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Synthesis of Different Classes of Five / Five Membered Heterocyclic Cyanine Dyes:

A Review Paper

H.A. Shindy*

Department of Chemistry, Faculty of Science at Aswan, South Valley University, Aswan, Egypt

Abstract: The paper reviews synthesis of different classes of biheterocyclic five/five membered heterocyclic cyanine dyes. In this review
paper detailed synthesis steps for some of the biheterocyclic five/five membered cyanine dyes were represented by equations. The syn-
thesis covers, monomethine cyanine dyes (simple cyanine dyes), aza-monomethine cyanine dyes, dimethine cyanine dyes, trimethine
cyanine dyes (carbocyanine dyes), aza-trimethine cyanine dyes, tetramethine cyanine dyes, heptamethine cyanine dyes (tricarbocyanine
dyes), styryl cyanine dyes (hemi cyanine dyes), aza-styryl cyanine dyes (aza-hemi cyanine dyes) and apocyanine dyes. In addition, in the
introduction section we shed some light on the use and applications of cyanine dyes.
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1. INTRODUCTION

Cyanine dyes [1-10] are a member of a class of highly colored
organic compounds essentially used for increasing the range of
wavelengths of light to which photographic emulsions are sensitive.
A few members of the class are used in textile dyeing, but most of
them are too easily destroyed by acids or by light therefore they are
not to be satisfactory for this purpose. The silver salts in photo-
graphic films or plates are only affected by light of wavelengths at
the range of 350 to 450 nanometres, which includes only a small
part of the visible spectrum (about 400 to 700 nanometres). In 1873,
[11] it was found that cyanine, a blue dye discovered in 1856, ren-
dered the emulsion sensitive to a wider range of visibly colored
light. Since then, related dyes have been developed [12] that sensi-
tize the emulsions to all visible wavelengths and in the infrared
region. Such sensitizers are especially useful in long-distance
photography.

In addition, polymethine cyanine dyes represent linear conju-
gated molecules that exhibit numerous unique electronic and spec-
tral properties which are useful for a broad area of applications
connected with light conversion, e.g. spectral sensitization, initia-
tion of polymerization, molecular probes in polymer science and
biology, active and passive components for tunable lasers, nonlin-
ear media exploiting excited - state absorption (ESA), etc [13].
Also, polymethine molecules serve as objects for developing new
theoretical concepts and effective quantum-chemical models.

Besides, the recent research for NIR (near Infrared) polyme-
thine dyes is due to various applications of the inexpensive solid -
state diode lasers, generating light at about 800 nm. Fields of appli-
cation currently under investigation are analytical ultra, trace de-
termination of proteins by high-performance chromatography and
laser fluorimetry, the localization and treatment of neoplasia in
photopharmatherapy and particularly the optical data recording and
reading systems (optical disks). The question has also been posed as
to whether polymethine structures can serve as novel materials in
non-linear optics capable of second - harmonic generation [14].
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2. SYNTHESIS

A series of methine cyanine dyes such as monomethine (3a-e),
aza-methine (4a-c), trimethine (6a-i) and (8a-c) incorporating fused
pyrazolo[3,4-d]oxazole nucleus were prepared [15], Scheme (1).

Substituents in scheme (1)

(1, 2, 3, 5): R=H(a), p.OCHs (b), p.NO,(c), p.OH(d), p.Cl(e).

(4a-c): R=p.NO,, 4.0H, Y=H(a); R=p.NO,, 2.0H, Y=5,6-benzo (b);
R=p.NO,, 2.0H, Y=3,4-benzo (c).

(6a-i) : R=H, A=C,4H,-2-yl salt (a); R=H, A=C,H;-4-yI salt (b);
R=p.OCHs;, A=C;H;-2-yl salt (c); R=p.OCHs, A=C;Hs-4-yl
salt(d);
R=p.NO,, A= C4H.-2-yl salt (e); R=p.OH, A=C,H,-2-yl salt
(f);
R=p.0OH, A= C4H,-4-yl salt(g); R=p.Cl, A=C,Hs-2-yI salt (h);
R=p.Cl, A=C,;Hs-4-yI salt (i).

(7a-c),(8a-c) : R=H (a), p.NO; (b), p.OH (c).

3,5-Dimethyl-1-phenyl-1H-pyrazolo[4,3-d][1,3]oxazole  was
prepared and oriented as starting material in the synthesis of some
mono-, di-, and trimethine cyanine dyes [16], Scheme (2).

substituents in scheme (2) ,  _
(9a, b); (10a, b): X =N(a), N, -Etl (b).
(16a-c); (17a-c); (24a—c); (26a—c):
A =1-ethyl pyridinium-2-yl iodide (a);
A =1-ethyl quinolinium-2-yl iodide (b);
A =1-ethyl pyridinium-4-yl iodide (c).
(18a - c); (20a — c): A =1-ethyl pyridinium-4-yl iodide (2);
A =1-ethyl quinolinium-4-yl iodide (b);
A =2-ethyl isoquinolinium-1-yl iodide (c).

