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In a continuation of the study of synthesis  of unsaturated r compounds using /3-dimethyl- 
B 
I x 

aminoacrole in  derivatives of the type (CHs)2N_CH=C_CH/  (I), where R = H, CH 3, or  C6H5, and X and 
\ 

Y 

Y = OCH 3 or  N(CH3) 2 [1-6], the p re sen t  work is a study of the react ion of I with alcohols and CH-acids.  /3-Di- 
methylaminoaerolein  aminal (Ia) in nonpolar solvents or without a solvent is in the undissociated form,  accord -  
ing to PMR {Table 1) and UV spec t ra  {Table 2). Since it is a s t rong base,  Ia decomposes chloroform,  and 
after  severa l  days is completely conver ted to 3-dimethylaminopropenyl idenedimethylammonium chloride.  

In the react ion with alcohols ,  as a resul t  of protonation followed by evolution of dimethylamine,  Ia is 
converted to a salt  of 3-dimethylaminopropenylidenedimethylamine (ID, in which the anion is an OR- ion: 

N(CHsL. 
/ 

(CHs)~NCH=CHCH 
\ 

(Ia) N(CHs)2 
R ~ Me, Et. 

ROH 
> [(CHa)2NCH=CHCH=N(CH.~)2] $ OR e + NH(CHs)= 

(II) 

This conclusion follows f rom the fact  that in the 1JMR spec t rum taken in abs. CD3OD (6" 10 - i  mole / l i t e r ) ,  
the proton signals of Ia have completely disappeared,  and the proton signals of II appear (see Table 1). Along 
with these there also appear the proton signals of ~-dimethylaminoacrole in  (III). Format ion  of the mixture  of 
II and HI in abs. CHsOH is conf i rmed by the appearance of two absorption maxima in the UV spec t rum,  at 285 
(~ 28,000) and 312 nm (~ 20,000), that belong to HI and II, respect ively.  The convers ion of Ia to III is significant- 
ly acce lera ted  by gentle heating. The HI : II rat io is ~ 1 : 3 at  0~ ~ 1 : 1 at 28~ 

In very  dilute alcoholic solution (6 �9 10 -5 M), salt  H is m o r e  stable than in the concentrated solution 
(6.10 - i  M), and its convers ion to HI is significantly slower.  The UV spect rum of such a solution contains one 
absorption maximum,  at 312 nm (~ 42,700), that belongs to II, only af ter  heating for many hours at 30~ does 
a shoulder form at 285 nm that belongs to HI. The format ion of III f rom Ia may be represen ted  by the scheme:  

(Ia) + CH30H ~ [(CHs)2NCH=CHCH=N(CHs)2]| + Ntt(CHs)., 
l~ (ii) 

(CI-I~)oNCtt=CttCHO ~ (CH~)2NCH=CHCtt 
- - - N ( C I t s ) 3  

(II]) 0CHs 

The presence  of NH(CH3) 2 and N(CH3) 3 in the 6" 10 -1 M solution of Ia in methanol was conf i rmed by GLC 
analysis.  

It should be noted that in concentrated alcoholic solution other ~-dimethylaminoacrolein derivat ives ,  e.g., 
Ib [R = CH 3, X = OCH 3, Y = N(CH~2], Ic [R = CGH~, X = OCH 3, Y = N(CH3)2], and Id (R =H, X = Y = OCH3) , are  
easi ly converted to the aldehyde (CH3)~NCH = C(R)CHO, according to the PMR spectra;  while in very  dilute 
alcoholic solution they are  conver ted to the salt  [(CHs)2NCH = C(R)CH = N(CH3)2]+OCH3 - ,  according to UV 
spectra ;  when R = CH 3, ?~max = 325 nm (r 38,600), and when R = C~H~, kma x = 324 nm (r 34,600) [4]. 
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TABLE i. 

e 
N(CH3)~. 

a b c d /  
PMR Spectra of (CIt3)2NCH=CHCIt~ (Ia) 

