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ABSTRACT KEYWORDS
This paper is reviews of different methods in the synthesis mono(bi)- het- Cyanine dyes;
erocyclic six membered cyanine dyes. In this paper review detailed synthe- Synthesis;

sis steps were represented via equations. The synthesis covers
monomethine cyanine dyes (simple cyanine dyes), dimethine cyanine dyes,
trimethine cyanine dyes (carbocyanine dyes), meso-substituted trimethine
cyanine dyes, tetramethine cyanine dyes, bis tetramethine cyanine dyes,
styryl cyanine dyes (hemi cyanine dyes), bis styryl cyanine dyes (bis hemi
cyanine dyes), aza-styryl cyanine dyes (aza-cyanine dyes), bis aza-styryl
cyanine dyes (bis aza-cyanine dyes), a cyclic mero cyanine dyes, cyclic
mero cyanine dyes and mixed cyanine dyes. In addition, some significant
uses, applications and properties of cyanine dyes were given in the intro-
duction section of this paper review. Reviewing some of the different meth-
ods in the synthesis of only mono(bi)-heterocyclic six membered cyanine
dyes can be considered as a new and/or a novel type of reviewing which
have not mentioned in the literature before.

© 2015 Trade Sciencelnc. - INDIA

Six membered cyanine dyes,
Methine cyanine dyes,
Hemi cyanine dyes;
Aza-cyanine dyes;
Mero cyanine dyes.

INTRODUCTION

Functiona dyesplay animportant rolein materia
science. Cyaninedyes™9 ijsoneof themost important
classes of organic heterocyclic functiona dyeswhich
have been studied for over 150 yearsold and still con-
tinueto beof interest in abroad area of science, tech-
nol ogy, engineering, pharmacol ogy and medicine. These
dyeshavetunablewavel engthsacrossthevisble spec-
trum and exhibit high molar extinction coefficients per-
mitting theuseof low concentrations. Thedevel opments
of cyaninedyeshavecomeinto limelight bothin experi-
mental and theoretical aspects. They present favorable
optical propertiesand have been explored asimpor-
tant organicfunctiond dyesmateridsinmany fidds. Such

assendtizersfor slver hdideemulsionin photographic
industry, asdatastorage materials, sensitizersin solar
cdls, inlaser disksmaterial, inanaytical chemistry, in
clinica and environmental andysis, sensitizer for pho-
todynamictherapy, diagnostic by fluorescent detection,
fluorescent labelsin DNA, protein detection and non-
linear optical materials. Inaddition, thisclassof dyes
possessversatile gpplicationsin inorganiclarge band-
gab semiconductor materids, light harvesting systems
of photosynthesisand photovoltaics, photoreflactive
materiasand as antitumor agents™.
Cyaninedyeshaveunusua optica properties, and
high fluorescent quantum yield of their aggregates,
strongly absorbinginthevisibleregion, highly fluores-
cent in monomers and aggregatesboth in solutionand
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organized media. Thetwo typesof aggregatesthat are
known for cyanine dyes are H-aggregate recognized
by their blue shifted broad absorption band and J-ag-
gregatethat exhibit asharp red shifted absorbancewith
respect to the monomer absorption. The ease of for-
mation of aggregatesin conjunctionwiththeir potentia
applicationsin optical devices, photosensitizers, and
fluorescent probesfor bio-membranefluidity madecya-
ninedyesparticularly interesting™. Thenumber of sci-
entific publicationinthesynthes's, characterizationsand
applicationsof cyaninedyesintherecent years**?Uis
an grong evidencefor thevita position of cyaninedyes
inthe chemistry of dyesand pigments, and for itscon-

tinuousimportancein modern sciences and advanced
technology.

DIFFERENT METHODSIN THE SYNTHE-
SISOFMONO(BI)-HETEROCYCLIC SIX
MEMBERED CYANINE DYES

Shindy, et d. 24 synthesi zed new photosensitizers
unsymmetrica 2[2(4)]-mono- and tri- (substituted tri-)
methi necyaninedyesincorporating 1,2,5,6,-tetrahydro-
4,6-diaryl pyrimidine (pyrimidinium-1-yl salt)-2-one,
Scheme(1).

