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NOVEL POLY~THINE DYES DERIVED FROM AMINALS AND 

AMINAL-ACETALS OF CONJUGATED m-DI~THYLAMINOALDEHYDES 

Zh. A. Krasnaya, T. S. Stytsenko, UDC 5~2.91:547.447:547.339.2:668.819.45 
V. I. Avdeeva, and D. Ya. Shagalova 

In a previous study [I] of the condensation reactions of aminals and aminal-acetals of 
conjugated m-dimethylaminoaldehydes (I) (n = 0-2, R ffi H, Y OMe, NMe 2) with malondinitrile, 
it was found that, in addition to the principal reaction products, conjugated m-dimethyl- 

CN 
aminodinitriles Me2N(CH=CH)nCH=C(CN ) 2, tetracyanopolymethines cN>CH--(CH=CH)nCH=C(CN)2 

were also isolated, in yields of 12 (n = i), 36 (n = 2), and 18% (n = 3), respectively. 

Tetracyanopolymethines (TCPM) are anionic polymethine dyes, which may also be of inter- 
est as anionic components in the preparation of cation--anion dyes. 

In the present paper we have developed conditions for the preparation of TCPM in high 
yields, and have also prepared for the first time a series of y-functionalized tetracyano- 
pentadienes : 

(I) ( i i ) - - ( x i )  

(-l): n = t ,  R = H, Me, Ph ,  CI, Br, CN, OEt, NMe2; n = 2, R = H; n = 3, R -  H; 
Y = OMe, NMe2; ( I I ) - - (XI ) :  n and  R a r e  g i v e n  i n  T a b l e  1.  

Aminals and aminal-acetals of (I) readily undergo condensation with CH=(CN)= in benzene 
solution at 200C in the absence of a catalyst. At a (1):CH2(CN)2 ratio equal to 1:2, com- 
pounds (II)-(XI) are formed; their structures and properties are given in Table i. 

These newly synthesized TCPM are, with the exception of compounds (IV), (IX), and (X), 
easily isolated from the reactionr mixtures in the form of their crystalline dimethylammonium 
salts; (IV), (IX), and (X) were isolated by chromatography on Si02. 

The conjugated m-dimethylaminodinitriles which were obtained under the conditions 
described above were formed in small amounts (<10%) and remained in CHCI3 solution after the 
isolation of the TCPM. Only the dinitriles Me2NCH~C(R)--CH~C(CN)2 ((XII): R = NMe=, and 
(XIII): R = Ph) were formed in higher yields of 20-25%. 

The structures of the TCPM were confirmed on the basis of their PMR spectra (for com- 
pounds (II)-(XI)), and also using ISC-~4R spectroscopy (compound (II)) (Table i). The chemi- 
cal shifts (CS) of the olefinic carbon atoms in the :sC-NMR spectrum of (II) reflect alter- 

CN . +_ + 2 CN 
nating T-electron density > ~ <  NH~Me. The CS of C~ + with a T-electron density 

CN ~ v = CN 

deficit is shifted downfield substantially (~ = 157.97 ppm) compared to (Ca) and (Cy), for 
which the CS values are 54.33 and 108.15 ppm, respectively. The very strong upfield shift 
of C~ is due to the influence of the two CN groups attached to C a . 

Based on the electronic spectra of the TCPM (Table i), it is clear that %max undergoes 
a bathochromic shift of i00 nm upon extension of the polymethine chain by one (CH=CH) unit 
(compare compounds (II), (X), and (XI)); introduction of a substituent in the meso-position 
(with the exception of (VII)) exerts only a very small change on the position of the absorp- 
tion maximum (A% < ii nm). 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Moscow. 
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. i, pp. 92-98, 
January, 1989. Original article submitted October 26, 1987. 
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Fig. i. Electronic absorption spectra of dyes in EtOH (a) 
and C6H~ (b) : i) (XXIV) ; 2) (XV), 3) (XXV). 

The cation (H + or +NllaMea) in these TCPM can be easily replaced by a cationic cyanine 
dye, resulting in the formation of the cation--anion cyanine dyes (XIV)-(XXV) in high 
yields; the structures of these dyes are given in Table 2. 

