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Vinylogous series of symmetrical cyanine dyes containing the benzothiazole, ben-
zoselenazole, thiazole, and thiazoline nuclei were prepared. Very stringent conditions
were placed on the acceptability of these dyes. The dyes had to be chromatographically
pure, have a satisfactory elemental analysis and infrared spectrum, and be free of an
electron spin resonance signal. Vinylogous series of the bis-thiazolinyl, bis-4-methyl
thiazolyl, bis-4,5-diphenyl thiazolyl, bis-benzothiazolyl, and bis-benzoselenazolyl
cyanine iodides were prepared. All attempts to synthesize the bis-thiazolyl hepta-

methines were unsuccessful.

SYSTEMATIC SERIES of these dyes were synthesized
and their visible, infrared (10) and electron spin resonance
spectra (11) were obtained. Additionally, charge transfer
complexes were prepared from these dyes (12). The primary
purpose was to correlate dye structure with their sensitizing
properties on photographic film. Some of these dyes had
been previously made and were reported in the patent
literature frequently without melting points or other ele-
mentary physical data. Very stringent conditions were
placed on the acceptability of our dves. They had to be
chromatographically pure, analyze correctly after chrom-
atography for the required empirical formula, possess a
satisfactory infrared spectrum, and be free of an electron
spin resonance (free radical) signal.

SYNTHESIS

Monomethine Cyanines. These cyanines were prepared by
the reaction of the quaternary salt with amyl nitrite and
acetic anhydride (4).
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Initially, difficulty was encountered in obtaining correct
analyses for the monomethines. The problem was traced
to the fact that in a number of cases under the reaction
conditions, the iodide ion was converted to triodide ion.
Reduction with sulfur dioxide converted the I3 to the I ion.
An alternative route employed was the reaction of the
methyl mercapto quaternary salt with the 2-methyl quater-
nary salt (7, 8).
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The physical data for the monomethine cyanines are
given in Table I.
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Trimethine Cyanines. These cyanines were prepared by
reacting triethyl o-formate or triethyl o-acetate—where
a methyl group on the bridge was desired—and the corre-
sponding quaternary salt in the presence of pyridine as
catalyst (3).
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The physical data for the trimethine cyanines are sup-
plied in Table I.

Pentamethine Cyanines. The thiazolinyl and thiazolyl
pentamethine cyanines were prepared by utilizing 8-anilino-
acrolein-anil HC1 (5, 6),

2;’\6?);‘0“:"‘Q’JN'CH—CH-CH-NHQ')'HCIEA%::- i?j—cm&—cmw-cmi—,rr (4)
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or aminopyrimidine ethiodide (14),
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respectively, as the bridging agents.

The nonbridge-substituted benzothiazole and benzoselen-
azole cyanines were synthesized by reacting the quaternary
salt and tetraethoxypropane in the presence of pyridine
as catalyst (13).
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To introduce a bromine atom on the bridge, mucobromic
acid was reacted with aniline to give the mucobromic acid
dianil hydrobromide which was then reacted with the
quaternary salt (5, 6).

67



au0Jedy  ULIOJoIO[Y))
U0y  WIOJOIo[Y))
U030y  WLI0joIo[y))
U0y  WIOjOIONY))
apruIRULIO) [ouByIaN
[Aqeun(q
U018y  ULIOJOIO[Y))
U080y  ULIOJOIO[Y))
[oueyly U0y
ULIOJOIO[Y)  ULIOJOIOY()
uLI0JoIorY ) U039y
U090y  WLIOJOIO[Y))
(1:6) wIOjOIONYD ULIOJOIOY )
-au0)30y
U090y  ULIOJoIoO[Y)
U018y  WLIOJOIO[Y))
u0)Vy  UL0JoIo[Y)
2U013y  uuIojoIoy)
aU0)aYy  ULIOJOIO[Y))
U013y  WLI0JoIo[yD
ULIOJOIO[Y7y  ULIOJOIOY))
Juan[y JUIA[0S
Aydeidojewrony)

8V’ ¥¢
S9°1e

90°62

LLSe
§9°¢%
§6'82
12°LS
0£°8¢

V'8¢

9G6°LT

Y00t

12°81

0°ce

61°0¢

56'81.