Substituentsin Scheme(1)
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(48a—f); (49a—1): R=0CH,, X =H (a); R=
NO,, X =H (b); R=Cl, X =H (c); R=H, X =4.0H
(d); R=NO,, X =4.0H (); R=H, X = 2.NO, (f).

(50): R=0CH,, X =H.

@
(5la-h): Z= N,Z J ;R=0CH,, X =H,
A = 1-ethyl pyridinium-2-yl salt (),

R=0CH,, X =H, A = 1-ethyl quinolinium-2-yl
sdt (b),

R=0CH,, X=H, A= 1-ethyl pyridinium-4-yl st
(©),

R=NO,, X=H, A= 1-ethyl quinolinium-2-yl salt
(d),

R=Cl, X =H, A = 1-ethyl quinolinium-2-yl salt
©);

R=H, X =4.0H, A=1-ethyl quinolinium-2-yl salt
(f),

R=NO,, X =4.0H, A = 1-ethyl quinolinium-2-yl
salt(g),

R=H, X =2.NO,, A = 1-ethyl quinolinium-2-yl
st (h).

(52):Z2==N,R=0CH,, X =H,A=2-quinoline.

(53) Z == R=0CH, X = H, A = 1-ethyl
quinolinium-2-yl dt.

(54a-e); (55a—e); (56a—e): R=H(a); CH, (b),

@W CHEMISTRY —

H, (c); CH,-p.OCH, (d); C.H,-p.NO, (e).
AbdEl-Ad, et d. @ prepared novel monomethine,

dimethineand tetramethine cyaninedyesincorporating

coumarin and/or quinolinederivatives, Scheme (2).

Substituentsin Scheme(2)

(574, b); (58a, b): X =H (a); CH, (b).

(59a—d); (60a—d): X=H, Z=0 (a); X =CH,,
Z=0(b); X=H,Z=NH(c); X=CH,, Z=NH (d).

(6la—f); (64a—f): X=H,Z=0,A=2H-2-yl salt
@

X =H,Z=0,A=C,H,-2-yl st (b);

X =H, Z=0,A=2H-4-yl st (C);

X=CH,, Z=0,A=CH,-2-yl st (d);

X =H,Z=NH,A=CH,-2-yl sdlt (e);

X =CH,, Z=NH,A=C,H,-2-yl salt (f).

(62a—1): X=H,Z=0,R=H (a); X=H,Z=0,
R =CH, (b);

X =H,Z=0,R=ph(c); X=CH,, Z=0,R=H
(d);

X=H,Z=NH,R=H(ge); X=CH,, Z=NH,R
=H ().

(63a—h): X=H, Z=0,R=H, A= 1-ethyl pyri-
dine-2-iumsalt (a);

X=H,Z=0,R=H,A=1-quinoline-2-ium salt
(b);
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X =H,Z=0,R=H,A=1-ethyl pyridine-4-ium
sdt(c);

X =H,Z=0,R=CH,,A=1-ethyl quinoline-2-
iumsdt (d);

X =H,Z=0,R=ph,A=1-ethyl quinoline-2-ium
st (e);

X =H,Z=NH, R=H, A =1-ethyl quinoline-2-
iumsat (f);

X =CH,, Z=0, R=H, A= 1-ethyl quinoline-2-
iumsat (g);

X=CH,,Z=NH,R=H,A= 1-ethyl quinoline-2-
iumsdt (h).

El-Maghraby, et d. 4 synthesized new asymmetri-
ca and symmetrical styryl cyaninedyesusing4,5,10-
trioxo-1,2,3,4,5,10-hexahydro-benz [g]quinoline as
sartingmateria, Scheme (3).

Substituentsin Scheme(3)

(66a—c): X =H (a); p.OCH, (b); p.NO, ().
(67a, b): Q = 1-ethyl quinolinium-2-yl salt (a); 3-

ale/pip. #:/b//\@
H (661 c)

o}

@

ale./p1p.

