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Under mi ld  conditions 2-  and 4 -me thy lpy ry l ium sa l t s  r e ac t  with ethyl o r tho fo rma te  to give 
the i r /3-e thoxyvinyl  de r iva t ives .  Symmet r i ca l  and u n s y m m e t r i c a l  cyanine dyes were  synthe-  
sized by heating the l a t t e r  with 2- and 4 -me thy lpy ry l i um sal ts  or  N-methylquinaldinium p e r -  
ch lora te .  The pyry locyanines  r eac t  with pe rch lo r i c  acid to give b i spy ry l ium sal ts ,  and they 
a re  conver ted  to the cor responding  pyridine ba se s  by the action of ammonium ace ta te .  

We recently began a systematic study of the reaction of pyrylium salts containing active methyl groups 
with ortho esters [I]o 

In the present study in the reactions of 2- and 4-methylpyrylium and benzopyrylium salts with ethyl 
orthoformate we selected conditions that make it possible to obtain cyanine dyes or to stop the reaction at 
the step involving the formation of 2- and 4-fl-ethoxyvinylpyrylium salts~ The transformations that occur 
in this case can be represented by the following scheme: 

6"~c-cR~ .---  o")c=cr~ + .+ .. .-, 

2. HC(OC2Hs)3 § H § ~ HC(OC2Hs)2 + C2HsOH 

It 

+ - 0 /C=CI~CH--OC.H~ 

III 

,.. + 

IV 

The react ion  with 4-methylbenzopyry l ium sa l t s  p roceeds  at 30-35~ 2-Methylbenzopyryl ium sal ts  
fo rm 2-/~-ethoxyvinyl de r iva t ives  at higher  t e m p e r a t u r e s  (80-90~ More seve re  conditions (100-110 ~ and 
longer  react ion  t imes  a re  requi red  for  the reac t ion  of ethyl o r thoformate  with monocycl ic  [1] 2- and 4- 
me thy lpyry l ium sa l t s .  4 -Benzylpyryl ium sal ts  occupy an in te rmedia te  posi t ion with respec t  to the ac t iv -  
ity of the methyl  group in reac t ions  with ethyl o r thoformate :  

~"3 'I ~ "2c6M~ ~ H3 

This o rde r  of reac t iv i t i e s  is a lso  conf i rmed by the reac t ions  of these methy lpyry l ium sal ts  with their  fl- 
ethoxyvinyl de r iva t ives .  

The individuality of the compounds obtained and the comple teness  of the react ion  were  moni tored f rom 
the d i sappearance  of the signal of the protons  of the methyl  group of the s ta r t ing  py ry l ium sal t  and a lso  by 
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chromatography.  Signals of the protons of the vinyl group and of the methyl and methylene groups of the 
ethyl group are present  in the PMR spectra  of the P-ethoxyvinylpyryl ium salts.  

An absorption band at 1620-1635 em - t ,  which is charac te r i s t i c  for the stretching vibrations of the py- 
ryl ium cation, and a band at 1250-1240 em 4,  which is related to the stretching vibrations of an ether group, 
were isolated in the IR spec t ra  of the /3-ethoxyvinylpyrylium salts.  

A new absorption at 500-400 nm as compared with the s tar t ing methylpyryl ium salts appears  in the 
UV spectra  of the synthesized compounds. 

The presence  of a vinyl group is also confirmed by bromination,  which is easi ly realized by the addi- 
tion of an equimolecular  amount of bromine to a warm solution of the ~-ethoxyvinylpyryl ium salt in dioxane, 
The yields of the dibromo derivat ives  were 70-40%~ 

clot ClO7 

Cyanine dyes are formed by heating the 2- and 4-methylbenzopyrylium salts or 4-benzyl-2,6-diphenyl- 
pyrylium salt with their P-ethoxyvinyl derivatives; any pair of these components undergoes this reaction. 
The formulas of the synthesized pyrylocyanines are presented below. 