61°2¢

LE've

K109y,

1%

8Gv¢

Sv'1¢

91°G2

¥8°Gé

08°%%

9.°6%

£0°L%

81°8¢

9¢°8¢

1691

16762

0¥°81

SV'1E

62°0¢

1061

£3°28

¥6'te

punog

1%

6£°¢1
¥6°92

99721

({181

6182

£9FI

0g¥1

8L°C1

L8'8

19°ST

K109y J,
38/5%

8¥°21
94°9%

0821

60°€T

£6'8

¥9°G1

punoyg
39S/8%

ov's

6G°G

Sv'9

£8°9

L€

SO'L

0L9

8TV

IT'L

6%'G

69'G

696G

68°F

98°G
019

L9

eLs

69°¢

£9°9

169

(4ia4

LO'L

99°9

STV

869

N %

vy
19°¢

8GY

0g'v

evV'e

S¥'e

Ty

39°G

61°G

6E°v

88V

6¥'G

19°¢6

LL'Y

¥e's

ov's

99v

98V

LTS

H%

v
69°¢

69'v

LEY

¥s'e

vL'e

80V

e

s

88V

60°'G

09°G

(4R

gLV

6€°G

60°G

v6'¥

L6’V

18°G

Al09yj, punoj AIOdYJ, Punoy
N %

H%

82°€S
£0'ey

L1°2S

(gt
vLov
8G°9¥
£6'87
£G4V

YL Gv

£6°GE

18'%9

09°¢¥

66°0¥

LL'E9

6£°6¢

L8°CY

89°G9

19°6¢

89°GE

K109Y,J,

D%

¥e'es
vLev

0v'2S

611G
6L°0¥
SC9Y
1L°8¥
0g'sy

£6°S¥

oV 9E

9699

09°%¥

L6°0V

£6°'99

09°6¢

8°cy

¥€'29

08°6¢

£9°6E

puno|

O %

L-99%
V93

9-GLg

8-L94
gLS
682
40¢
£-691

61

0g£-921

L-961

602

24!

6-LV%

09-8¥%

80¢

091

punoq
7O dIN

ap1po1 sutue£d surgjeurejued
[1K[0zenyrozuaqiAyIo-glsig-g

apIpot sury}awLI}
[1£[0zBUBEsSOZUSq[AYIA-¢ |SIH -

apIPOT 3UTUBAD

auryjeuIy) [Ayjou-6
[14[0zeryjozuaqiyya-glsig-g

9PIPOT SUTUBAD JUTYIIUILI)
[1410zenyrozusqiAyIa-glsig -3

9PIPOI SUTUBAD JUTY}oUWIOUOUI
—_%_oNﬂs_omogon_%ﬁw.m_wmm.m

9PIPOI SUTUEAD JUIY}IWOUOUT
[1&[ozemjozuaqAyjow-g|sig-g

3pIPOT AUMIBAD SUNYIIWOUOU
[1£10zeT30ZURq[AY)3-E[SIH -Z

apipo1 Sutue£d sunjjeurejdey
(Aurozenp)AyIo-¢sig -5

9pIpPOT dUIUBAD

sunpieurejuad | [K[ozeryy
TAYIPUI-p-[AqI0-E [SIF -G

JPIPOT AUTUBAD

aurgjaurejuad owroiq-g
[1Autjozerq)[Aq1e-¢Sid -G

9pIPOI1 dUIUBAD

aunyjeurejuad [[A[ozerys
-JAuayqdIp-g“p-[A1o-g[sig-3

apipot

autue£d auryjaurejuad
(1AurozeryyAyIa-gsig-3

IpPIpOT AUTURAD

aurjewL) [AYRW-/,
(1Aurozeryi[&qe-glstd -z

apIpot duTueAd

auryjowry [K[0zery)
-[Auoydip-¢‘p-[AYIe-¢ 1S -2

,3PTPOI SUTUBAD 3Ury}dwILL}
(1AutozeryyAyIo-gsig-g

apIpPo1 aUTURAD auyyjewILyy (14102
-BIAYeW-F-[AYIR-E ]8I -G

9pIpOT dUIUIRAD

sunyjewouowu [ [A[0zely)
-[Ausydip-G'i-[AY3e-gsig-2

9PIPO1 BUTUEAD dUTY}aUWOUOU |[A[0Z
-BIYAYIPW-F-[AYI0-g]SId -2

9PIPOT SUIIRAD JUIYIDOUOW
(14utozerypAyro-g]sig-g

punocduwo)

,SeuIUDAD) 8]0ZDUB|As0ZUSG PUD B|OZDIY40ZUSY ‘B|OZDIY] ‘BUNOZDIY] 3y} 40O s3sA|DUY |DJUAWa|] PUD ‘DiOQ siydoisBojowouy?) ‘sjutog Bunjow °} 8|qo}