(68:1 i)

_ wNoy
1,50, / 0CO

ol

(" 0)

dil. HC1

ethyl benzoxazolium-2-yl sdt (b).

(68a—1): X =H, A= 1-ethyl pyridinium-2-yl salt
@

X =H, A= 1-ethyl quinolinium-2-yl st (b);

X =H, A =3-ethyl benzoxazolium-2-yl sat (c);

X =p.OCH,, A = 1-ethyl pyridinium-2-yl sdt (d);

X =p.OCH,, A= 1-ethyl qunolinium-2-yl st (€);

X =p.OCH,, A = 3-ethyl benzoxazolium-2-yl salt
(f);

X =p.NO,, A = 1-ethyl pyridinium-2-yl sat (g);
X =p. NO A = 1-ethyl quinolinium-2-yl sdt (h);

X =p. NO A = 3-ethyl benzoxazolium-2-yl salt
(i)

(69a—d): Q = 1-ethyl quinolinium-2-yl salt, A= 1-
ethyl pyridinium-2-yl sdt (a);

Q = 1-ethyl quinolinium-2-yl sat, A = 3-ethyl
benzoxazolium-2-yl sdt (b);

Q = 3-ethyl benzoxazolium-2-yl salt, A = 1-ethyl
pyridinium-2-yl sdt (c);

Q = 3-ethyl benzoxazolium-2-yl salt, A = 1-ethyl
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quinolinium-2-yl salt (d). ers dimethine cyanine dyes having oxadiazine ring,
(72a—c): A= 1-ethyl pyridinium-2-yl salt (a); Scheme (4).
A = 1-ethyl quinolinium-2-yl sat (b); Substituentsin Scheme (4)

A = 3-ethyl benzoxazolium-2-yl sdt (C).
Koraiem, et d. [ synthesized new photosensitiz-
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(773, b): A = 1-ethyl pyridinium-2-yl salt (a); 1-
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ethyl quinolinium-2-yl sdt (b).

Shindy, et a8 synthesized new symmetrical bis
(styryl, tetramethine, aza-styryl) cyanine dyesderived
from 4,9-dioxopiperidino[2,3-g]-1,2,3,4,6,7,8,9-
octahydroquinolinoguinone, Scheme (5).

Substituentsin Scheme (5)

(79a—e): R = H (a); 4-OCH, (b); 4-OH (c),; 2-
OH (d); 4-NO, (e).

(80a—c); (83a—c): A=2-formyl pyridine (a); 2-
formyl quinoline (b); 4-formyl pyridine(c).

(8la-c); (84a—c): R =4-OH (a); 2-OH, 5, 6-
benzo-substituent (b); 2-OH, 3, 4-benzo-substituent
(©.

(82a—g): A= 1-ethyl quinolinium-2-yl salt, R=H
@

A = 1-ethyl quinolinium-2-yl salt, R=4-OCH, (b);

A = 1-ethyl quinolinium-2-yl salt, R=4-OH (c);

A = 1-ethyl quinolinium-2-yl salt, R=2.0H (d);

A = 1-ethyl quinolinium-2-yl salt, R=4-NO, (e),

A = 1-ethyl pyridinium-2-yl salt, R=4-NO, (f);

A = 1-ethyl pyridinium-4-yl sat, R=4-NQ, (g).

El-Maghraby, et al. 2" prepared new asymmetri-
ca monomethine cyaninedyesincorporations pyrimi-
dinenucleus, Scheme (6).

Substituentsin Scheme (6)

(85a—f); (86a—1): X =H (a); p.OCH, (b); p.OH
(¢); p.N(CH,), (d); p.NO, (€); 2.0H (f).

(87a—f): A= 1-ethyl pyridinium-2-yl salt, 1-ethyl

quinolinium-2-yl sat, and 3-ethyl benzoxazolium-2-yl
.

X =H (@); p.OCH, (b); p.OH (c); p.N(CH,), (d);
p-NO, (e); 2.0H (f).

Abd El-Aal, R.M. 28 synthesized a series of
monomethine cyaninedyescontaining oxazine, thiazine
and pyrazinenucleus, Scheme (7).

