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A NOVEL METHOD OF THE SYNTHESIS OF HIGHER 
POLYMETHINIUM SALTS 

S. M. MAKIN, N. V. MONICH, 0. A. SHAVRYGINA, M. I. BEREZHNAYA, 
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M. V. Lomonosov Institute of Fine Chemical Technology, Moscow, USSR 

(Received in the UK 8 Jonuary 1%9; Acceptedfor publication 5 May 1969) 

Absiract-A novel synthesis of higher polymethinium salts is based on the condensation of glutaconic 
aldehyde acetals (II) with vinyl alkyl ethers and alkoxydienes followed by the acidic hydrolysis of the inter- 
mediate adducts (III, V. VI and VII) in the presence of primary or secondary amines. 

HIGHER polymethinium salts (I) containing over 5 C atoms in the chain are of 
great theoretical and practical interest. 

>N+CH~H),CH=P~< 3 

The majority of known methods of synthesis have little practical value’-’ or 
can be applied only to unbranched chain compound.s.“g The method based on acidic 
hydrolysis of some 2-alkoxy-A’dihydropyran derivatives” has been used only for 
the preparation of some heptamethinium salts. 

The new method of synthesis of higher polymethinium salts, both straightchained 
and branched, was expanded by the condensation of glutaconic aldehyde acetals with 
vinyl alkyl ethers and 1-alkoxydienes. 

Glutaconic aldehyde acetals (II) were obtained by the reaction of 2,6dialkoxy-A3- 
dihydropyrans I1 with alcohols in the presence of hydrogen bromide. 12- 1 ’ 

\ 

n 
+ Rok-4 ~R~),cI~CH,CH=CHCH(OR), 

RO 
0 

OR II 

Heptamethinium salts 
The condensation of equimolecular proportions of vinyl and propenyl alkyl ethers 

with glutaconic aldehyde tetraalkylacetals proceed specillcally with the c#un- 
saturated acetal end of the molecule, the principal product being 1,1,3,7,7,-penta- 
alkoxyhept4ene derivatives (III), without telomer production.” This is in accord- 
ance with the mechanism of the condensation of acetals with vinyl alkyl ethersI 

The hydrolysis of the resulting products (III) in the presence of primary or secondary 
amines (aniline, methyl anyline, tetrahydroquinoline) occurs with the elimination of 
alcohol and the formation of heptamethinium salts (IV). 

The reaction proceeds under very mild conditions and is complete in 2&30 min at 
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R’ OR 

(II) + L H==CHOR = (RO),CHCH,CH=CH I: H-_CHcH(OR), - 

IV 

R = CH,, C2H, 

room temperature to produce blue-green crystals with a metallic glitter.“j The 
heptamethinium salts obtained are given in Table 1. 

Nonamethinium salts 
Polymethinium salts containing over 9 C atoms in a chain result from the condensa- 

tion of glutaconic aldehyde acetals with 1-alkoxydienes,“* I8 The q&unsaturated 
alkoxyacetals formed react with another molecule of 1-alkoxydiene to produce a 
mixture of unsaturated dialdehydes alkoxyacetals (V). The composition of the mixture 
depends upon the initial molar ratio of reagents. Twofold excess of the acetal is re- 
quired to increase the percentage conversion in the first condensation. 

Glutaconic aldehyde acetals react with cyclic I-alkoxydienes such as l+(ethoxy- 
vinyl)-cyclohex-l-ene, and l-B(ethoxyvinyl)-cyclopent-1-cne, to afford the corres- 
ponding products (VI and VII). 

(RO),CHCH,CH*HyH (2. HCH(OR),; (RO),CHCH,CH*HyH CHCH(OR)2 

bR VI bR VII 

1,1,5,9,9-Pentaalkoxynona-2,6-diene derivatives (V, n = 1) similar to the lower 
homologs were converted into nonamethinium salts (VIII). All the reactions occur at 
room temperature or under mild cooling, to produce high yields of the required com- 
pounds. Aniline, ptoluidine, pchloroaniline, m-trifluoromethylaniline, N-methyl- 
aniline, N-ethylaniline or tetrahydroquinoline were used as a base. The compounds, 
produced in this way, are listed in Table 2. 