JOURNAL OF CHEMICAL AND ENGINEERING DATA

68



(7)
Br r
H-Ca CHN“¢’1 ne
ETOH [@nec
r Br NH ——
L coon-a0 (®)
0= -
)—CHS C cr-cH- L]
il ®]-Her + 2 ©1 s %C” CT £t
N E\? were sﬂ‘d
[on- o thines - ric aci
tamet rbitu lene
le pen thioba thiazole )
thiazole ic or Ibenzo (thio
© enzo bitur -ethy idene et-
b T -3 li c
| ba a
o £ . lear the lene . ropyl the ired
g £ g The trlnuceacting ty1methi]idene'lsgpct Wlthhe desire
g 2 2 3 < ized by r 2-acetyl zolylide roduct 1d t
2 S 2 ized ith thla_ his p yie
='E £ 3 < < the.svatlve w Q-benzoeactmghtiodide to
23 3 < deriv ld the then r le et
3 E g g o yield acid, thiazo
ES < E g barbituric I benzo
A E g “g £ ba}"do-"in‘V
E S 3 3 _‘—'g anili 1). CH
= ) E S = © dye ( o=°_N_=o‘ o
- E ® = 5 © CHy 01“2 _ccHs
> 5 5 = © t=0 + C—N H‘\\N
= E = © ﬂ:icH‘ o /\ S CH- C er-on=e
S @© \/\ Z =
E2 © g & £t QCH3 \'\'f c © 9)
= o . g’l C\ Et ~ \C'o
a ] g «CH-N-¢ 0G ~CHy
s ? No i/\\@)_cH c~""\c/N
s C 3
Neeo 5
X - C -
- ~ - / CH- ° —NcHy re pre
= e e iven in tame loride ide as
= = aare gl The heph droch ethoz
© -« P @ ical dat ines-, dianil 1y sodium
& g £ - 2 hysic Cyan 1C ilizing
3 o = 3 Vo= Thep thine lutacon It, utili
SO = - = Heptame cting g ary sa
: 5 2 g £ g N
o ccg a o § 3 pare sponding q CH-ShecH-Che E‘*
© . e He EH
P © b= g Z 5 ;E nglyst (2). D HCT—= i"‘_’LC are
- =4 X g < [¢ H-N ines a
@ : = E £¢ +CH-CHaC £t anine
: ; g k= g%c CH +®Ns CH-CH=CH~ methine cy
; = = )— 3 ta
— x = = & E' ta
8 B 2 T 2 ical da
& -« =5 hysic L. d by
2 2 ~ E’ Z 5 The pin Table e Ii’rel:)areethy1
sk I 5 =g upplied alts were pre given i
~ < ik e o g3 S rnary s thyl 0 re given
~ s g s S% NTAL uate ith e tails a
3 = g T4 PERIME Its. The q oermental de CHLO-
% o ~ g _g = ~ EX nary Sa 'Ocycllc axperimen HYDRO con-
e o : o3 ; | ﬁ Quater he heter The e N ANIL tached tri-
. £ Z o ing t nate. OLEI lus at 3, 3-
© = g S & reaciCl ene sulfo r (9). ANILINOACRS flask If ) of 1’1'n’e Thg
< = -] u e _ las ole iline.
— 3 & ¥ _ p-tolue us pap -8 nd g 5 m f an » an
cl: g § :i é *E "é) aprezlgolng Agg(r)‘(')s_ml %Iéougrams ((]?O m0}11eo)ulo'sv CO(])JIIe]S The
: 8¢ Bri a d ms 1. 5 €00 from
e E §s Into e and 93 yra for 15 hours ized
2 5 23 RIDE. as cha nd 9 xed for ring tallize
- 3 s < & F denser w ropene a as reflu with st_lre recrys 0-ml.
z : o = S: ethoxyp 0% HOI added nd_ twic e
3 o : .2 metns m ) a n har
o w g -2 eaction 20% ed off IDE. as ¢ nd
b = z _; g Ié()() IIll't Ofvas ﬁlztgg206DS;{DROC:;L(?ORnden?eI_O};venZengctaion
-« o 0 = = duc p- IL he itrochlo re r
N < ¥ el = 2 c TO I, m. AN tac initro . The fo
- < p ol, D1 t -dinrt . . en
< g 5 oe E (2 meé}iil; aconic D plluS) o )4 a pyridine. The sthcoolef’
ey = e a -
3z & . lass mo rams at 6l e w 3,
I . 2 1 s (040 for S mintes & oo el e
3 B T 2% 71 g 0.4 m for eac ol 189~ ms
g5 4 A ted he r han . ra
< ~ g == 37‘6'5 n:‘la was };e?om Ci' Ed fronfl1 fltde m. Opfe), 42folgwer§
. i g = 2 ixtu 1z o) m a
s < & S = o 2 z Ifgxminutesdarecrys'tgilnium cilams (0.1b5S olute eﬁtiered’ anp
= 2 N g 5 an Tl 2.8 g of a 1 d, . m. p.
& 5 N s 5% ltered, I py t, 4 ml. coole loride,
& = S 2E fi - heny roduct, d 60 hour, droch
® g 55 dinitrop ve prodi e, an one h il hy E-3-
- — E ES abo niline, for diani LENE-
> £ = s The ) of a bath f the THYLE dide
- s g g ole am ive YLME thio .
Z #E 0.53 m a ste etog AcET iazole e idine
L. = ( d d on eton . 2- hiazo Yyl
=l te ith ac ides zot of p of
:% % :ch % é heashed wlth nine Iod ethylben'n 10 m1-25 mole) he
=5 ol Waoc. of Cya E. 2-M ended i (0.01 tion. T .
g = %.% g ‘-5“ :3; £ 142 paration HIAZOL;TWaS suSpO 98 gramth agltfar 20 min
O = = & g < g Pre ZOT le hen 0. w1 (o]
g L e g T, 5.5 2E2s s (01 mo T o e
' = £ . ) =2 € 5 HY (.0 °C. adu at
=55 2 L If é 5 sEgE ET()E; B o below o added & to stand
— > 2 15) = 2& £ ] @ e E g : ed k wa we
i 1 i IR and 1 lorid s o
SE £5 % e 28 2% 3 $£7% eaction mixt
£% g2 FES =8 2% s E %T‘ﬁi reactio
fl g > < L8 = s
Taiis %@%wgiozéﬁ%% TR
ﬁ%@ﬁﬁﬁmgﬁsg&iﬁﬁgﬁﬁ‘ 5
ao;ﬁﬁsgmzéaEEE@‘ ~
%SEEEE%E$5°E i
LRl FEpEE
o~ o
]