Substituentsin Scheme(7)

(91a-c); (93a—c); (94a—c): A=H-2-yl salt (a);
CH,-2-yl st (b); H-4-yl salt (c).

(95a-c¢); (96a—c); (97a—c); (98a—c): R=H
(@); NO, (b); OCH, (c).

(993, b): X =NH (a); S(b).

(100a—¢): R=H,X=0 (a); R=0CH,, X=0
(b); R=NO,, X=0(c); R=NO, X=NH (d); R=
NO,, X =S (e).

Koraem et d. synthesized aseriesof monomethine
cyanine dyes and trimethine cyanine dyes containing
oxadiazine nucleus®:*, Scheme(8).

Substituentsin Scheme(8)

(103a-c): A = 1-methyl pyridinium-4-yl sdt (a),

A =1-methyl quinolinium-4-yl sdt (b),

A =2-methyl isoquinolinium-1-yl salt (c).

(105a-c): A = 1-methyl pyridinium-2-yl sdt (a),

A =1-methyl quinolinium-2-yl sdt (b),

A =1-methyl pyridinium-4-yl sdt (c).

Shindy et a. prepared anumber of monomethine
cyanine dyes, trimethine cyani ne dyes and meso-sub-
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dituted trimethinecyaninedyeshaving 1,3 4-oxadiazine  (a),
nucleus, Scheme(9).

Substituentsin Scheme (9)

(1074, b); (1083, b); (109a, b)(111a,b) & (11343,
b): X =H (a), X =Ph (b).
(110a—d): X =H, A= 1-ethyl pyridinium-4-yl salt
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X =H, A= 1-ethyl quinolinium-4-yl sdt (b),

X =H, A =2-ethyl isoquinolinium-1-yl sat (c),

X =Ph,A =1-ethyl quinolinium-4-yl sat (d).

(114a—e¢): X=H, R=(H) (a), X=Ph, R=H (b),
X=H, R=-CH, (c), X=H, R=-CH (d) X=Ph, R=-
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CH, (e).

(112a-d), (I115a-d): X=H, A=1-ethyl pyridinium-2-
yl salt (a), X=H, A= 1-ethyl quinolinium-2-yl salt (b),
X=H, A= 1-ethyl pyridinium-4-yl salt (c), X=Ph, A=
1-ethyl quinolinium-2-yl sat (d).

(116a-c): X=H, R=-CH, (a), X=H,R=-C H, (b),
X=Ph, R=-CH_ (c).

A seriesof styryl, aza-styryl, acyclicmero, cyclic
mero and mixed cyanine dyeswith 1,3,4-oxadiazine
nucleusweresynthesized by Shindy, et d. ¥4, Scheme
(10).

Substituentsin Scheme (10)

(117a—d): X=Ph,Y= (a); X=H,Y= (b); X=
Ph,Y =N (c);

X =H,Y =N (d).

(1183, b): X =Ph (a); H (b).

(119a-g): X=Ph,Y=H (a); X=Ph, Y=0H (b);
X =Ph,Y =0OMe(c);

X=Ph,Y=NMe, (d); X=Ph,Y=NO, (e); X =
Ph,Y =CI (f);

X =Ph,Y =NMe, (9).

(120a—d): X =Ph, Z=4-phenol (a); X=Ph, Z=
1(2-naphthoal) (b); X =Ph, Z =2(1-naphthal) (c); X =
H, Z = 1(2-naphthoal) (d).

(121a—d): X =Ph, R=H (a); X =Ph, R=COMe
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(b); X =Ph, R=COOEt (c); X =H, R=COMe((d).
(1223, b): X =Ph (a); H (b).
(123a—d): X =Ph, A= 1-ethyl-pyridinium-2-yl
sdt (a);
X =Ph,A = 1-ethyl-quinolinium-2-yl sdt (b);
X =Ph, A = 1-ethyl-pyridinium-4-yl salt (c);
X =H, A= 1-ethyl-quinolinium-2-yl sat (d).
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