit. value 143—1440/

6 ma (30).

(e) Preparation_of 6-Methoxyisoguinoline (LVII)

6-liethoxy-1,2,3,4-tetrahydroisoquinoline (LVI (10.0 g,

0,0614 mole) and 10% palladium on charcoal (3 g) in 50 ml of
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decalin were placed in a three necked flask equipped with a
mechanical stirrer, a nitrogen inlet and a reflux condenser with
a calcium chloride tube. The mixture was heated at 180-—190o 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

t0 remove impurities from the acid solution. The acid solution
was evaporated into dryness and neutralized with sodium carbonate
solution. 4 layer of oil was formed. Isolation by ether-extraction
gave 6-methoxyisoquinoline (LVII) in 61% yield; the hydrochloride

salt melting at 216°; 1lit. value m.p. 220° (5).

(f) Preparation of 6-Hydroxyisoguinoline (LVIII)

The procedure of Robinson (16) was followed to prepare
this compound and a yield of 80% of 6-hydroxyisoquinoline (LVIII)

was obtained, m.p. 220-222° ; lit. value 220° (16).

(g) Preparation of 6-Aminoisoguinoline (LIX)

The method used by Robinson (16) for the preparation of
this compound from 6-hydroxyisogquinoline (LVIII) was followed and
a 80% yield of 6-aminoisoguinoline (LIX) was obteained, m.p. 216-—

218% ; 1it. value 217-218° (16).

(h) Preparation of 6-Amino-5-thiocyanoisoguinolins (LX)

6-Aminoisoquinoline (LIX) (2.88 g, 0.02 mole) and
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potassium thiocyanate (8.0 g, 0.063 mole) were 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 cooled to 0° to 5° 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 twenty minutes, The reaction
mixture was poured into 100 ml of water after being stirred for an
additional hour. The acid sclution was neutralized with sodium
carbonate solution. The orange precipitate was filtered and dried
overnight. The crude product was obtained in 85% yield. Recrystal-
lization from a large volume of benzene gave yellow needles,of
E-amino-5-thiocyanoisoquinoline (LX), m.p. 159.,5-161°,

Anal, Calcd. for ClOHﬁN3S= ¢, 59.683 H, 3.51; N, 20.88;

S, 15.92;

Found: C, 59.59; H, 3.523 N, 20.99; S, 15.763

(1) Preparation of 2-Aminothiazolo(5,4-f)isoguinoline (X1V)

A solution of 6-amino=5-thiocyanoisoquinoline (LX)
(2.0 g, 0.01 mole) in 120 ml of 4N hydrochloric 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 (X1V). Recrystallization

from aqueous alcoholic solution gave yellow needles, m.Dp. 251—2530.
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Anal., Calc, for ClOHfN3S= ¢, 59.68; H, 3.513; ¥, 20.88;
S, 15.92;

Found: C, 59.66; H, 3.61; N, 20.73; S, 15.80;

(3) Preparation of 2-Chlorothiagolo(5,4~f)isogquinoline (X111)

The preparation of cuprous chloride was made in the
sams manner as mentioned previously. A warm solution of 3.0 g of
cupric sulfate pentahydrate and 0.66 g of sodium chloride, was added
to a warm solution containing 0.54 g of sodium bisulfite and 0.36
g of sodium hydroxide. The white precipitate of cuprous chloridse

was dissclved in 10 ml of concentrated hydrochloric acid.

o_Aminothiazolo(5,4—f)isoquinoline (X1V) (1.2 g, 6
millimole) was added with mechanical stirring to 40 ml of 85% phos—
phoric acid cooled and maintained at 5—10°, and 10 ml of 70} nitric
acid was then added. The resulting solution was cooled to 0—5O and
sodium nitrits (0.44 g, 6.5 millimole) in 4 ml of water was added
with constant stirring over a period of fifteen minutes. The re-—
action mixture was stirred for another fifteen minutes at this tempe-
rature, and was then added to the stirred solution of cuprous chloride
in hydrochloric acid at O~5° over a period of twenty minutes. The
reaction mixture was stirred for another hour at room temperature.