II + L==!xHOR 3 

OR R’ R’ R’ OR 

- (RO),CHCH,CH=CHt!H-(~H-tkkH)m~R 

V 

R’ RZ R3 

v (n = 1) ==&=&-cH=P;( E‘I 
VIII 

R=Me, Et; R’, R’, R’=H, Me; n = 1,2,3 
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The above method is convenient for the synthesis of both straight chain nona- 
methinium salts and those with alkyl substituents in different positions of the polyene 
chain, as well as alicyclic compounds containing five (IX and X) or six (XI) numbered 
cycles in a conjugated chain (obtained from compounds VI and VII (Table 2). 

Undecamethinium salts” 
The condensation of 1,1,5,9,9-pentamethoxynona-3,6diene (V, R = Me, R’ = 

R2 = R3 = H, n = 1) with vinyl ethyl ether affords 1,3,7,11-pentamethoxy-l- 
ethoxyundeca-4,8-diene XII, which on treatment with dilute hydrochloric acid in the 
presence of tetrahydroquinoline yields undecamethinium salts (XIII ; 5,800 mu) in 
good yield. 

V (R=Me, R’=RkR’=H, n = 1) + CH,==CHOCIH, s 

/r 
04J43 

CL 

OCH3 

- (CH,O),CHCH,CH=CH L 

m OCH, \ 

HCH,CH=CH HCH,CH< 
HCI 

M_ 

XII O&H5 

- C9H10N+CH=CH)&H=rjC,HloCI 

XIII 

Fig. 1 

VW 500 600 700 

,t*w 

Absorption spectra of polymethinium salts I-IVa; 2-IVb; 3-IVc; GIVd. 
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*oo 500 boo 700 
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FIQ. 2 Absorption spectra of polymethinium salts I-VIIIa; 2-VIIIb; 3-VI&: 4-VIIIc; 
5-VIIId. 
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FKL 3 Absorption spectra of polymethinium salts I-VIIIf; 2%VIIIg; 3-VIIIh; 4-VIIIi; 
5-VIIIj. 
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FIG. 4 Absorption spectra of polymetbinium salts l---IX; 2-X; %-XI; &XIII. 

U V and visible spectra of polymethinium dts 
All polymethinium salts are characterized by a single narrow band in the visible 

region of the absorption spectra (Figs. l-4). The extention of the polymethinium chain 
results in the usual bathochromic shift. 

N-Methylaniline derivatives exhibit their max 3540 mp shorter than aniline deriva- 
tives (e.g. IVa and IVd, or VIIIa and VIIIf), and tetrahydroquinoline compounds 
shift the absorption 5 rnp to longer wavelengths as compared with their aniline 
analogues (e.g. IVa and IVb, VIIIa and VIIIb). 

The introduction of the alkyl groups conjugated with positive charged N atom of 
H H 

the polymethinium salts (compounds a) causes a bathochromic shift (15-17 mp) 
(e.g. VIIIb and VIIIi) but no shift was observed for nonconjugated derivatives 
(compounds b) (e.g. VIIIa and VIIIh, VIIIb and fl. 

H H 
H H 

3 

H H 

F: 3 7 
)&CH-(C=CH~-N( - )N-cH=(C-CH),=1;( 

Products with alicyclic substituents in the conjugated chain exhibit a bathochromic 
shift (35-39 mp) as compared with unsubstituted compounds (e.g. VIIIa and IX, XI ; 
VIIIf and X). 

EXPERIMENTAL 

Condensation of glutaconic aldehyde tehumethyl acetol (II, R=Me) with methylpropenyl ether, and con- 
version of111 into heptamethinium salts (Table 1) 
Glutaconic oldehyde tetramethyl acetal (II, R=Me). 2,6-Dimethoxy-A5dibydropyrm (1136 g) was 
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