The electronic spectra of these newly synthesized cation--anion dyes were investigated. 
In polar solvents (EtOH) the spectra contain two bands (Fig. la, curve i), corresponding to 
absorption of the cationic and anionic components, respectively. When the absorption maxima 
of the two components are similar in wavelength, the bands coalesce to form one very intense 
absorption band (Fig. la, curves 2 and 3). Thus, for example, dye (XV) contains one absorp- 
tion band in EtOH, Xmax 444 nm (~ 208,000), while its constituent dyes (II) and K=+Ts - 
exhibit Xmax 440 nm (~ 84,000) and 448 nm (c 120,000). 

As the index of refraction of the solvent is increased there is an accompanying charac' 
teristic shift of both absorption bands toward longer wavelength. This trend is followed in 
weakly polar solvents for most of the newly synthesized dyes, which is indicative of the 
universal nature of the effect of medium on the absorption spectra of these dyes, and of the 
absence of specific cation-anionic interaction in these solvents. Dyes (XV), (XXIV), and 
(XXV) are exceptions to this rule; in low dielectric constant solvents, such as benzene, or 

mixtures of tetrachloroethane or CCI~ with CH=CI2 (9:1), the electronic spectra of these 
dyes contain, in addition to the absorption bands of the cationic and anionic components, 
respectively, a new short-wavelength band (Xmax 400-420 nm) (Fig. 11)). Since the ratio of 
band intensities does not depend on the dye concentration, the formation of this additional 
absorption band cannot be due to the effect of aggregation. The absorption spectra of the 
anionic dyes (II), (III), and (VII), and of the cationic thiazolinocarbocyanine tosylate dye 
(K=+Ts-), which are the anionic and cationic components, respectively, of dyes (XV), (XXIV), 
and (EXV), do not contain these additional bands in analogous solvent systems. Based on 
these results we conclude that the absorption band in the 400-420 nm region for (XV), 
(XXIV), and (XXV) is due to specific cation--anion interactions within the dye molecules. 
This requires not only interaction of the chromophoric systems in the cationic and anionic 
components, but also stabilization via hydrogen bond formation between the nitrile groups in 
the anion and the heterocyclic methylene groups in the cation. It should be noted that the 
presence of only one of these factors is not sufficient to give rise to the appearance of 
specific cation--anion interaction. 

In the type of complex formed by dyes (XV), (XXIV), and (XXV), the cation and anion are 
located in parallel with one another and stabilized in two directions via interaction of 
their terminal groups. 

Et 8+'Et 
T I 

H2C--N N--CH~ 

H~ S ~ / \ /  S CH - -  - -  2 

N~C C~N 

N~C + + C~N 

When s t a b i l i z a t i o n  c a n  o c c u r  f rom o n l y  one  d i r e c t i o n ,  s u c h  a s  i n  dye  ( X V I I I ) ,  due  t o  d i f f e r e n t  
l e n g t h s  o f  t h e  c h r o m o p h o r e s  i n  t h e  two c o m p o n e n t s ,  t h e  i n t e r a c t i o n  i s  n o t  s u f f i c i e n t  t o  g i v e  
r i s e  t o  an  a d d i t i o n a l  a b s o r p t i o n  b a n d  due  t o  c o m p l e x  f o r m a t i o n .  
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The photographic properties of the cation--anion dyes (XX), (XXI), (XIV), and (XIX) 
were studied in an ammoniacal silver bromide--iodide emulsion, according to [2]. 

It was found that the absorption spectra of these dyes in the emulsion contained bands 
due to the cationic and anionic components only. As sensitizers these dyes were found to be 
somewhat better than their corresponding cationic dyes, resulting in 20-25% higher light 
sensivity of films than the carbocyanine dye Ks+C1 - and the dicarbocyanine dye K~+I -. 