OH 

l t O ~ O / / " ' C  H = C H --C H ~k"-O "J'L"--~"O H HO CH =CH~--CH = 
clo~- cm~- 

V a, b VIII a, b .6H5 

C6Hs--C=CH --R 
I 

~ ]  ClO~ f ~  c6"5,---d c6"5 
C 6 H 5~'-0 ~ / \  C 6 H 5 .. I 

Vl a, b ClO~ IX ~ C 6 H :  

R C R ~ N / / ~ " C  N =C ~ --C H =(L._~O 
- 6 H ~ c l O  4 ClO4" CIH3 : -C6Hs 

VII a, b x 

--C--C6H 5 --HC 
il tl 

a R b ~  ; Vlb R = ~ ' J L  V-Villa R=lt; vb, VIII b R=COOC21t5; Vl 
VII b R = OH CBH 5 \C6H $ C6H5 ~ "O f ~ "OH 

In the absence of bases, 2-methyl-4,6-diphenylpyrylium and 4-methyl-2,6-diphenylpyrylium perchlorates do 
not form cyanines even on refluxing in acetic anhydride. Cyanine dyes cannot be obtained by heating these 
salts with /3-ethoxyvinylflavylium perehlorate or with their p-ethoxyvinyl derivatives or by condensation of 
the latter with 4-methylbenzopyrylium salts. 

The pyryloeyanines react with perehloric acid to give bispyrylium salts. This sort of formation of 
bispyrylium salts was previously described [2, 3] for monomethylidynepyrylocyanineo 

IV 

2filO~ 

Trimethylidynecyanines f rom monocyclie pyryl ium salts are  capable of exchanging a heterocycl ic  
oxygen for nitrogen~ Thus when cyanine VI is refluxed with ammonium acetate in acetic acid it is conver t -  
ed to pyridinocyanine XI~ 

C~Hs--C~CH HC--C6H 5 

CH~COONH4 ~ C  ~H ~ 

VI - Cld3COO------- ~ C6H5 oH5 C 5 C6H5 

XI 
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TABLE i. Pyrylocyanines 

O 

O 

Va 

Vb 

Via 

VIb 

VIIa 

Vllb 

Villa 

vTi  

282 

215 

2953 

30O 
Dec. 
2848 

278 

293 

285 

300 
Dec. 
242 

Found, % Calc., % 
Empirical 
forfiaula IR spectrum, 

C H CI C , H C1 

C21H15C108 

C2vHz3C1Ot2 

C49H35C108 

C41H29C107 

C33H~CIOs 

CzaH23C108 

C37HIgCIOa 

C3oH23CIO1o 

C3~H25C107 

C33H2~NC106* 

58,6 

7 
173,7 

67,4 

64,1 

62,4 

71,7 

66,4 

, ] i 

3,8 

4, ii 

4,5 

3,7 

3,5 

4,0 

4,5 

4,0 

8,0 585 34!82[ 

6,3,: 56,3,' 4,016,2 i 
- -  ] - -  _ _  _ _  

5,4 73,5 4,31 5,3 

_ _  _ I --I 

6,3 62,21 4,01 6,I 

5,3 70,8 4,2 5,9 

7,0 66,7 4,3 7,0 / 

zi '5" o , - d  
cm- E ~  " 

3500, 1640, 1620, 
1590, 1100 
3500, t725, 1700, 
1620, 1590, 1100 
1640, 1610, 1590, 
1095 
3550, 1640, 1625, 
1600, 1100 
1650, 1620, 1600, 
1100 
3550, 1645, 1625, 
1590, 1100 
3500, 1640, 1615, 
1590, 1100 
3500, 1725, 1625, 
1590, 1100 
3500, 1650, 1620, 
1590, I100 
3500, 1645 

r 745140,00 87,5 

700i53,84[100 

75O ]56,00 6O 

63O 14,55 6O 

745 42,22 100 

75O 53,84 73 

645 0,28 72 

650 2,31 86 

1645 5,24 52 

600 7,49 96 

Found: N 3.0%. Calculated: N 2.8%. 

The structure of XI was confirmed by chemical methods. It was shown that the condensation of 4-benzyl-2, 
6-diphenyl-N-benzylpyridinium perchlorate with ethyl orthoformate and subsequent treatment w ith 70% 
perchloric acid gives a compound identical to diperehlorate XII obtained from dipyridine XI and benzyl 
chloride with subsequent treatment with 70% perchloric acid. The transformations presented above indi- 
cate that both oxygen atoms in the pyrylocyanine undergo replacement by nitrogen. 