69
1965

1. JANUARY

10, No. 1,



utes, at room temperature for 30 minutes and finally heated
at 100° C. for 20 minutes. The reaction mixture was cooled,
pyridine removed under vacuum, diluted with water,
fitered, and recrystallized from Skelly C, m. p. 111-113°C.
2-(8-ACETANILIDOVINYL) BENzZoTHIAZOLIUM JODIDE. 2-
Methylbenzothiazole ethoidide [30 grams (0.1 mole)], 23.5
grams (0.12 mole) of diphenyl formamidine, and 170 grams
(154 ml.) of acetic anhydride were refluxed for 20 minutes.
The reaction mixture was then cooled, filtered, washed with
ether, and twice recrystallized from methanol, m. p. 219-
220° C.
2-B1s(3-ETHYLTHIAZOLINYL) MONOMETHINE CYANINE
IoDIDE. Amyl nitrite {3.45 grams (4.04 ml., 0.03 mole)],
10.2 grams (0.04 mole) of 2-methylthiazoline ethiodide, and
75 ml. of acetic anhydride were charged into the reaction
pot and heated at 65 to 80° C. for 20 minutes. The reaction
mixture was cooled, filtered, recrystallized from methanol,
and chromatographed over alumina, m. p. 307-310°C.
2-B1s(3-METHYLBENZOTHIAZOLYL) MONOMETHINE CYA-
NINE IoDIDE. 2-Methylbenzothiazole methiodide [2.4 grams
(0.08 mole)], 2.7 grams (0.08 mole) of 2-methylthiobenzo-
thiazole methiodide, 2.5 grams of triethylamine (0.025
mole), and 50 cc. of absolute ethanol were refluxed for 30
minutes. The reaction mixture was cooled, filtered, washed
with acetone, recrystallized from methanol and chloroform,
and chromatographed over alumina, m. p. 285-288°C.
2-B1s(3-ETHYLTHIAZOLINYL) TRIMETHINE CYANINE
IobIDE. 2-Methylthiazoline ethiodide [8.4 grams (0.033
mole) ] and 11 ml. of ethyl-o-formate were refluxed in 85 ml.
of pyridine for 30 minutes. The reaction mixture was cooled,
filtered and the product recrystallized from methanol and
chromatographed over alumina, m. p. 248-250° C.
2-B1s(3-ETHYLTHIAZOLINYL) PENTAMETHINE CYANINE
IoDIDE. 2-Methylthiazoline ethiodide [4.2 grams (0.017
mole) ], 2.2 grams (0.0085 mole) of §-anilinoacrolein anil
HCIl, 3.0 ml. of triethylamine, and 20 ml. of acetic anhydride
were charged into a 100-ml. flask with attached condenser.
The reaction mixture was refluxed for 10 minutes, cooled,
filtered, washed with ether, and recrystallized from meth-
anol, then chromatographed over alumina, m. p. 225°C.
2-B1s(3-ETHYL-4,5-DIPHENYLTHIAZOLYL) PENTAME-
THINE CYANINE IopIDE. 2-Methyl-4, 5-diphenylthiazolyl
[25 grams (0.1 mole)] and 20 grams (0.1 mole) of ethyl
p-toluene sulfonate were fused at 140° C. for 3 hours. After
the mixture was cooled, 11.1 grams (0.044 mole) of 2-amino-
pyrimidine ethiodide and 150 ml. of absolute ethanol were
added and refluxed for 1 hour. While still warm, the solution
