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In a continuation of research on dienone ~ 2H-pyran valence isomerization [1-4], in the 
present study 7-methyl-~-functionally substituted trienones and 5-phenyl dienones were syn- 
thesized for the first time in order to study the effect of lengthening of the polymethine 
chain or the introduction of a Ph group in the 6 position on valence isomerization to 2H- 
pyrans. 

II'Co Me 
\~ r. /v ~ If'CO-- ./%~--Me 
C=CH--C=CH--X / )_x 

ttCO 0 
R and R ' =  .qe, O.~Ie; X = Clt=CHN.~Ia..,, Cf[=C,Ue.,, Ph. 

Substances that display solvatochromic, thermochromic, and photochromic properties as a 
result of 6-amino dienone $ 2-amino-2H-pyran valence isomerization were detected in series 
of 7-substituted 6-dimethylamino dienones, which were previously sysnthesized [4-6]. In 
this connection the synthesis of $-dimethylamino-7-methyl trienones (X = CH=CHNMe 2) also 
seemed of practical interest, since a substantial shift to the long-wave region of the ab- 
sorption maximum of the strongly conjugated open form as compared with the cyclic form, in 
which the enamine fragment is removed from the conjugation chain, was expected in the elec- 
tronic spectrum in the case of the existence of an equilibrium between the trienone and 2H- 
pyran forms in these compounds. 

A pyran form was not detected in previously studied [7] unsubstituted S-amino trienones 
and 6-amino dienones. 

However, we have shown [I, 4, 6] that a dynamic equilibrium between the dienone and 
2H-pyran forms was established in 6-amino dienones in view of the strong steric interaction 
between one of the substituents attached to the C a atom and the y proton when Me, Ph, and C1 
substituents are introduced in the 7 position. 

Considering these data, we assumed that the introduction of an Me group in the ~ posi- 
tion of $-dimethylamino trienones would lead to the formation of both valence isomers. 

Trienone I was obtained in 38% yield in the reaction of keto ester VIII with CH~CMgBr, 
as in [7].* 

MeCO F MeCO 1 
\ / - , . ~ \  CH~CM=~ / \ / / " , ~ \ ~  / 
/ I NMe. : ' /  / [ ~ [ ~  

MeOCO Me " LMeOCO Me J 
(VIII) (X) 

MeCO CHO 
\//%~ /%/%/ 
/ / ~ ' S ~  NMe:-~- MeaN 1 

MeOCO' Me Me 
(I) Z-~omer (IX) 

*We were  u n a b l e  t o  o b t a i n  a t r i e n o n e  f rom (MeCO)~C=CH--C--CHNM% and  CH=CMgBr, s i n c e ,  a c c o r d -  

Me 
i n g  t o  t h e  UY s p e c t r a l  d a t a ,  t h e  r e a c t i o n  s t o p s  a t  t h e  s t e p  i n v o l v i n g  t h e  f o r m a t i o n  o f  a 
b u t a d i e n y l  a c e t y l e n i c  d i k e t o n e ,  t o  t h e  C=CH bond  o f  w h i c h  NHMe 2 d i d  n o t  add .  S i n c e  
(MeOCO)2C=CH--C=CHNMe2 d i d  n o t  r e a c t  w i t h  CH=CMgBr, we were  u n a b l e  t o  o b t a i n  t h e  t r i e n i c  

l 
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TABLE i. Data from the [IV and IR Spectra of 

e 6 V 6 . /COMe 
Me2NCH=CH--CH=C--CH=C< 

I \ C O 0  Me R 

UV spectrum,~max, nm (EtOH) IR s2E~trum, v, cm -~, withKBr (in CHC~) 

B=H* R----Me (I) R=H* 

499 460 i690, i635 ,r 
i6i5. i575 
0695, 1630, i575) 

*A mixture of the Z and E isomers (2:1) 

R=Me (I) 

1710. i630, i480 
(1715, i630, 1545) 

[7]. 

We unexpectedly isolated aldehyde IX as a side product. 