N(CH3)~ 
f 

Chemical shifts 

(CHs)~N 

2;5 
2,6~ 
2,52 

3.08 and 3.25 

2,05 
2,35 
2,1 

5, ppm 

b 

5,76 
6,04 
553 
7,66 

3,8i 
4,0 
3,8 
5,33 

2,53 
3,32 
2,48~ 
7,66 

J, Hz 

b,c c , d  

14 
14 19 
i2 

S o l v a n t  

None  
CDC13 * 

Abs. CD30D 

a b c d 
*After some days there  appeared signals of [(CH3}2NCH = CHCH = 

a 
N(CH3}2]+C1 - (25%). 3.14 and 3.36 (N(CH3)2) , 5.26 (H c) and 8.49 (H b 

and Hd), Jb,c = Jc ,d  = 12 Hz. a b c d a 
~These signals belong to the protons of (CH3)2NCH = CHCH = N(CH3) 2 

SThe spec t rum also contains signals of (CH3) 2~CH = CHCHO (HI): 
2.82 and 3.08 (N(CH3)2), 5.03 (H~), 7.31 (H~), and 8.78 (CHO), 
Jo~,f~ = 12.5, J~ -CHO = 9 Hz; and also signals of (CHa)3N and 
(cH~2NH, 2.25. 

In contrast to the salts described above, salts of type lI with the anions of inorganic acids (I, C[, CIO 4) 
are stable in alcoholic solution, and are converted to KI only by alkaline reagents. 

In the study of the reaction of !a with CH acids, we discovered that here, just as with alcohols, salts 
of type II are formed, but with the anion of the CH acid. The formation of such salts as reaction intermediates 
has already been proposed [9]. 

From equimolar amounts of la and dimethyl malonate, without solvent or in abs. ether, at 20~ the 
colorless crystalline salt IV is rapidly formed in 80-90~ yields; its structure is confirmed by elemental 
analysis and the UV and PMR spectra. When IV is heated for a short time (5 rain, 80-90~ there is a vigorous 
evolution of RqI(CH3) 2 and the diene 5-dimethylamino diester VI, previously obtained in [i, 9], is formed. In 
the conversion of IV to Vl, the intermediate is apparently the diamine V: 

(la) .+ C}I2(COCMe)~ - -  > [(CHs)2NCH=CH--CH=N(CII3)2]$ CH(COOMe)~ ~ --I-IN( C1:h)_~ 
(iv) 

[ (CH3)zNCH=CHCI-ICI-I(COOMe)~] -I-IN(cI-I,), >" (CHs)2NCH=CttCH=C(COOMe)~ 

(v) ~(cI4~)~ J (vI) 

We previous ly  separa ted  analogous diamines in the condensation of Ia with macrocyc[ ic  ketones [6]. 
It is in teres t ing that the mass  spec t rum of salt  IV contains an intense ion with m / z  127 that corresponds  to 
cation II, and an ion with m / z  213 that is M+(VI); these are  probably re la ted to the par t ia l  convers ion of IV 
to VI in the mass  spec t romete r .  

In the react ion of Ia with methyl  ni t roaceta te ,  the result ing salt  [(CH3)2NCH = CHCH = N(CH~2] +o 
NO2CHCOOMe (VIIa) is stable and when heated at 80~ for 4 h is not converted to the 5-dimethylamino ni t ro-  
es te r  previously  descr ibed  by us [1]. 

The analogous stable salts  [(CH3)2NCH = C(R)CH = N(CH3)2] +. CF3COCHCOCF 3 (VIIb) (R = H) and (VIIc) 
(R = CH 3) are  formed smoothly by the react ion of Ia and Ib with hexafluoroacetylacetone.  

In con t ras t  to the malonic and ni t roacet ic  e s t e r s ,  the anions of which are  weakly nueleophilic, such 
"weak" acids as acetone and 3-methy l -2 -azaf luorene  react  with Ia under the same conditions to forzn the 
diene amines VIII and IX direct ly  in 85-90% yield. Apparently,  the salts  formed with the s tronglynucleophil ic  
anions in the f i r s t  stage of the react ion are  very  easi ly eonverted to the thermodynamical ly  stable VIII and IX. 