A number of photosensitizers, monomethine, dimethine, trime-
thine, styryl and mixed cyanine dyes incorporating pyrazolo / oxa-
zole (thiazole) nuclei were prepared [17], Scheme (3).

Substituents in scheme (3)
(9a, b): X =N(a); N - Etl (b).
(27a-d): X=N,Z=0 (a); X=N,Z=,S (b);—
X=N-Etl ,z=0(@);XN-Etl ,z=s(@).
(284, b); (29a, b); (33a, b): Z=0 (a); S (b).
(30a—d): Z =0, A=1-ethyl pyridinium-4-yl salt (a);
Z = 0, A=1-ethyl quinolinium-4-yl salt (b);
Z =0, A=2-ethyl isoquinolinium-1-yl salt (c);
Z =S, A =1-ethyl quinolinium-4-yl salt (d).
(32a -d); (35a —d): Z = O, A=1-ethyl pyridinium-2-yl salt (a);
Z = 0, A=1-ethyl quinolinium-2-yl salt (b);
Z = O, A=1-ethyl pyridinium-4-yl salt (c);
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Z =S, A =1-ethyl quinolinium-2-yl salt (d).
(38a—e):Z=S,X=H();Z=S,X=0H (b); Z=S, X =NMe; (¢);
Z=S,X=Cl(d); Z=0, X =NMe; (e).
(393, b): A=H, A =benzene (a); A= benzene, A = H (b).

5-Aryl-3-methyl-1-phenyl-pyrazolo[3,4-d]Joxazoles were syn-
thesized by Koraiem et al. [18] as starting material in the synthesis
of some cationic di- and tetra- methine cyanine dyes, Scheme (4).

Substituents in scheme (4)

(41a - e); (42a-e); (43a—e): R=H (a), p.OCHjs (b), p.NO- (c),
p.OH (d), pClI (e).

(44a —g), (45a — g): R = H, A = H-2-yl salt (a), R = H, A = C4H;-2-yl
salt (b),
R = H, A= H-4-yl salt (c), R = p.OCHs, A = C4Hs-2-yl
salt (d),
R = p.NO;, A = C4Hs-2-yl salt (e), R = p.OH, A =
CsHs-2-yl salt (f),
R = p.Cl, A= CsHs-2-yl salt (9)

(46a - c): A = pyridine-2- (a); quinoline-2 (b); pyridine-4 (c).

(47a-e); (48a—¢e): R=H, X=H (a); R=H, X=p.0OCHjs (b);
R =H, X=p.NO; (c); R =p.OCHs, X = H (d);
R = p.OCHs, X = p.OCHjs (e).

4,5-Dioxo-3-methyl-1-phenyl-pyrazoline is condensed with o-
picoline-Etl, quinaldine-Etl or 2-methyl benzoxazole-Etl to form
monomethine derivatives, which is then brominated and finally
cyclocondensed with hydrazines or hydroxylamine to give apo-
cyanine dyes [19], Scheme (5).

Substituents in scheme (5)
(50a-c); (51a-c); (52a—c); (53a—c); (54a-c):
A = 1-ethyl pyridinium-2-yl salt (a);
1-ethyl quinolinium-2-yl salt (b);
3-ethyl benzoxazolium-2-yl salt (c).

Dimethine, bis dimethine and tetramethine cyanine dyes de-
rived from benzo [4,5-b; 4’,5’-b"] bis furo, thieno and pyrrolo-4,8-
dione were prepared [20], Scheme (6).

Substituents in scheme (6)
(56a-c); (57a-c): X =0 (a); S (b); NH (c).
(58a-¢); (59a-e): X = O, A = 1-methyl pryidinium-2-yl salt (a);
X =0, A= 1-methyl quinolinium-2-yl salt (b);
X =0, A= 1-methyl pryidinium-4-yl salt (c);
X =S, A =1-methyl quinolinium-2-yl salt (d);
X = NH, A = 1-methyl quinolinium-2-yl salt (e).
(60a-g); (61la-g): X=0,R=H (a); X=0, R =CHjs (b);
X =0, R=CgHs (c); X =0, R=CgHs-p-OCH; (d);
X=0, R=CgHs-p-NO; (e); X=S, R=CHjs (f); X=NH,
R=CHjs (g).

A number of furo, thieno and pyrrolo[2,3-b]pyrazole cyanine
dyes were synthesized [21], Scheme (7).