According to the IH and IBC NMR and UV spectral data, trienone I exists only in the 
open form, regardless of the solvent. In conformity with the data in [8, 9], it follows 
from the chemical shift of the carbonyl carbon atom in MeCO (194.14 ppm) and the constant 
of spin-spin coupling of this carbon atom with the H8 proton (BJc_- O H~ = 6.07 Hz) obtained 
in the IBC NMR spectrum that I is the Z isomer with respect to the ~, ~ double bond, in 
which COMe and H~ have a cis configuration. Strong steric interaction between COMe and the 
Me group attached to the Cy atom in the E isomer evidently does not lead to its cyclization 
to a 2H-pyran, as occurred in substituted 6-amino dienones, but rather to isomerization 
to the Z isomer. 

The significant (39 nm) hypsochromic shift of Xma x and the 20 cm -I increase in vC=O in 
substituted trienones as compared with unsubstituted trienones (Table i) constitute evidence 
for substantial disruption of the conjugation when an Me group is introduced in the y posi- 
tion. 

It subsequently seemed of interest to study y-methyl-substituted trienones II and III, 
which do not contain an NMe 2 group, especially since the analogous y-methyl-substituted 
dienones were converted completely to 2H-pyrans [i, 3]. 

Trienones II and III and, for comparison, IV* were obtained on the basis of aldehyde 
XI or its acetal XII via the following scheme: 

Mo 
i 

Me2C=CH--HC=C--CHO 

(Xl) cH(oath 

Me~C----CH--HC=C--Ctt(OEth 
(X I I ) CH.4COMeh 

Me 
I 

Me:C=CH--HC=C--CH--CH(COMe)2 

(XIII) I O lEt 

~ dioxane/H~O t2:l) 
(xi)  

COR 
/ 

cI-I~ Me COH \ 
con' ! / ) Me2C=CH--HC=C--CH=C 
I I = M e ,  R'=OMe(II), 
R = IV=Me(Ill), OMe(IV) COB' 

AI~O~ 
) (llI) 

Trienones II and III are formed via the Knoevenagel reaction (with piperidine as the 
catalyst) in yields no higher than 15% and contain a difficult-to-separate admixture (~7- 
10%) of starting aldehyde XI. Compounds II and IV were obtained in 30 and 49% yields by 
the method in [10] (with TiCI~ as the catalyst). Since III could not be obtained by this 

*The dienic diesters always exist in the open form [i, 3]. 
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method or by the action of AI203 and MBS04 in refluxing pyridine, we checked its prepara- 
tion from ethoxy diketone XIII. Compound III was obtained in 10% yield by splitting out 
of EtOH from XIII by means of AI203. Other methods for splitting out EtOH did not give 
positive results: Heating a toluene solution of XIII with traces of p-CH3C6H~SO3H led to 
complete resinification, while heating an aqueous dioxane solution of XIIi by the method 
in [Ii] led to the formation of aldehyde XI as a result of cleavage of the C-C bond. 

According to iH and l~C NMR and UV spectral data, trienones If-IV exist only in the 
open form. Trienone II is a mixture of the E and Z isomers (3:1) with respect to the C~=C B 
bond. 

In contrast to II and III, y-methyl-substituted 6-phenyl dienones V and VI, which were 
synthesized via the Knoevenagel reaction from =-methylcinnamaldehyde (with piperdine as the 
catalyst), exist only in the cyclic form. It should be noted that unsubstituted PhCH=CH - 

/COMe 
CH=C. (XIV) [2], just like diesters Vll and PhCH=CH-CH=C(COOMe)2 (XV~, which were 

\COOMe 

obtained for comparison, exist only in the open form. 

CoR 0 
/ 

Me CH~ R,~_~_ M e 

PhCH=C--CHO COR'> --\ /--Ph 

1 C H ~ ( C O O M e h  0 

Me 
I 

PhCH=C--CH=C(COOMe): 
(v~i) 

R = Me, R x = OMe(V), R = RI=Me(VI). 