It was then made basic with 20% sodium hydroxide solution, with cool-
ing and stirring. The basic mixture weas extracted with three

portions of 250 ml diethyl ether. The ether extract was washed
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with watsr, dried over magnesium sulfate, and evaporated to dryness,
leaving a pale yellow solid. The crude 2—chlorothiazolo(5,4—f)iso—
quinoline (X111) was sublimed at 2 mm (bath temperature 110°). The
sublimate (0.52 g, 38% yield) was recrystallized twice from n-hexane
giving 0.45 g of colorless nsedles of chloro-compound, m.D. 170°
(decomp. ). ‘
Anal, Calecd. for CWOH5N2301= ¢, 54.42; H, 2,283 ¥, 12.703
Cl, 16.07;
Found: C, 54.03; H, 2,703 N, 12,815 C1, 1€.10;

(k) Preparation of Thizazolo (5,4~ )isoguinoline (1V)

o_Chlorothizazolo(5,4~F)isoguinoline (X111) (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, 4 ml 6%ﬂwate; and 0.28 g of red phos-
phorus were added. The resulting mixture was refluxed for three hours
and filtered while hot. The volume was reduced to 6 ml and allowed
to stand for cooling. The orange-red crystalline substance was fil-
tered and neutralized with dilute sodium carbonate solution. The
resulting compound was filtered off, washed with water, and dried.
Recrystallization from n-hexsne gave colorless needles of thiazolo-

(5,4~f)isoquinoline (1V) in 55% yield, m.p. 174~175.5°.

N.S5: C, 64.493 H, 3.25; ¥, 15.05;

Anal, Csled, for ClOH6‘2

[€9]

, 17.213

Found: C, 64.763 H, 2.29; ¥, 14.52; S, 17.08;
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(1) Preparation of D-Acotamidothiazolo(5,4—F)isogquinoline (xv1)

2-Aminothiazolo(5,4~f)isoguinoline (X1V) (0.3 g, 1.5
millimole) was refluxed in a mixture of 5 ml of acetic anhydrids and
2,5 ml of pyridine for one hour and allowed to cool to room tempe-
raturs., The white precinitate was filtersed off and washed with wa-
ter to give 0.24 g (B1% yield) of 2-acetamidothiazolo(5,4~f)isoguino—
line (XV1). Recrystallization from absolute sthanol gave colorless

needles, m.p. > 350°,

Anal, Calecd. for 012H§N3OS: C, 59.24; H, 3.73; N, 17.273
S, 13,083

Found: C, 59.643 H, 3.31; N, 17.32; S, 13.33;

(m) Preparation of 2-Hydroxythiazolo(5,4-f)isoguinoline (XV)

2-Chlorothiazolo(5,4—f)isoquinoline (X111) (0.2 g,
1.48 millimole) w23 refluxed in 30 ml of 0.5N sodium hydroxide solution
for three hours. The solution was cooled to room temperature and acidi-
fied with dilutz mcatic acid to pH 6. The resulting precipitate was
filtered off, washed with water and dried to give a 65% yield of 2~
hydroxythiazolo (5,4-F)isoquinoline (XV). Recrysicllization from

ajueous ethanolic solution gave fine yellow needles, m.D. > 3500.

4nal, Caled. for C., . HN.03: C, 55.383 H, 2,993 N, 13.85;
107672 ’ 4 ’

Found: C, 5%9.413; H, 3.37: W, 13.73;
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SUMMARY AND CLAIMS TO ORIGINAL RESEARCH
1. The synthesis of thiazolo(4,5-h)isoquinoline from T-amino-iso-
quinoline was accomplished in three steps:

a) Thiocysnation of T-aminoisoquincline with bromine and po-~
tassium thiocyanate, followed by cyclization of T-amino=-
8-thiocyanoisoquinoline yielded 2-minothiazolo(4,5-h)iso-
quinoline., |

b) Diazotization of 2-aminothiasolo(4,5-h)isoquinoline and
subsequent reaction with cuprous chloride produced 2-chloro-
thiazolo (4,5~h)isoquinoline.

¢} Reduction of 2-chlorothiazolo(4,5~h)isoquinoline with hydri-

odic acid and red phosphorus yielded thiazolo(4,5-h)isoquino-

O line.

2. Thiocyanation of S5-aminoisoquinoline gave 5-amino-8-thiocyano-

isoquinoline as the only reaction:product.

3. Acid hydrolysis of S5-amino-8-thiocyanoisoquinoline using 8N
hydrochloric acid and ethanol produced 5-amino-8-mercapto-

2 <iseguinoline.

4. Thiocyanation of 8-aminoisoquinoline with thiocyanogen gave

8-amino-5~thiocyanoisoquinclius.

5. Adld hydrolysis of 8-amino-S~thiocyanoisoquinoline with 8N

hydrochloric acid and ethanol gave 8-amino-S5-mercaptoisoquinoline,
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6. A plausible mechanism for the conversion of a thiocyano com-—
pound into a thiol using concentrated hydrochloric acid and

ethanol was proposed.

