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It is shown that 2-dimethylamino-3-isopropyl(3-dimethylamino)-2H-pyrans are formed 
in the condensation of aminal acetals of a-isopropyl-or ~-dimethylamino-B-dimethyl- 
aminoacroleins with B-dicarbonyl compounds. It was observed by means of IH and 
13C NMR and UV spectroscopy that they do not undergo valence isomerization to 6- 

dimethylamino dienones. Under the influence of pulse photoexcitation the 2H-pyrans 
undergo reversible cleavage of the C--O bond and isomerization to the corresponding 
dienones. 

We have previously sho~ [i-5] that a dynamic equilibrium between open dienone form D 
and cyclic 2H-pyran form P is established for dienones: 

X RCO~ //~/X 

R~co~C~CH-C~C ~R 4 ~ ' R3 

RI / ~O/~R4 
D p 

In view of the strong steric interaction between one of the a-substituents and the y- 
proton, replacement of the latter by a CH3 group shifted the equilibrium completely to favor 
2H-pyran P [3, 4]. 

In unsubstituted 6-amino dienones of the type 

R--CO a ~ ~' 6 
R 1 _. CO .~ C -'-- CH-  C l l - ~ C ~ M e 2  

a pyran form was not detected. However, a dynamic equilibrium between the 6-amino dienones 
and the corresponding 2-amino-2H-pyrans, which was studied by means of IH and ~C NMR, UV, 
and IR spectroscopy and pulse photolysis, was established when Me, Ph, or C1 substituents 
were introduced into the y position of these dienones (Table 1-4). 

Since the amino group in the 2H-pyrans deviates from the conjugation chain, their ab- 
sorption band in the electronic spectra is shifted substantially to the short-wave region 
as compared with the 6-amino dienones. Owing to the pronounced difference in the electronic 
absorption spectra of the open and cyclic forms the reversible valence isomerization 6-amino 
dienone ~ 2-amino-2H-pyran was responsible for the solvato-, thermo-, and photochromism of 
these compounds. 

In a continuation of our study of a new class of simple photochromes, in the present 
research we accomplished the synthesis of 6-amino dienones that contain a bulky substituent -- 
an iso-Pr or N}le2 group- in the y-position. 

As the starting compounds we used the previously unknown a-isopropyl-B-dimethylamino- 
acrolein aminal acetal (Ia) and a-dimethylamino-B-dimethylamino-acrolein aminal acetal (Ib), 
which were obtained from the corresponding perchlorates by the action of MeOK in C6H6 as 
described in [ii]: 

+ 
~e~ .NCH:~C. - -CH~NMe~  C | O ~ "  ~ Me2NCH--C - -C; |  

~ OMa 
|aob ia X : i-Pr bX = NMe= 
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TABLE 6. Rate Constants and Activation Parameters of the 

Valence Isomerization D ~ P 

C O I T I -  

pound 

Ila 
Ilia 
IVa 
lib 

IVb 
Va 

) * 
-lna x ' 

r'Lrll 

<330 
<340 

380 
360 

in n-heptane 

lk (2o~ ~,e ~ 
(20~ ~ I sec-i k J /mole  

0,15 74,3 
0,1 76,4 
0,1 76,4 
0.027 79,2 

/ -m . ,  ", ' 

n R l  

<330 
<340 

420 
350 

<420 
440 

In iso- PrOH 

k(20~C) J AH," 
,set "l /kJt  mOle 

(; 51,6 

0.06 
0.7 4 l,q 

2()()~) 58,5 

~ S  ~, 
eu 

--25 

AG ~= 
(20~ .. 
k J/mole 

71,0 
71.o 
79.4 
72,1 

53.5 

*The dienone form. 
**The error in the determination of G # is 10%. 

TABLE 7. UV Spectra of U.~N~;~ "~c~ I12] 
~ C O O M e  

Com- pound n R ~-m:,~. nm (e). inEtotl 

Xll 
X 

Xlll 
Xl 

OMe 
OMe 
Ale 
Me 

244 (5760), 288 (19 600) 
235 (7000). 374 (54 400) 
251 (9100), 312 (15616) 
241 (6400), 266 (6900), 400 (57 000) 

Acetals la, b have high reactivities: in the absence of a catalyst at room temperature 
they undergo condensation at the active methylene group with various B-dicarbonyl compounds. 
The resulting lla-Vlla, VI, and llb-Vllb are presented in Table I; their structures were 
established on the basis of the 13C and IH NMR spectra (Table 2 and 4) and UV spectra (Table 
5). It follows unambiguously from these data that all of the compounds, except for diesters 
Vlla and Vllb, exist only in the cyclic 2H-pyran form. 