In this research we obtained the first representative of B-substituted trienones (XVI), 
which, like the B-substituted dienone 

COMe 
/ 

Me~N--CH=CH--C=C 
m \ 
NMe2 COOMe 

[12], did not contain the isomeric 2H-pyran 
NMe2 NMe2 COMe 

I / 
Me2NCH=CHCH / -+ MeC=C 

(XVII) \NMe2 (XVII I ) \cOOMe 

NMe2 COMe 
I / 

Me..NCH=CHCH=CHC=C 
(XVi) \ COOMe 

EXPERIMENTAL 

The UV spectra were recorded with a Specord UV-VIS spectrophotometer. The P~fR spectra 
were recorded with Bruker WM-250 and Tesla BS-467 spectrometers with IH operating frequencies 
of 250 and 60 MHz, respectively. The high-resolution 13C NMR and I~C--{H} NMR spectra were 
recorded with a Bruker WM-250 spectrometer with a 13C operating frequency of 62.89 MHz. The 
chemical shifts are the values relative to tetramethylsilane (~ • 0.03 ppm, Jx3C,IH = • Hz). 

The iH and 13C NMR spectra of I-IV and XVI are presented in Tables 2 and 3. 

3-Carbomethoxy-5-methyl-8-dimethylaminoocta-3~5t7-trien-2-one (I). A 3.6-g (0.017 mole) 
sample of methyl 5-dimethylamino-2-acetylpenta-2,4-dienoate (VIII) was added gradually at 
0~ in a stream of acetylene to CH~CMgBr, obtained from 0.82 g (0.034 mole) of Mg in 60 ml 
of absolute THF. The reaction mass was stirred for 30 min at 20~ and for 15 min at 50~ 
after which it was cooled to 0~ and treated with 3 ml of a benzene solution of NHMe 2 (i:i) 
and 20 ml of a saturated solution of NH4CI. The mixture was then extracted with ether and 
CHCI 3, and 2 ml of a benzene solution of NHMe 2 and MgSO~ were added to the combined extract, 
the UV spectrum of which contained a Xmax band at 295 nm, which is characteristic for a 
butadienyl acetylenic ester [7]. After 24 h, the light-yellow extract turned dark red, and 
%max bands appeared at 375 and 465 nm (optical density ratio 2:3) in place of the kma x band 
at 295 run in the UV spectrum. 
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A 5-ml sample of absolute ether was added to the evaporated residue, the mixture was 
cooled to 0~ and 1.5 g (38%) of a bright-red precipitate, which was identified as I with 
imax 460 nm and a small shoulder at 375 nm, was separated. Recrystallization from absolute 
MeOH gave a product with mp II0-111~ UV spectrum (Imax, nm) in EtOH: 460 (E 47,400); in 
CHCI3: 440 (g 45,400); in hexane: 396 (E 31,600). Mass spectrum (m/z): 237 (M+). Found, 
%: C 65.68; H 8.15; N 5.96. CI3HIgNO 3. Calculated, %: C 65.80; H 8.07; N 5.90. 

According to the UV spectral data, I remained unchanged in H20 in the course of 24 h; 
however, after 3-4 h in CHCI 3, MeOH, and EtOH the E value at lmax 460 nm decreased, and a 
new lmax appeared at 235 nm. 

Preparative TLC of the ether mother liquor obtained after separation of I on SiO 2 in 
an acetone-hexane system (2:3) with elution with CHCI 3 gave 0.3 g of aldehyde IX. UV spec- 
trum (lmax, nm, in EtOH): 375 (g 17,300). PMR spectrum (CDCI 3, 6, ppm): 1.7 (CH3), 2.91 
(NMe=), 5.2 (Hy), 6.75 (H6), 6.82 (H~), 9.1 (CHO); J~,X = 11.5 Hz, JX,6 = 12.5 Hz. The data 
from the I/V and PMR spectra of IX were identical to the data indicated in [13]. The picrate 
of IX had mp 155-157~ (mp 157~ [13]). 