7. Catalytic hydrogenation of S-acetamido~-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-aminoisoguinoline with thiocyanogen gave
6—amino-5-thiocyanosioquinoline. Ring closure of 6-amino-5-
thiocyanoisoquinoline produced 2—aminothiazolo(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.

11. Acetylation of 2—amino-thiazolo(4,5-h)~ and 2-aminothiazolo-
(5,4—f)isoquinolines with z2cetic anhydride in pyridine gave
2—acetamidothiazolo(4,5-h) and 2—acetamidothiazolo(5,4—f )~

isoquinelines respectively.
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‘ 12. The reaction of 2-chlorothiazolo(4,5~h)- and 2-—chlorothiazolo-
(5,4-f)isoquinolines with dilute sodium hydroxide solution
produced 2-hydroxythiazolo(4,5~h) and 2-hydroxythiazolo(5,4=f)=

isoquinolines respectively.

13. Dehydrogenation of 6-methoxy-l,2,3,4-tetrahydroisoquinoline
using 104 palladised charcoal in decalin gave 6-methoxyiso-

quinoline.

14. The following new compounds were prepared and characterized:
(a) 2-aminothiazolo(4,5~h)isoquinoline
(v) 2-chlorothiazolo(4,5-h)isoquinoline
O (c) thiazolo(4,5-h)isoquinoline
(d) 2-acetamidothiazolo(4,5-h)isoquinoline
(e) 2-hydroxythiazolo(4,5-h)isoquinoline
(£) S5-amino-8-thiocyanoisoquinoline
(g) 5-amino-8-mercaptoisoquinoline
(r) S-amino-5-thiocyanoisoquinoline
(1) 8-amino-5-mercaptoisoquinoline
(3) S=-acetamitdo-8-aminoisoquinoline
(x) 2,5-diaminothiazolo(5,4-h)isoquinoline
(1) 2,5-diacetamidothiazolo(5,4-h)isoquinoline
(m) B-amino-S5-thiocyanoisoquinoline
(n) 2-aminothiazolo(5,4-f)isoquinoline

(o) 2-chlorothiazolo(5,4=f)isoquinoline

(p) thiazolo(5,4-f)isoquinoline
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17.

18.
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(¢) 2-scetamidothiazolo(5,4~f)isoquinoline

(r) 2-hydroxythiazolo(5,4-f)isoquinoline

The nuclear magnetic resonance spectra of 211 the new com-—

pounds were recorded and correlated with the structure.

Thas ultraviolet spectra of all the new compounds were recor-

ded and discussed briefly.

The infrared spectra of all the new compounds were recorded

and discussed in soms detail.

The infrared, ultraviolet and nuclear magnetic resonance

spectra of previously known isoquinolines were investigated.



1C.

- 108 -

-BIBLIOGRAPHY

Patterson, A. M., Capell, L., T. and Walker, D. F., The

-,

ring Index, Reinhold Publishing Corp., New York, N. Y.,

- second edition, 1959.

Hall, C. B. and Taurins, A., Can. J.

Hall, C. E. and Taurins, A., Can. J.

Hugerschoff, A., Ber., 36, 3121 (1903).

Chem., 44, 2465 (1966).

Chem., 44, 2473 (1966)."

Robinson, R. A., J. Am. Chem. Soc., 69, 1939 (1947).

Jacobson, P., Ber., 19, 1067 (1886).

Lankelma, H. P. and Knauf, 4. E., J.

53, 309 (1931).

Am, Chem., Soc.,

Lankelma, H. P. and Sharnoff, P. X., J. Am. Chem. Soc.,

53, (1931).

o

Dessai, R. D., Hunter, R. ¥. =2n

Chem., Soc., 1668 (1936).

Kureishy, M. 4., J.

Erlenmeyer., H. and Ueberwasser, H., Helv, Chim. Acta.,,



11.

12.

13.

14.

15.

16.

17.

18.

- 105 -

23, 328 (1940).

Kaufmam, H. P., Oehring, W. and Clsuberg, A., Arch. Pharm.,

266, 197 (1928).

Koshida, Y., Yokota, K. and Hai, S. H., J. Phamm. Soc.,

(Japen) T1, 533 (1951).

Menske, R. H. F. and Kulka, M,, Can. J. Res., 27 B, 161

(1949).