Thus in the ~C NMR spectra of lla, b, IVa, b, Va, b, and VI in CDCIs one observes one 
set of resonance signals, which was assigned to the 2H-pyran form on the basis of a compari- 
son of the chemical shifts (CS) with the CS of the previously studied 2-amino-2H-pyrans and 

6-amino dienones [5, i0]. 

One set of resonance signals is also observed in s ~H NMR spectra (Table 4) of IIa- 
Va, IIb-Vb, and VI in CDCIs and CD3OD. The CS for solutions in CDCI3 and CD30D differ very 
slightly, and their comparison with the CS of the previously studied valence isomers shows 
that the synthesized compounds exist only in the 2H-pyran form in both solvents. 

The UV spectral data (Table 5) also provide evidence for the absence of an effect of 
the solvent on opening of the 2H-pyran ring. The absorption bands and extinction coeffi- 
cients of the synthesized compounds in hexane, CHCI3, absolute MeOH, EtOH, and H20 are close, 

and their values also confirm that these compounds, regardless of the solvent, exist only in 
the 2H-pyran form, in contrast to the previously studied 2-dimethylamino-2H-pyrans with Me, 
Ph, or C1 substituents in the 3 position, for which the equilibrium was shifted substantially 
to favor the d-amino dienones with an increase in the capacity of the solvent for specific 
solvation 16, 7, i0]. It follows from the data in Table 5 that only 2H-pyrans Ila and IVa 
undergo slight isomerization to ~-dimethylamino dienones in water, as evidenced by the 
appearance in the UV spectra of a long-wave absorption band with Zma x 390 and 423 nm for IIa 

and IVa, respectively, with small extinction coefficients. 

An increase in the temperature also did not lead to isomerization of the 2-amino-2H- 
pyrans to d-amino dienones. This was shown by ~H NMR spectroscopy in the case of IIa and 
IIb in CDCI3 and CD3CN at 100~ and bv UV spectroscopy in the case of 2H-pyran IIIa in CH3CN 

and EtOH at 75~ 

Pulse irradiation of 2H-pyrans IIa-IVa and IIb-Vb in a polar solvent (iso-PrOH), which 
stabilizes the open dienone form, leads to photocleavage of the C--O bond of the pyran ring 
with the formation of the corresponding dienones as in the case of previously investigated 
2H-pyrans [9, i0]. Photochemical opening of the pyran ring in Va could not be detected in 

ii01 



iso-PrOH or in heptane. In nonpolar media (n-heptane) photoisomerization to the dienone 
form could be observed for 2H-pyrans lla-IVa and lib. After the action of UV light is dis- 
continued, the dienone form is converted to the starting 2H-pyran. 

The kinetic and activation parameters of the cyciization of the dienones to 2H-pyrans 
obtained as in [9], as well as the spectral characteristics of the dienone forms, are pre- 
sented in Table 6. The free energies of activation (AG#) are close to those obtained pre- 
viously for 2-dimethylamino-3-methyl-2H-pyrans [9] and substantially lower (by ~20 kJ/mole) 
than those found for 2H-pyrans that do not contain an NMe2 group [3]. 

Since a strong effect of the Y-substituent on the position of the 6-amino dienone z 2- 
amino-2H-pyran equilibrium was observed in a number of examples, it seemed of interest to 
compare the effect of the same substituent as a function of its position in the polymethine 
chain. With this end in mind we synthesized diester VIII and keto ester IX, which have an 
NMe2 group in the 8 position: 

NMe 2 
i COR ~ 7 ~ a ,  COR 

CII~--C~C" + Me2NCH(OMe)2 - - - 4 ~  Me2NCH=CH-C~CH 
"COCiI 3 [ ~COOC|| 3 

NMe 2 

%~II. 
VIII R=OMe; ~ ~=Me 

It follows from the 13C and ~H NMR and UV spectral data (Tables 3-5) that keto ester 
IX, like diester VIII, has an acyclic structure and does not contain the 2H-pyran form. 
Keto ester IX was isolated in the form of two crystalline modifications with mp 128-130~ 

% o and 165-167~ crystallization ensues (at 150 C) after the low-melting form melts, after 
which the substance melts again. Both forms crystallize with i mole of H=O and haveidenti- 
cal ~H NMR, UV, and mass spectra. 