~ H2%H5 

C~H5J@\C6H 5 

CFO~ CH~C6H5 

H C (O C._,Hs) 3 
(CH3CO)20 

C6H5--C~Clt -C--C6H s 

C6H5 { / @ C 6 H  5 C6H5 I ~ C 6 H 5  
CIO~- CHzCGH5 CH2CGHs ~ 6H~ ~ 6H5 

.~ C---CH 

I, C6HsCHoC[, toluene 
XI 

HCIO4 C~ H~/~"N~'c6 H 5 C Coli~ 2. 

CH2C6H3 _ CH2C~H 5 
2CIO 4 
X|I 

A bathochromic shift of 40-70 nm as compared with the fi-ethoxyvinylpyrylium salts is observed in 
the UV spectra of the synthesized eyanines; an increase in the bathochromic effect is observed on passing 
from monocyclic to condensed pyrylium salts. 

EXPERIMENTAL 

The IR spectra of mineral-oil suspensions of the compounds were recorded with a UR-20 spectrom- 
eter. The UV spectra of acetic acid solutions were recorded with a Speeord UV-vis spectrophotometer. 
The PMR spectra of trifluoroacetic acid solutions were recorded with an RYa-2305 spectrometer with 
tetramethylsilane as the internal standard. Chromatography was carried out on Silufol in nitromethane- 
chloroform-acetic acid (i �9 1 : 1). 

Starting Methylpyrylium Salts. A Grignard reagent obtained from 3.7 ml of methyl iodide and 1.5 g of 
magnesium in 45 ml of absolute ether was added to a suspension of 0.016 mole of Y-unsubstituted pyrylium 
perchlorate in 60 ml of dry ether, and the resulting solution was stirred at room temperature for 20 min. 
It was then cooled with ice and decomposed with ammonium chloride solution. The ether layer was sepa- 
rated, washedwith I N sodium carbonate solution and water (three times), and dried with anhydrous sodium 
sulfate. Acetic anhydride (I0 ml) and 1.6 ml of 70% perchlorie acid were added to the dried ether solution. 
The resulting salt was removed by filtration and recrystallized from acetic acid. This method was used to 
obtain 2,6-diphenyl-4-methylpyrylium perehlorate (nap 270* [4]) in 60% yield and 4-methylflavylium perchlo- 
rate (rap 200 ~ 6]) in 40% yield. 
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2,6-Diphenyl-4-/?-ethoxyvinylpyrylium Pe rch lo ra t e .  A 0.3-g (1 mmole)  sample  of 2,6-diphenyl-4-  
methy lpyry l ium pe rch lo ra t e  was dissolved in glacial  acet ic  acid, and 0.4 ml  (2 mmole)  of ethyl o r thoformate  
was added to the hot solution. The solution was cooled to c rys t a l l i ze  out 0.32 g (80%) of a product  with mp 
194 ~ (from acet ic  acid). IR spec t rum:  1630, 1600, 1245, and 1100 cm -1. UV spec t rum,  Xmax, nm (a-10"~): . 
650 (27.03). PMR spec t rum,  5, ppm: s of a romat i c  protons  7.75, 7.5, 7.25; d of vinyl protons  5.88 and 
5.75; q 4.0 (Ctt2CH3); t 1.12 (CH2CtI3). R f  0o73. Found: C 62.3; H 4.9; C1 8.5%~ C21H19C106. Calculated: C 
62.5; H 407; C1 8.8%. 2 ,6-Diphenyl-4-o~-phenyl- f i -e thoxyvinylpyryI ium pe rch lo ra t e  with mp 200 ~ and R f  
0.75 was s imi l a r ly  obtained in 85% yield. Found: C 67.5; H 5.0; C1 7.4%. C2~H24C106, CaIculated: C 67.5; H 
5.0; C1 7.4%. IR spec t rum:  1635, 1590, 1250, and 1100 cm - i .  UV spec t rum,  ~max, nm (a-10-~): 710 (29.68). 