Craig, J. J. and Cass, W. E., J. Am. Chem. Soc., 64,

783  (1942).

Maenske, R. H. F. and Kulka, M., J. Am, Chem. Soc., T2,

4997 (1950)

Robinson, R. A., J. Am. Chem. 3Soc., 69, 1944 (1947).

Woodward, R. 3. and Doering. Ww. Von. E., J. Am, Chem.

Soc., 67, 860 (1945).
"
Keufmsnn, H. P. snd Kuchler, K., Ber., 67, 944 (1934).

Osborn, . R... Schofisld, K. end Short, L. N., J. Chem,

30c., 4191 (1956).



11.

12,

13.

14,

16.

17.

18,

- 109 -

23, 328 (1940).

Kaufmamn, H. P., Oehring, W. and Clauberg, 4., Arch. Pharm.,

266, 197 (1928).

Koshida, Y., Yokota, K. and Hai, S. H., J. Phamm. Soc.,

(Japan) 71, 533 (1951).

Menske, R. H. F. and Kulka, M., Can. J. Res., 27 B, 161

(1949).

Craig, J. J. and Cass, W. E., J. Am, Chem. Soc., 64,

783 (1942).

Manske, R. H. F. and Kulka, M., J. Am., Chem. Soc., 72,

4997 (1950)

Robinson, R. A., J. Am. Chem. Soc., 69, 1944 (1947).

Woodward, R. B. and Doering, W. Von. E., J. 4Am, Chen,

Soc., 67, 860 (1945).
Keufmann, H. P. 3nd Kﬁchler, K., Ber., 67, 944 (1934).

Osborn, 4. R... 3chofield, K. and Short, L. N., J. Chem.

Soc., 4191 (1956).



20.

21,

22,

23.

25.

26.

27.

28.

29.

- 110 -

Le Fovre C. G. and Le Févre, R. J. W., J. Chem. 3oc.,

1470 (1935).

Cheronis, N. D. and Ma, T. S., Organic Functional Group

Analysis, Interscience Publishers, New York, N. Y., 1964,

p. 323.

Kaufmann, H.P., Ber., 62, 390 (1929).

Subr, H., Mol. Phys., 6, 153 (1963).

Riemschneider, R., J. Am. Chem. Soc., 78, 844 (1956).

Riemschneider, R., Wojahn, F. and Orlick, G., J. #m. Chem.

Soc., 73, 5905 (1951).

Gordon, M. and Psarson, D. E., J. Org. Chem., 29, 329

(1964). B

Icke, R. N., Redmann, C. E., Wisegarver, B. 2. and Alles,
G. A., Organic Synthesis, Collective Volume 111, John Wiley
and Sons, Inc., New York, N. ¥., 1955, p. 564.

Marchant, A. and Pinder, A. R., J. Chem. Soc., 327 (1956)

Keilin, B. and Cass, W. E., J. Am. Chem. 3oc., €4,



20,

21,

22,

23.

25.

26'

270

28.

29.

- 110 -~

X

Le Fdvre C. G. and Le Févre, R, J. W., J. Chem., 3oc.,

1470 (1935).

Cheronis, N. D. and Ma, T. S., Organic Functional Group
Analysis, Interscisnce Publishers, New York, N. Y., 1964,

p. 323.

Kaufmann, H.P., Ber., 62, 390 (1929).

Suhr, H., Mol. Phys., 6, 153 (1963).

Riemschneider, R., J. Am. Chem. Soc., 78, 844 (1956).

Riemschneider, R., Wojahn, F. and Orlick, G., J. #m. Chem.

Soc., 73, 5905 (1951).

Gordon, M. 2nd Pearson, D. E., J. Org. Chem., 29, 329

(1964).

Icke, R. N., Redmann, C. E., Wisegarver, B. B, and Alles,
G. 4., Organic Synthesis, Collsctive Volume 111, John Wiley
and Sons, Inc., New York, ¥. Y., 1955, p. 564.

Marchant, 4. and Pinder, 4. R., J. Chem. Soc., 327 (1956)

Keilin, B. and Cass, W. E., J. Am. Chem. Soc., €4,



30.

31.

32.

33.

34.

35.

36.

37.

38.

- 111 -

2443 (1942).

Helfer, L., Helv. Chim. 4cta., 7, 945 (1924).

Robinson, R. 4., J. 4m. Chem. Soc., 69, 1940 (1947).

Luther, H., Mootz, D. and Radwitz, F., J. Prakt. Chem,,

ser. 4, 5, 242 (1958).