The main product  of the react ion between Ia and CNCH2CN , which proceeds  rapidly at 20~ is the 
diene 5-dimethylaminodini t r i le  X [9]. This agrees  with the fact that cyano derivatives are  easi ly ionized, but 
the corresponding earbanions add a proton more  rapidly than would be expected f rom thevalue  of the d issocia-  
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T A B L E  2. UV S p e c t r u m  of 
/N(CH3h 

(CHs)2NEH--CH . . . . .  (Ia) 
-- q• lish 

Solvent ~'max. nm s 

Hexane 

Abs. ether 

Abs. CH3OH * 

220 (plateau: 
275 
220(plateau) 
270 - 
3t2 
312 

9000 
4t40 
8800 
2400 
800 

42 700 

*According to [8], [(CH3)2NCH = 
CHCH = N(CH3)2]+CIO4 - has 
Xma x in C2HsOH 310 nrn (8 54,700). 

t ion c o n s t a n t  [10]. A long  with  X, t h e p r o d u c t  con t a in s  s a l t  XI and k e t e n i m i n e  XII in ~ 5 : 1 : 1 r a t i o  (PMR). The  
s t r u c t u r e  of  XII,  which  was  s e p a r a t e d  by  p r e p a r a t i v e  T L C ,  was e s t a b l i s h e d  f r o m  UV, IR ,  PMR,  and m a s s  s p e c t r a .  

(Ia) -[- CH,:(CN)2 --0 

[(CHs)2NCH =CHCH=N(CH3)2] CH(CN)2 
(XI))~max 3t2 nm 

(CH3)~NCH =CHCH=C(CN)2 
(X) ~max376 nm 

(CN)2CHCH~CHCH~C(CN)2 
(Xlii) II 

NH =C=CCH=CHCH~C(CN)~ 
J 

CN 
(XII))~max 445 nm 

The  f o r m a t i o n  of XII m a y  be  e x p l a i n e d  by  the  r e p l a c e m e n t  of a N(CH3) 2 g roup  by  the  CH(CN)2 anion,  
and the  n i t r i l e - k e t e n i m i n e  t a u t o m e r i s m  in the t e t r a n i t r i l e  XIII  [11]. 

I t  shou ld  be  no ted  tha t  the  r e a c t i o n  of  Ia  wi th  m e t h y l  c y a n o a c e t a t e  p r o c e e d s  ana logous ly ;  a c c o r d i n g  to 

CN 
the UV s p e c t r a  the  r e a c t i o n  p r o d u c t s  a r e  (CHs)2NCH=CHCH=C / (Xmax 385 nm) ,  the  c o r r e s p o n d i n g  

k COOCIta 

CN 
/ 

salt (Xmax 312 nm), and the ketenimine NH=C=CCH=CHCH=C (Xmax 455 rnn) in ~ i0 : 2:1 ratio. 
l \ 
CN COOCH~ 

EXPERIMENTAL 

PMR spectra were obtained on DA-60IL (60 MHz) and Tes ia BS-497 (i00 MH z) apparatus with HMDS 
as internal standard. UV spectra were obtained on a Specord UV-VIS apparatus, IR on a UR-20 apparatus. 

NH(CH3) 2 and N(CH3) 3 were identified by GLC at 60~ in a glass capillary 60 ruby 0.23 ram, with PEG 
40 m-XF stationary phase, Khrom-4 chromatograph with flame-ionization detector, and N 2 carrier gas. 

Compound la was obtained by the procedure of [12]*, Ib by [4], and Ic by [5]. 

Reaction of Ia with CHCI 3. A solution of 0.3 g of Ia in 2 ml of CHCla was kept for 3 days, then evaporated 
in vacuttm. There was obtained 0.22 g of dimethylaminopropenylidenedimethylammonittm chloride; mp 192- 
193~ (after washing with hexane), cf. [13], Xma x in C2H5OH 312 nm (8 48,000); PMR data correspond tothose 
given in Table i. Fotmd: CI 22.32%. CTHI5N2CI. Calculated: C[ 21.9%. 

N(CH3)~ 

*Under the conditions given in [12] for the synthesis of the aminal aceta[ (CH3)~NCII= CIICH / mainly 
N'OCH3 

Ia  i s  f o r m e d .  
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Reaction of la with Methyl Malonate. When 1.7 g of la and 1.3 g of methyl maionate were mixed in 
I0 m[ of abs. ether, a colorless precipitate was quickly formed, which was separated and washed with abs. 
ether. There was obtained 2.2 g of salt IV. UV speetrtLrn: Xma x in C2H5OH, 312 nn] (a 31,300). PMR (CD3OD, 
5, ppm): 3.07 and 3.24 (N(CH~2) , 3.27 (COOCH3) , 3.58 (CH), 5.3 (H~), 7.66 (H c~ and HT), Jc~/~ =J~v = 12 Hz. 