EXPERIMENTAL 

Electronic absorption spectra were measured on Specord UV-VIS, Specord M-40, and SF-20 
spectrophotometers, respectively; PMR spectra were recorded on a Tesla BS-467 spectrometer 
at an operating frequency of 60 l~z, while high resolution and 13C-{IH} decoupled spectra 
were obtained on a Bruker WM-250 spectrometer at a 13C operating frequency of 62.89 ~{z. 
Compounds in the series (I) were prepared according to [i]; the ratios of aminal (Y = NMe2) 
and aminal--acetal (Y = OMe) in (I) were determined by NMR and found to be 9:1 (n = I, 
R = H, Me, F, CN, CI); 2:3 (n = I, R = Ph; n = 3, R = H); 8:2 (n = i, R = Br); 3:1 (n = i, 
R = OEt); 0:i (n = I, R = NMe2); i:0 (n = 2, R = H). 

General Procedure for the Synthesis of Tetracyanopolymethines. To a suspension of 12 
mmoies CH2(CN)2 in 2 ml dry benzene was added 6 mmoles (I) in 4 ml dry benzene. After 1 h 
the reaction mixture was evaporated under vacuum. Compounds (III), (V)-(VIII), and ((XI), K = 
NH2Me2) were isolated by the addition of 5 ml CH2CI 3 to the residue and filtration and wash- 
ing of the precipitate with 5 ml CHCI~. 

In order to isolate (II) (K = NH=He2) the concentrated reaction mixture was dissolved 
in i0 ml absolute MeOH, cooled, and Me2NCH~-CH--CH=C(CN)= was removed (10%). The methanol 
solution was evaporated under vacuum. To the residue was added 5 ml CHCI3 and (II) (K =" 
NH2Me =) was isolated and washed with an additional 5 ml CHCI 3. 

Compounds (II) and (XI) (K = H) were isolated by preparative TLC; (II) and (XI) (K = 
NH2Me2) on Si02 (EtOH:NH~OH, 14:1). In order to isolate (X) the concentrated residue from 
the reaction mixture was washed with CHCI3 and subjected to preparative TLC on Si02 (EtOH: 
NH4OH, 14:1), then leached out with EtOH. Compounds (IV), (IX), (XII), and (XIII) were iso- 
lated after chromatography of the concentrated residues on SiO=. The dinitriles (XII) and 
(XIII) were isolated by leaching with CHCI3, (IV) and (IX) by leaching with a mixture of 
EtOH:NH~OH, 14:1. (XIII) was prepared in 80% yield by carrying out the react$on in absolute 
MeOH for 48 h at 20~ (XII), mp 140-142~ UV spectrum (%max, nm, EtOH): 380 (e 47,500). 
PMR spectrum (CDCI3, ~, ppm): 2.45 (6H, NMe2), 3.10 (6H, NMe2), 6.95 (IH, H 8 or H6), 6.63 
br S (IH, H 8 or H~). Found: C 62.97; H 7.11; N 29.47%. CIoHI~N4. Calculated: C 63.16; 
H 7.37; N 29.47%. (XIII), mp 158-161~ (from ether--MeOH, 1:2). UV spectrum (%max, nm, 
EtOH): 378 (86,159). P~ spectrum (CDCI3, ~, ppm): 2.48 and 3.15 (6H, NMe2), 6.98 br s 
(IH, H 8 or H~), 7.12 (IH, H 8 or H6) , 7.2-7.45 (5H, Ph). Found: C 75.77; H 5.93; N 18.58%. 
C14H~3N3. Calculated: C 75.34; H 5.83; N 18.83%. 

Cati0n--Anion Dyes (XIV)-(XXV). Prefiltered solutions containing 0.i mmole of the 
cyanine dye (K3+I -, K4+I -, K6+I - in a mixture of 25 ml EtOH and 5 ml CH2C12; K2+Ts - in 5 ml 
EtOH; K~+Ts - and Ks+C1 - in 15 ml EtOH) were layered with a solution containing 0.1m mole of an 
one of the anionic dyes (II)-(XI) in 3-5 ml EtOH. The resulting dye was isolated either im- 
mediately in the form of a precipitate (XIV) and (XX), or else after evaporation of the solvent 
under vacuum and the addition of 3-5 ml H20. The dye was washed with H20, EtOH, and ether, 
and dried. 

CONCLUSIONS 

i. A series of tetracyanopolymethines has been synthesized by condensation of aminals 
and aminal--acetals of conjugated ~-dimethylaminoaldehydes with malonodinitrile. 