2~5-Dimethylhexa-2~4-dienal (XI). A) A 37-mi sample of propenyl ether was added with 
stirring at 35-40~ in the course of 1.5 h to a mixture of 51 g of ~,~-dimethylacrolein 
diethylacetal and 9.2 ml of a 10% solution of ZnCI 2 in ethyl acetate, after which the mix- 
ture was maintained for 0.5 h at 20~ and then for 1.5 h at 50~ The mixture was then 
cooled and treated with 50 ml of 5% NaOH and 50 ml of ether. The ether layer was separated, 
washed with water, dried with K=CO 3, and evaporated to give 74 g (94%) of l,l,3-triethoxy- 
2,5-dimethyl-4-hexene (XVII) in the form of a dark-yellow oil with bp 120-1250C (20 mm) 

and nD =~ 1.4300. 

B) A mixture of 74 g of undistilled XVII, 65 g of MeCOONa.3H=O, and 144 ml of AcOH 
was heated at 80-85~ for i h in a stream of N 2, after which it was cooled and poured into 
200 ml of ice water. The aqueous mixture was extracted thoroughly with ether, and the 
ether and AcOH were removed with a rotary evaporator. The residue was neutralized with 
NaHCO 3 solution and extracted thoroughly with ether, and the extract was dried with MgSO~. 
This procedure gave 24.4 g (75%) of XI with bp 82-850C (10 mm) and nD 2~ 1o5250o UV spec- 
trum (lmax, nm, EtOH): 292 (E 15,670). PMR spectrum (CDCI 3, 6, ppm): 1.8 (CH3), 1.98 
(Me2C), 6.3 d (H4), 7.1 d (H3), 9.45 (CHO); J3,4 = 12 Hz. The assignment of the signals 
to the H a and H 4 protons was made on the basis of heteronuclear-resonance data. 13C NMR 
spectrum (CDCI 3, 6, ppm, J, Hz): 8.92 (CH3), 18.71 and 26.80 (Me2C), 121.10 (C ~, 13C, iH, 
J = 153.6), 135.29 (C2), 144.56 (C 3, ~3C, ~H, J = 149.6), 147.18 (CS), 194.59 (CHO). 

2~5-Dimethylhexa-2~4-dienal Acetal (XII). One drop of 60% HCI0~ [14] was added at 
200C with stirring to a mixture of 12.4 g of aldehyde XI, 14.8 g of CH(OEt) 3, and 4 ml of 
absolute EtOH. The temperature rose to 35~ after which the mixture was cooled to 20~ 
and stirred for another 0.5 h. A 1.5-ml sample of a 10% solution of KOH in alcohol was 
then added, and the mixture was distilled to give 14 g (71%) of XII with bp 120-122~ (20 

mm) and nD 2~ 1.4680. 

3-Carbomethoxy-5~8-dimethylnona-3~5~7-trien-2-one (II). A solution of 6 ml of TiCI4 
in i0 ml of absolute CCI~ was added dropwise at 0=C to 150 ml of absolute TH2, after which 
a mixture of 3 g of aldehyde XI and 3 ml of acetoacetic ester in 50 ml of absolute THF was 
then added rapidly. After 40 min, a solution of 9 ml of absolute pyridine in 50 ml of ab- 
solute THF was added, and the mixture was stirred for 30 min at 0~ and for 30 min at 10~ 
It was then cooled to 0~ and treated with 30 ml of water and 30 ml of ether. The ether 
layer was separated, and the aqueous layer was extracted thoroughly with ether. The com- 
bined ether extracts were dried with MgSO~ and distilled to give 1.55 g (30%) of II with 
bp I12-I15~ (0.3 mm) and nD =~ 1.5820 (an individual product according to GLC data). The 
addition of 0.5 ml of absolute MeOH and cooling to -70~ gave II in the form of pale-yellow 
crystals with mp 55-590C. UV spectrum (lmax, nm, in EtOH): 345 (E 31,714). Mass spec- 
trum (m/z): 222 (M+). Compound II was labile at 20~ but stable in the cold. 