It should be noted that a comparison of the UV spectra of esters VIII and IX (Table 5) 
COR 

and the analogous unsubstituted X and XI (Table 7) shows that the Me=N = --C=C / j \ 
COOMe 

ch romophore  makes t h e  c h i e f  c o n t r i b u t i o n  t o  t h e  a b s o r p t i o n  i n  t h e  c a s e  o f  t h e  f i r s t  p a i r  o f  
examined  compounds ,  which  have  e l e c t r o n i c  s p e c t r a  t h a t  a r e  s i m i l a r  t o  t h e  s p e c t r a  of  enamino 
c a r b o n y l  compounds X l I  and X l I I ;  t h i s  l e a d s  t o  a s i g n i f i c a n t  h y p s o c h r o m i c  s h i f t  of  t h e  l o n g -  
wave band a s  compared  w i t h  e s t e r s  X and XI .  

EXPERIMENTAL 

The UV spectra were measured with a Specord UV-vis spectrophotometer. The ~H NMR 
spectra were obtained with Bruker WM-250 and Tesla BS-467 spectrometers with :H nuclei 
operating frequencies of 250 and 60 MHz, respectively. The high-resolution 13C NMR spectra 
and 13C{H} spectra were recorded with a Bruker WM-250 spectrometer with a :3C nuclei operat- 
ing frequency of 62.89 MBz. Pulse photoexcitation was accomplished with a pulse-photolysis 

apparatus [13]. 

General Method for the Synthesis of 2-Dimethylamino-3-substituted 2H-pyrans lla-Va, 
llb-Vb, and VI and Diesters Vlla, b. A mixture of equimolar amounts of the 8-dicarbonyl 
compound and aminal acetal la or Ib in absolute ether or without a solvent was allowed to 
stand at room temperature for the length of time indicated in Table i, after which the re- 
action mass was evaporated in vacuo, and the residue was either fractionated (lla-IVa, lib, 
lllb, and Vlla) or stirred with absolute ether and cooled to --70~ (IVb, Va, b, VI, and 

VIID). 

Methvl a-Carbomethyoxy-8,6-bis(dimethylamino)butadienecarboxylate (VIII). A mixture of 
0.2 g (1.3 mmole) of methyl a-carbomethoxy-B-dimethylamino-B-methylacrylate and 0.26 g (2.2 
mmole) of DMF acetal was heated for 20 min at 90~ after which it was evaporated. Absolute 
ether was added to the residue, and 0.2 g (60%) of diester VIII was separated in the form of 
a yellow precipitate with mp 194-195~ (from acetone) and M 256. Found: C 56.0; H 8.0; N 
11.2%. C~2H2oN20,. Calculated: C 56.2; H 7.8; N 10.9%. 

Methyl a-Acetyl-8,6-bis(dimethylamino)butadienecarboxylate (IX). A mixture of 1 g (5.5 
mole) of methyl a-acetyl-B-dimethylamino-8-methyl-acrylate and 1.3 g (ii mmole) of DMF 
acetal was heated for 20 min at 90~ after which it was evaporated in vacuo. Absolute 
ether (5 ml) was added to the crystalline residue, and, after washing, 1.2 g (91%) of ester 
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IX was isolated in the form of a cream-colored precipitate with a double melting point: 
128-130~ and 165-167~ The product had molecular weight M 240. Found: C 56.0; H 8.8; 
N ii.i; H20 7.0%. C12H:oN=O3.H20. Calculated: C 55.7; H 8.5; N 10.8; H20 6.9%. 

The substance with mp 128-130~ was dissolved in CHCI3, the solution was evaporated, 
and ether was added to the residue to give a precipitate with mp 165-167~ and M 240. 
Found: C 55.9; H 8.7; N 11.2; H20 7.1%. C12H2oN203"H20. Calculated: C 55.7; H 8.5; N 
10.8; H20 6.9%. 

The substance with mp 165-167~ was dissolved in acetone, and the solution was cooled 
to give a precipitate with mp 128-130~ 
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