Bassignana, P., Cogrossi, C. and Gandino, L., Spectrochim.

Acta., 19, 1885 (1963).

Katritzky, A. R., Physicsl M=zthods in Heterocyclic Chemistry,

volume 2, Academic Press, New York. N. Y., 1963, pp. 35-62

Bllis, B. and Griffiths, P. J. P., Spectrochim. 4cta., 21,

1881 (1965).

Boggust, W. A., Cocker, W., Schwarz, J. C. P. s&nd Stuart,

. R., J. Chem. Soc., 680 (1950).

Rao, C. N. R., Ultraviolet and Visible Spectroscopy,

Butterworths, London, second edition 1967.

Ksto, H., Tanzka, K. and Ohta, M., Bull. Chem. Soc.,

(Tapan) 35, 1901 (1962).



39.

40.

41.

42.

43.

44.

45.

46.

aT.

- 112 =

Kerstein, H. and Hoffmenn, R., Ber., 57, 491 (1924).

Fraser, J. and Hamer, F. M., J. Chem. Soc., 507 (1936).

Bogert, M. T. end Husted, H. G., J. Am, Chem. Soc.,

54, 3394 (1932).

Bellamy, L. J., The infra-red Spectra of Complex liolecules,

Methuen and Co. Ltd., London, second edition, 1959.

Dyson, G. M., Hunter, R. F. and Morris, R. W., J. Chem.

Soc., 1186 (1927).

Modica, G. D., Barni, 3. and Monache, F. D., J. Heterc.

Chem., 2, 242 (1965).

Brown, R. F. C., Redom, L., Sternhsll, S. =2nd Rse, I. D.,

Can. J. Chem., 46, 2576 (1968).

Pople, J. 4., Schneider, W. G. and Bernstein, H. J.,
High-Resoluticn Nuclezar Yagneatic Resonsnce, LicGraw-Hill

Book Co. Inc., New York, N. Y., 195%9.

" oy

Brugel, W., Ankel, T. =ond Kruckebarg, r., Zeitschrift fur

Elektrochemie, 64, 1121 (1960).



48.

500

51.

52.

53.

54.

55.

5€.

- 113 -

Tori, K., Ogata, M. and Kano, H., Chem. Pharm. ZBull., T1,

681 (1963).

Pohl, L. and Wiegreba, W., Zeitschrifi fur Naturforschung,

20 B, 1032 (1965).
Jackman, L. M., Application of Nuclear liagnetic Resonance
Spectroscopy in Organic Chemistry, Porgamon Press, New York,

¥. Y., 1965.

Bible, R. H., Interpretation of N. K. R. Spectra, Plenum

Press, New York, N. Y., 1965.

Vells, P. R. end Alcorn, P. G. 3., Aust. J. Chem., 16,

1108 (1963).
Platt, J. R., J. OChamm. Phys., 17, 484 (1949).
Cerniani, 4. a&nd Passerini, R., J. Chem. Soc., 2261 (1954).

Blsck, P. J. and Heffernsn, M. L., fuss. J. Cham.,

19, 1287 (1966).

Rao, C. N. R. and Venkatsrsghaven, R., Czn. J. Chen,
9 (=) 9 9 b

232, 43 (1964).



48.

49-

50-

52.

53.

54-

55.

5€.

- 113 =

Tori, K., Ogata, li. and Kano, H., Chem. Pharm. Bull., 71,

681 (1963).

Pohl, L. and Wiegreba, W., Zeitschrift fur Nsturforschung,

20 B, 1032 (1965).
Jackman, L. M., Application of Nuclear li=gnetic Resonance
Spectroscopy in Organic Chemistry, Pergamon Press, New York,

¥. Y., 1965.

Bible, R. H., Interpretation of ¥. I. R. Spectra, Plenum

Press, New York, ¥. Y., 1965.

Wells, P. R. end Alcorn, P. G. 3I., fust, J. Chem., 16,

1108 (1963).
Platt, J. R., J. Okem. Phys., 17, 484 (1949).
Cernieni, 4. &nd Passerini, R., J. Chem. Soc., 2261 (1954).

Bleck, P. J. sud Hefferrnsm, M. L., Lust. J.. Chem.,

19, 1287 (1966).

Sl\
e}
o
.
Q
o)
o
at

Reo, C. W. R. and Venkatsraghaven, R., Czi

22, 43 (1964).



57.

58.

60,

61l.

63.

€4.

€5.

Maggiolo, A, J.

Matteson, D.

S.

79, 3610 (1957).