Methyl 2-Carbomethoxy-4~7-dimethylocta-2~4~6-trienoate (IV). A solution of 6 ml of 
TiCI~ in I0 ml of CCI~ was added dropwise to i00 ml of absolute THF, during which a yellow 
precipitate formed. Under the same conditions a mixture of 3 g of malonic ester and 3 g 
of aldehyde XI in 25 ml of absolute THF was added rapidly, after which a solution of 9 ml 
of absolute pyridine in 50 ml of THF was added in the course of i h. The resulting mixture 
was then stirred for I h at 200C and allowed to stand overnight. Water (20 ml) and ether 
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TABLE 4. 
and XV 

Yields, Constants, and UV and PMR Spectral Data for V-VII 

Reac= 
tion 

Com-. temp. Yield,* 

pound "C 1% 

(v) o is  

(vI) o 7 

. ( V l l )  i~ 

(XV) 5 ( 

Bp, ~ , ~  

(ram) �9 

105-~08 t5650 
(o,8) 

i00-t02 t f i 8 t 0  
(0A) 

130-132 I~60001 
(0,3) 

% 

Molecular 
mass (mass 
spectrum), 
found/cal- 
culated, % 

244 
244,27 

228 
228,27 

260 
260.27 

u v  spectrum, 

kmax, nm (eL 

in EtOH 

205 (234O0) 
223 (15200~ 
245plateau (8100) 
3~(8o5o) 

208 (i7200) 
220plateau (16200) 
258 (8550) 
322 (7i50) 

313 (25200) 

325 (39000) 

PMR spectrum, 6, 
ppm, in CDCI~ 

t.62 (CH3-C3), 
222 (CH3-CS), 
3.72 (OCH3), 
5.58 (HZ), 8,35 (W). 
7.3 (Ph) 
i,63 (CH3-C3), 
2,t8 (CH3-C6), 
2.25 (CH3CO), 
555 (H2), 
6.28 (H'),7,29 (Ph~ 
2.0 (CHD, 3,77 and 
3,8i (OCHD, 
694 (H~), 
7A6 (H8),7,3i (Ph) 
375 and 3.84 (OCI~). 
6 96-7,7t (H~, 
HT, H~ and Ph) 

*The yields are based on the amount of ~-methylcinnamalde- 
hyde used. 
%This compound had mp 68-69~ (mp 67~ [15]). 

were then added, the aqueous layer was separated, and the ether layer was dried with MgSO4 
and evaporated to give a crystallizing oil, to which 3 ml of absolute MeOH was added, and 
the resulting mixture was cooled to -70~ to give 2.8 g (49%) of IV with mp 78-80~ (from 
MeOH). [IV spectrum (Xmax, nm, in EtOH): 330 (E 30,640). Mass spectrum (m/z): 238 (M+). 

3-Acetyl-4-ethoxy-5~8-dimethylnona-5~7Fdien-2-one (XIII). A 0.35-m! sample of BF 3. 
O(Et)2 was added at -10=C to 5 g of acetylacetone, 30 min after which 7 g of acetal II was 
added, and the mixture was maintained for 15 min at -10~ and for 5 min at 0~ The mixture 
was then treated with 20 ml of a 15% solution of MeCOONa and dried with MgSO~. Workup gave 
2.5 g (28%) of XIII with bp 90-95~ (0.4 mm) and nD 2~ 1.4870. Mass spectrum (m/z): 252 
(M+). UV spectrum (Xmax, nm, EtOH): 246 (e 26,185). PMR spectrum (CDCI3, 6, ppm, J, Hz): 
1.05 (3H, CH3CH2), 1.6 (3H, CH3), 1.75 br. s (6H, H e, and CH3~]s), 1.98 s and 2.13 s (6H, 
CH3CO), 3.26 m (2H, CH3CH2), 3.9 d (IH, H3), 4.34 (IH, H4), 5.86 d (IH, HT), 6.24 d (IH, He), 

J3,4 = 10.5, Js,7 = 12, JCH2_CH ~ = 7. 