4 -P-Ethoxyviny l f l avy l ium Pe rch lo ra t e .  A) A 0 .4-ml  (2 mmole) sample  of ethyl o r thoformate  was added 
to a w a r m  solution of 0.3 g (1 mmole)  of 4 -methy l f l avyI ium pe rch lo ra t e  in n i t romethane  (30-35~ After  1- 
1.5 h, the mix tu re  was diluted with e ther ,  and the p rec ip i ta te  was removed  by f i l t ra t ion to give 0.32 g (90%) 
of a product  with mp 180-182 ~ and R f  0.70. IR spec t rum:  1620, 1600, 1245, and 1110 cm -1. UV spec t rum,  
Xmax, nm (~o10-3): 680 (25.79)0 PMR spec t rum,  5, ppm: s of a romat ic  protons  7.62, 7.12, 6.88; d of vinyl 
protons 6.32, 6.12; q 4.0 (CII2CH3); t 1.0 (CH2Ctt3). Found: C 6005; H 4.4; C1 9.6%. C19H17C10~. Calculated: 
C 60.5; H 4.5; C1 9.4%. 4- f i -Ethoxyvinyl -7-hydroxyf lavyI ium pe rch lo ra t e  with mp 204 ~ was s i m i l a r l y  ob- 
tained in 90% yield. IR spec t rum:  3550, 1620, 1600, 1250, and 1100 cm -1. UV spec t rum,  Xmax, nm (e.10-3): 
700 (36.84)~ Found: C 57.5; H 4.4; C1 8.9%. Ci9HI?C107. Calculated: C 58.0; H 403; C1 9.0%. 

B) A 1 .6 -ml  (0.01 mole) sample  of ethyl o r thoformate  was added to a solution of 0.3 g (1 mmole)  of 
4 -me thy l f l avy l tumperch lo ra t e  in acet ic  acid (100-105~ After  1-1~ h, the mix ture  was diluted with e ther ,  
and the prec ip i ta ted  4-f i -e thoxyf lavyl ium pe rch lo ra t e  was removed  by f i l t ra t ion to give 0.31 g (89%) of prod-  
uct. The samples  obtained by the two methods were  identical,  as demons t ra ted  by a compar i son  of the mel t -  
ing points of mix tu res  of the s amples  and the IR spec t r a  in the f ingerpr in t  region.  A s i m i l a r  p rocedure  was 
used to obtain 2 - / ? - e thoxyv iny l -7 -hydroxybenzopyry l iumperch lo ra t e  with mp 175 ~ in 66% yield. IR spec t rum:  
3500, 1630, 1590, 1245, and 1090 cm-4~ UV spec t rum,  ?~max, nm (~.10-~): 650 (23.42). Found: C 49.4; H 4.1; 
C1 11.3%. C13H13C107. Calculated: C 49.2; H 401; C1 11.2%. 

2,4-Diphenyl-6-(~, /? -d ibromo-/?-e thoxyethyl )pyryl ium Pe rch lo ra t e .  A 0 .05-ml  sample  of b romine  was 
added with s t i r r ing  to a solution of 0.4 g (1 mmole)  of 2,4-diphenyl-6--f i -ethoxyvinylpyryl ium perch lo ra te  in 
dioxane. After  12 h, the d ibromo der iva t ive  was removed  by f i l t ra t ion to give 0.41 g (71%) of a product  with 
mp 269-270 ~ (from acet ic  acid). IR spec t rum:  1620, 1590, 1520, and 580 cm -1. Found: C 45.0; H 3,8; C1, Br  
34.4%. C21H19Br2C1060 Calculated: C 44.8; H 304; C1, Br  34.7%. A s i m i l a r  p rocedure  was used to obtain 
the following compounds.  2 ,6 -Dipheny l -4 - (a , / ? -d ib romo- /? -e thoxye thy l )pyry l iumperch lo ra te  with mp 226 ~ 
was obtained in 75%yield, Found: C 44.6; H 3.3; C1, Br  3502%0 C21H19Br2CIO 6. Calculated: C 44.8; H 3.3; 
C1, Br  34.8. 7-Hydroxy--4-(c~,f i-dibromo-fl-ethoxyethyl)f lavylium pe rch lo ra t e  with mp 272 ~ was obtained in 
74.5 yield. Found: C 41.6; H 3.0; C1, Br  35.7%0 C19H17Br2C1OT. Calculated: C 41.2; H 3.1; C1, Br  35~ 

Bisf lavenet r imethyl idyne  P e r c h l o r a t e  (VIIa). A) A 0 .2-ml  (1 mmole) sample  of ethyl o r thoformate  
was added to 0.3 g (1 mmole)  of 4 -methy l f l avy l ium pe rch lo ra t e  in acet ic  a c i d - n i t r o m e t h a n e  (9 0-95~ After  2-3 
h, the solid was removed  by f i l t ra t ion to give 0.33 g (60%) of a product  with mp 284-286 ~ ( f rom acet ic  acid) 

[61. 