- 114 -

°

im. Chem. Soc., 73, 5815

and Synder, o.

Bentley, F. F., Smithson, L. D.

R"

and Rozek, A

J.

Am.

(1951).

Chem. Soc.,

. L., Infra-

red Spsctra and Characteristic Frequencies 700-300 cm_l,

Y., 1968, pp. 65-84.

~science Publishers, Inc., New York, N.

Person, W. B., Pimentel, G.

Phys., 23, 230

Lippincott, E.

Phys., 23, 238

Jakobson, R.

88 (1964).

J.

(1

R.

(1

955) .

and O'Reilly, E.

955).

and Bentley, F.

Clar, E., Polycyclic Hydrocarbons,

¥. Y. 1964, Vol.

Josevh, P. K.

go1r (1964).

Baumgarten, H.

yoo (1958).

1, pp. 40-69.

and Joullie', il.

i)
e

and Dirks, J.

F., &ppl.

h>
Q
(2}
2
[&]
™
Q
4]
H
@

.,

J.

J.

¢ and Schnepp, 0., J.

Jre,

e 3
wElle

J. Chenm.

Chem., T,

Inter-—

Chsm.,

Spectry., 18,

55, New York,



- 115 -

66. De La Mare, P. B. D. and Bolton, R., Electrophilic Additions
4o Unsaturated systems, Blsevier Publishing Company, New York,

N. Y., 1966, p. 174.

67. Desai, R. D. and Mehta, C. V., Indian J. pharm., 13, 205

(1951).

68. Bhergavs, P. N. and Boligs, B. T., J. Indian Chem. Soc.,

35, 807 (1958).

69. Hirshbsrg, Y. and Jones, R. N., Can. J. Res,, 27 B, 437

(1949).

70, Vogel, 4. L., Elementary Practical Organic Chemistry, Partl,

John Wiley & Sons, Inc., New York, N. Y. 1966, pp. 280-281.

71. GCox, J. M., Elvidge, J. A. and Jones, D. E. H., J. Chem.

Soc., 1423 (1964).

72. Jaffe, H. H., Theory and Applications of Ultraviolet Spactro-

scopy, John Wiley and Sons, Inc., New York, N. Y. 1962,

73. Gold, V. and Whittaker, M., J. Chem. Soc., 1184 (1951).

74, 3Brennsn, D. and Ubbelohde, 4. R., J. Chem. OSoc., 3011 (1956).



75.

76,

7.

780

79.

80.

gl.

g2.

83.

84.

5.

- 116 =~

Keufmamn, H. P., Angew. Chem., 54, 195 (1941).
XKaufmann, H. P., 4ngew. Chem., 54, 1€8 (1941).
Krohnke, F. and Stevernagsl, H., Angew. Chem., 73, 26 (1961).

Elderfield, R. C., Heterocyclic Compounds, Vol. 4, John

Wiley and Sons, Inc., New York, N. Y., 1952, pp- 344-454.

Fairfull, A. E. S. and Peak, D. A., J. Chem. Soc.,

796 (1955).
Oo'sulliven, D. G., J. Chem. Soc., 3279 (1960).

Adams, R., Organic Reactions, Vol., 111, John Wiley and Sons,

InC., 1947, pp. 240—2660
Kaufmann, H. P. and Kbgler, F., Ber., 58, 1553 (1925).

Elderfield, R. C., Heterocyclic Compounds, Vol. 5, John

Wiley and Soms, Inc., New York, N. Y. 1957, pp. A484-613.

Hrutford, B. F. and Buanett, J. £., J. 4m. Chem. ‘Soc.,

%0, 2021 (1958).

Hrutford, B. F. and Bunrett, J. i., J. Am. hem. 39cC.,



86.

8:].

88.

90.

91.

83, 1691 (1961),

Jones, G., J. Chem. Soc., 1896 (1960).

Fichter, Fr. and Schgmann, P., Helv., Chem, Acta., 19,

1411 (1936).

Takshashi, T., Yatsuka, Y. and Onuma, Y., J. Pharm. Soc.,

(Jepan) 64, 235 (1944).

Adams, R., Organic Reactions, Vol., V1, John Wiley and Sons,

Inc., 1951, pp. 191-206,

Takahashi, T., Ueda, K. and Ichimoto, T., Fharm. Bull

(Japan) 2, 196 (1954).

Kharash, N., Organic Sulfur Compound, Vol. 1, Pergamon

Press, New York, N. Y. 1961, pp. 306-323,