2. These tetracyanopolymethines can be used as the anionic components in cation--anion 
cyanine dyes. 

3. The electronic absorption spectra of these newly synthesized dyes were studied in 
both polar and nonpolar solvents. Specific cation--anion interaction and complex formation 
has been shown to occur in several of these cation--anion dyes in nonpolar solvents. 
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OXIDATIVE ~-CHLORINATION OF ALIPHATIC ALCOHOLS IN 

THE SYSTEM LEAD TETRAACETATE--~TAL CHLORIDE* 

N. I. Kapustina, A. V. Lisitsyn, 
and G. I. Nikishin 

UDC 542.943.7+542.944:547.26 

Alkoxy radicals containing at least four carbon atoms in the chain are capable of under- 
going rearrangement in solution with 1,5-H and 1,6-H migration (KI.5_n/K1.6.H ~ 10 [2]). Pre- 
cursors of the alkoxy radicals may be alkanols, alkyl hypochlorites, alkyl nitrites, or alkyl 
hydroperoxides [3]. 

Functionalization of carbon-centered radicals at the radical center by external reagents 
gives functionally substituted alcohols, while intramolecular functionalization affords five- 
membered cyclic ethers. For example, oxidation of aliphatic alcohols with five or more car- 
bon atoms by lead tetraacetate (LTA) gives mostly u-alkyltetrahydrofurans [4], whereas photo- 
chemical decomposition of alkyl hypochlorites and reduction of alkyl hydroperoxides by 
Fe(ll) chloride produces mainly the ~-chloroalkanols [5, 6]. 

We have now examined the oxidation of primary, secondary, and tertiary C5--C11 aliphatic 
alcohols (I) in the system LTA--metal chloride, in order to determine the influence of the 
structure of the alcohol on the course of oxidation, and to synthesize ~-chloroalkanols. 
The reaction was carried out in benzene at 80~ The principal product of the reaction was 
found to be the ~-chloroalkanol (II). To a small extent, (I) was oxidized to the r 
alkanol (III), the carbonyl compound (IV), and the substituted alkyltetrahydrofuran (V), the 
overall yield of (III)-(IV) being 5-10%: 

R ~ R 4 R 2 R 4 

I Pb(OAc)~--h{Cln 
R OH > HZ/~[ / OH ~- 

B I R 3 
HI R3 

(I) (ID 

C1 R~ R4 R2 R 4 

-F R OH + R / . %0  --~- / \ ~  J.... R a 

R I R a 
( I I  I) ( I V )  . (V)  

R 1, R ~, R a, R4and RS=H, a l k y l  C1--C5, CQHs; M = Li, Na, K, Mg, Ca; n = 1,2. 

EPR was  u s e d  t o  d e t e c t  t h e  r a d i c a l  s t e p s  i n  t h e  o x i d a t i o n  o f  a l c o h o l s .  I t  was  f o u n d  
t h a t  t h e  r e a c t i o n  b e t w e e n  LTA a n d  1 - h e x a n o l  i n  b e n z e n e  i n  t h e  p r e s e n c e  o f  C - p h e n y l - N - t e r t -  
b u t y l n i t r o n e  (PBN) g a v e  r i s e  t o  a t r i p l e t  o f  d o u b l e t s  i n  t h e  EPR s p e c t r u m  (a  N = 1 3 . 8 ;  a~  tt = 
1 . 9 0 e )  f o r  t h e  s p i n  a d d u c t  (SA) o f  t h e  a l k o x y  r a d i c a l s  (A) w i t h  PBN. R a d i c a l s  o f  t y p e  (A) 
were also detected in the reaction of l-hexanol with the system LTA--LiCI in the presence of 
PBN. The formation of carbon-centered secondary radicals was observed in the oxidation of 
l-hexanol with LTA in the presence of 2-methyl-2-nitrosopropane (MNP). The EPR spectrum of 

*For previous communication, see [i]. 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, ~scow. 
Translated from Izvestiya Akademii Nauk SSSR, Seriya kqhimicheskaya, No. i, pp. 98-105, 
January, 1989. Original article submitted September ii, 1987. 

86 0568-5230/89/3801-0086512.50 ~1989 Plenum Publishing Corporation 