was poured into 180 ml. of 5% KI solution with agitation.
The product was worked up and recrystallized from meth-
anol, m. p. 196-197°C.
2-Bis(3-ETHYLBENZOSELENAZOLYL) PENTAMETHINE CYA-
NINE IODIDE. 2-Methylbenzoselenazole ethiodide [25 grams
(0.1 mole) ] and 3.5 grams (0.01 mole) of tetraethoxypropane
were charged into a flask with attached condenser. The
reaction mixture was refluxed for 2 hours, cooled, filtered,
washed with pyridine, 2-propanol, and water, and chrom-
atographed over alumina, m. p. 225°C.
2-Bi1s(3-ETHYLTHIAZOLINYL) 9-BROMO PENTAMETHINE
CyaNINE loDIDE. Mucobromic acid {2.58 grams (0.01
mole) ], 2.05 grams (0.022 mole) of aniline, and 50 ml. of
absolute ethanol were heated for 1 hour on the steam bath.
The mixture was cooled, filtered, and washed with acetone
to afford the mucobromic dianil hydrobromide, m. p. 195~
196° C.

70

2-Methylthiazoline ethiodide [10.2 grams (0.04 mole)},
8.02 grams (0.021 mole) of mucobromic dianil hydrobro-
mide, 8.3 ml. of triethyl amine, and 100 ml. of absolute
ethanol were refluxed for 30 minutes, cooled, filtered,
washed with ether, chromatographed over alumina, and
recrystallized from methanol, m. p. 126-130°C.

2-Bis(3-ETHYLBENZOTHIAZOLYL) -9-[5-(1, 3-DIETHYL-2-
THIOBARBITURENOLIDE)| PENTAMETHINE CYANINE. 2-
Acetylmethylene-3-ethylbenzothiazole [4.38 grams (0.02
mole) ], 4.0 grams (0.02 mole) of n,n-diethylthiobarbituric
acid, and 25 ml. of acetic anhydride were charged into a
100-ml. flask plus attached condenser. The reaction mixture
was refluxed for 2 minutes, cooled, filtered, washed with
ether, and dried, m. p. 222-3°C. The above intermediate
product (2.68 grams), 5.8 grams (0.0129 mole) of 2-acetani-
lidovinyl benzothiazole ethiodide, 1.3 grams of triethyla-
mine, and 40 ml. of pyridine were boiled for 30 seconds,
transferred to a refrigerator overnight, and a small amount
of solid was filtered off next morning. The filtrate was
diluted with 1/2 liter of water and resultant precipitate
filtered, washed with cold water, slurried with methanol and
acetone, filtered off, and chromatographed over alumina,
m. p. 189-190.5° C.

2-B1s(3-ETHYLTHIAZOLINYL) HEPTAMETHINE CYANINE
IopIDE. 2-Methylthiazoline ethiodide {5 grams (0.02 mole) |
and 4.4 grams (0.015 mole) of glutaconic dianil HC] were
dissolved in 40 ml. of boiling absolute ethanol. A solution of
0.72 gram of sodium in 40 ml. of absolute ethanol was
dropped in with agitation and the heating continued for
2 minutes. The solution was cooled, the product filtered
off, slurried with acetone, washed with ether and dried, and
chromatographed over alumina, m. p. 162-163° C.
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