Substituents in scheme (7)
(56a - c); (62a - ¢); (63a-c), (65a-c) X =0 (a); S (b); NH (c).
(64a-e) X=0,A=1-methyl pyridinium-4-yl salt (a);
X =0, A= 1-methyl quinolinium-4-yl salt (b);
X =0, A= 2-methyl isoquinolinium-1-yl salt (c);
X =S, A =1-methyl quinolinium-4-yl salt (d);
X = NH, A = 1-metyl quinolinium-4-yl salt (e).
(66a - c); (67a - ¢) X = O, A= 1-methyl pyridinium-2-yl salt (2);
X =0, A= 1-methyl quinolinium-2-yl salt (b);
X =0, A= 1-methyl pyridinium-4-yl salt (c);
X =S, A = 1-methyl quinolinium-2yl salt (d);
X = NH, A = 1-methyl quinolinium-2-yl salt (e).
A series of some photosensitizers dimethine, bis dimethine and

tetramethine cyanine dyes containing furo, thieno and pyrrolo [2,3-
b] pyrazole nucleus were prepared [22], Scheme (8).

H.A. Shindy

Substituents in scheme (8)

(62a—-c), (63a—c), (69a—c): X =0 (a); X =S (b); X =NH (c).
(68a—h): X =0, Z=N, A= 1-methyl pyridinium-2-yl salt (a);
X =0, Z=N, A =1-methyl quinolinium-2-yl salt (b);
N, A = 1-methyl pyridinium-4-yl salt (c);
, A = 1-methyl quinolinium-2-yI salt (d);
N, A = 1-methyl quinolinium-2-yl salt (e);
S}

NN

O Zv O
T
N I
n z

,Z= @N-Mel, A = 1-methyl quinolinium-2-yl salt

SIX XXX

X=S2Z= @N-I\/Ieel, A = 1-methyl quinolinium-2-yl salt
()5 .
X =NH, Z = @N-Mel, A = 1-methyl quinolinium-2-yl
salt (h).
(70a-e), (71a—e): X = O, A = 1-methyl pyridinium-4-yl salt (a);
X =0, A =1-methyl quinolinium-4-yl salt (b);
X =0, A =2-methyl isoquinolinium-1-yl salt (c);
X =S, A= 1-methyl quinolinium-4-yl salt (d);
X = NH, A = 1-methyl quinolinium-4-yI salt (e).
(72a-g),(73a-9g): X=0,R=H (@); X=0,R=CH3 (b); X=0,R=
CeHs (c);
X =0, R = CgHs-p-OCHs (d); X =0, R =R = CgHs-p-
NO; (e);
X =S, R=CHjs (f); X=NH, R = CH;(9).

2-Cyanomethylene(2-ethoxy carbonyl methylene)-4,5-
dihydrothiazolo-[3,2a]oxazole (74a,b) were synthesized as starting
material to prepare meso-substituted mono-, tri- and hepta- methine
cyanine dyes [23], Scheme (9).

Substituents in scheme (9)
X = CN (a); COOEt (b).

Shindy synthesized a series of monomethine, dimethine, trime-
thine, styryl and aza-styryl cyanine dyes having naphthfuro[3,2-d]
pyrazole nucleus [24], Scheme (10).

Substituents in scheme (10)

(85a — c): A = 1-methyl pyridinium-2-yl salt (a);
A = 1-methyl quinolinium-4-yl salt (b);
A = 2-methyl isoquinolinium-1-yl salt (c).
(87a-c); (89a - c): A = 1-methyl pyridinium-2-yl salt (a);
A = 1-methyl quinolinium-2-yl salt (b);
A = 1-methyl pyridinium-4-yl salt (c).
(90a —f): X =H (a); OH (b); OCHjs (c); N(CHz3), (d); NO2 (e); CI (f).
(91a—c): Y =4.0H (a); Y = 2.0H, 5,6-benzosubstituent (b);
Y = 2.0H, 3,4- benzosubstituent (c).

A number of monomethine cyanine, trimethine cyanine, substi-
tuted trimethine cyanine, aza-cyanine and mixed cyanine dyes hav-
ing pyrazolo[4,5-d]Joxazole nucleus were prepared by Shindy, et al.
[25], Scheme (11).

Substituents in scheme (11)

(95a - c), (98a — c): A = 1-ethyl-pyridinium-2-yl salt (a);

A = 1-ethyl-quinolinium-2-yI salt (b);

A = 1-ethyl-pyridinium-4-yl salt (c).
(96a - c¢): A = 1-ethyl-pyridinium-4-yl salt (a);

A = 1-ethyl-quinolinium-4-yI salt (b);

A = 2-ethyl-isoquinolinium-1-yl salt (c).
(99a-e), (100a—-e): R=H (a); R = CH; (b); R =Ph (c);

R = Ph.OCHjs (d); R = Ph.NO; (e).
(101a-c): R=4-0OH (a); R = 2-OH,5,6-benzosubstituent (b);

R = 2-OH,3,4-benzosubstituent (c).
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