B) A 0.3-g (1 mmole)  sample  of 4 -methyl f lavyl ium pe rch lo ra t e  was dissolved in a mixture  of 2 ml of 
acet ic  acid and 1 ml of acet ic  anhydride,  and 0038 g (1 mmole)  of 4- f l -e thoxyvinyl f lavyl ium pe rch lo ra t e  was 
added to the hot solution. The mixture  was heated to comple te ly  d issolve  the sol ids.  I t  was then cooled, 
and the resul t ing g reen  pla tes  were  removed  by f i l t ra t ion to give 0.55 g (100gO of product .  The other  cya -  
nine dyes were  s i m i l a r l y  obtained (see Table  1). 

1 ,3 -Bi s (2 -pheny l -4 -benzopyry l ium)propeneDipe rch lo ra t e~  A 0.05-ml  (0.5 mmole)  sample  of 70% p e r -  
chlor ic  acid was  added to a solution of 0.3 g (0.5 mmole)  of VIIa in acet ic  acid.  A yellow substance c ry s t a l -  
lized out when the mix ture  was cooled. Workup gave 0.65 g (100%) of a product  with mp 300 ~ (dec.). IR 
spec t rum:  1650, 1625, 1600, and 1100 cm -1. Found: C 60.6; H 304; C1 10.5%o C33H24C12010 o Calculated: C 
60.8; H 3.7; C1 10.9%. A b i spy ry l ium sal t  with mp 300 ~ (dec.) was s i m i l a r l y  obtained f rom Vb. IR spec-  
t rum: 3500, 1725, 1645, 1620, 1590, and 1100 cm - t .  Found: C 48.4; H 3.2; C1 10.8%. C27H24C12Oi6. Calcu- 
lated: C 48.0; H 3.5; C1 10.5%. 

1,3-Diphenyl- l ,3-bis  (2 ,6-diphenyl-4-pyridyl)propene (XI). A 0.76-g (1 mmole)  sampIe  of Via was r e -  

Here  and subsequently,  s is singlet,  d is doublet, t is t r ip le t ,  and q is quar te t .  
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fluxed in acet ic  acid with excess  ammonium aceta te  for  2.5-3 h, a f t e r  which the mix ture  was poured into 
ice wa te r .  The co lo r l e s s  subs tance  that fo rmed  af te r  a few hours  was removed  by f i l t ra t ion to give 0.49 g 
(75%) of a product  with mp 90-92 ~ IR spec t rum:  1610, 1590 cm -1. Found: C 89.8; H 5.0; N 4.3%. C49H36N2. 
Calculated:  C 90.2; H 5.5; N 4.3%. 

1 ,3-Diphenyl - l ,3 - (1-benzyl -2 ,6-d iphenyl -4-pyr id in ium)propene  Diperch lora te  (XII). A) A 0.65-g (1 
mmole)  sample  of XI was refluxed in toluene with 0.3 ml (2 mmole)  of benzyl  chloride for  2-3 h. The mix-  
ture  was cooled, and the p rec ip i t a t e  was removed  by f i l t ra t ion and conver ted  to the d ipe rch lo ra te  by the ac-  
tion of 0.3 ml  of 70% pe rch lo r i c  acid in acet ic  acid.  The yield of product  with mp 300 ~ (dec.) was 0.6 g (60%). 
Found: C 73~ H 5.0; C1 7.1; N 2.5%. C63HsoN2Cl~O 8. Calculated: C 73.2; H 4.8; C1 6.9; N 2.7%. 

B) A 0.51-g (1 mmole)  sample  of 2 ,6-d iphenyl -4-benzyl -N-benzylpyr id in ium pe rch lo ra t e  was refluxed 
with 0ol ml  (0.5 mmole)  of ethyl o r tho fo rmate  in acet ic  anhydride for  8-10 h. The mix ture  was then cooled, 
and the solid was removed  by f i l t ra t ion and conver ted  to the d iperch lora te  by the action of 70% pe rch lo r i c  
acid in acet ic  acid.  The yield of product  with mp 300 ~ (dec.) was 0.8 g (80%). The subs tances  obtained by 
methods A and B were  identical  (according to the IR spec t r a  at 600-1800 cm-1).  

Io 
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