3-Acetyl-5~8-dimethy!nona-3~5~7-trien-2-one (III). A) A mixture of 1.3 g of XIII and 
50 ml of activity II AI20 ~ was maintained for 24 h at 35-400C, after which it was eluted 
with CHCI3, and the eluate was evaporated. According to the UV spectrum, the residue con- 
sisted of XI and III in a ratio of 2:3. Preparative TLC on SiO 2 with an acetone-hexane 
system (2:3) with elution with absolute ether gave 0.i g of III in the form of a crystal- 
line material with mp 53-57~ UV spectrum (Xmax, nm) in EtOH: 341 (~ 26,870); in CHCI3: 
345; in hexane: 330 split (s 30,452). Mass spectrum (m/z): 206 (M+). 

B) A mixture of 2.2 g of XI, 2.2 g of acetylacetone, and 0.i ml of piperidine was 
allowed to stand for 3 days at 0~ after which ether was added, and the mixture was 
washed with 1% H2SO ~ and water, dried with MgS04, and distilled in vacuo to give 0.5 g 
(13%) of III with bp I03-I05~ (0.37 mm) and nD 2~ 1.5600. According to GLC analysis, 
III contained 7% aldehyde XI. 

Action of Aqueous Dioxane on XIII. A 2.4-g sample of XIII was heated in 65 ml of 
dioxane H20 (2:1) in a stream of N 2 at 80~ for 5 h, after which the mixture was cooled 
and ether was added. Sodium chloride was added to the aqueous layer, and it was extracted 
with ether. The ether extracts were dried with MgSO 4 and distilled to give 0.5 g of alde- 
hyde XI with bp 80-86~ (I0 mm) and nD 2~ 1.5200. UV spectrum (Xmax, nm, in EtOH): 290. 
The GLC data and PMR spectrum were identical to those for the XI described above. 

Compounds V-VII. A 0.15-mi sample of piperidine was added to a mixture of 14 mmoles 
of the 8-dicarbonyl compound and 14 rmnoles of =-methylcinnamaldehyde, and the mixture was 
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allowed to stand for 6 days. It was then diluted with ether, washed with 1% H2S04 solu- 
tion, dried, and distilled. The reaction temperatures, constants, yields, and spectral 
data are presented in Table 4. In the preparation of V-VII 60-65% unconverted ~-methyl- 
cinnamaldehyde, with bp 50-52~ (0.3 mm) and nD 2~ 1.6055, was isolated. UV spectrum 
(Xmax, nm, EtOH): 285. PMIR spectrum [mixture of the E and Z isomers (i:i0)] (CDCI 3, 6, 
ppm): 1.98 and 2.0 (CH3), 7.15 m and 7.39 m (Ph and CH), 9.83 and 9.50 (CHO). 

3-Carbomethoxy-4t8-bis(dimethylamino)octa-3~5~7-trien-2-one (XVI). A mixture of 0.3 g 
of methyl ~-acetyl-~-dimethylamino-~-methylacrylate (XVIII) in i ml of absolute ether and 
0.4 ml of aminal XVII was allowed to stand for 15 min, after which the resulting precipi- 
tate was removed by filtration and washed with absolute ether to give 0.4 g (93%) of XVI 
with mp 193-195~ [from acetone-ether (3:1)]. UV spectrum (~max, nm, in absolute MeOH): 
270 (~ 17,733), 417 (e 73,800); in CHCI3: 270 (E 12,160), 420 (E 34,960); in hexane: 
267 (E ii,000), 420 (g 31,800); in H20: 270 (E 17,700), 427 (e 85,840). Mass spectrum 
(m/z): 266 (M+). Four, d, %: C 62.77; H 8.03. CI~H22N=O 3. Calculated, %: C 63.13; 
H 8.33. 

CONCLUSIONS 

I. 7-Methyl-~-functionally substituted conjugated trienones and 6-phenyl dienones 
were synthesized. 

2. 7-Methyl-~-functionally substituted trienones exist in the open form, while 6- 
phenyl dienones exist in the form of 2H-pyrans. 
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