Found: C 55.24; H 8.28; N 10.73%. CI2H22N204. Calculated: C 55.79; H 8.58; N 10.85%. 

When 0.8 g of IV was heated to 80-90~ it melted with evolution of dimethyiamine, thencrystailized 
when cool. There was obtained 0.65 g of VI, which agreed with the known sample [i, 14] in melting point and 
UV and PMR spectra. 

Reaction of Ia with Methyl Nitroacetate. A mixture of 0.15 g of la and 0.i g of methyl nitroacetate was 
washed with abs. ether for I0 rain. There was obtained 0.2 g of VIIa as a yellowish oil, nD 2~ 1.5212. UV: Xmax 
in C2HsOH, 312 nrn (g 28,200). PMR (CDCI3, 6, ppm): 3.0 and 3.27 (N(CH3)2), 3.45 (COOCH3), 5.51 (H/?), 6.4 
(ell), 8.0 (H a and ~7), j~,~ = jp,V= 12 ~z. 

Reaction of Ic and Ib with CF3COCH2COCF~. Ic, 1.72 g, was added gradually to 2.1 gof CF3COCH2COCF 3 
in 4 m l  of abs.  e ther .  After  1 rain the mix tu re  was evapora ted .  T h e r e  was s epa ra t e  2.8 g of VIIe (after washing 
with e t h e r - h e x a n e  mix ture ) ,  mp 74-75~ UV: Xma x in C2HsOH, 322 nm (c 60,000). PlVIR (CD3OD , 5, ppm):  
2.08 (CH3), 3.22 (N(CH3)2) , 5.51 (CH), 7.34 (I~ and HV). Found: N 8.00%. CIaH18N202F G. Calculated:  N 8.05%. 

Salt VIIb was obtained analogously,  rap 59-60~ UV: ~max in C2I-IsOH, 312 nm (a 66,600). PMR (CDaOD, 
5, ppm):  3.02 and 3.22 (N(CHa)2) , 5.24 (H;?), 5.49 (CH), 7.64 (H c~ and HT), Jo4~ = Jf~,~ = 12 Hz. Found: N 8.90%. 
C12Hi6N202F 6. Calculated:  N 8.39%. 

React ion of Ia with Acetone.  An equimolar  mix tu re  of Ia and acetone was held at 20~ (a) without solvent 
0o) in abs.  e ther ,  and (c) in abs.  CH~OH. The cou r se  of the reac t ion  was followed by means  of the UV spec t rum:  
6 -d imethy lamino-  3 ,5 -hexadiene-2-one ,  VIII,  has  )tma x at 380 nm [2 ], the sa l t  3-dimethylmminopropenyl idenedi-  
methy iamine  at 312 nm,  and aldehyde I I I a t  285 nm. The r e su l t s  a re  as follows: 

Solvent Reaction Reaction product 
time 

None 2 h VIII j" 
Abs. ether 3 days VIII 
Abs. CH3OH 3 days VIII :III ~ 1 :i 

React ion of Ia with 3-1VIethyl-2-azafluorene. To 2.7 g of 3 -me thy i -2 - aza f l uo rene  was added 2.85 g 
of Ia and v igorous  evolution of HN(CHa) 2 began at  once.  The mix tu re  was heated  for 15 rain at  30~ cooled,  
and t r e a t ed  with abs.  e ther .  The p rec ip i t a te  was f i l t e red  off and washed with abs .  e ther .  T h e r e  was obtained 
3.5 g (89%) of 3 -me thy l -9 - (5 -d ime thy laminobu tad ieny l idene ) -2 -aza f luo rene ,  IX, as a br ight  orange ]precipitate,  
mp 76-84~ f r o m  b e n z e n e - h e x a n e  mix ture .  UV: ~max in C2HsOH , 248 (~ 21,000) and 440 nm (e 17,300). 
F r o m  PMR spec t rum  (CDCla, 5, ppm) IX is a 1:3 mix tu re  of two i s o m e r s ,  A and B, (at the ~, f~ doable bond): 
2.58 (CHa), 2.78 (N(CH3)2), 5.9 (H~), 5.85 (H~), 6.77 (Hi ) ,  6.74 (H~3), 7-7.86 (H f~ and Ph pro tons) ,  8.74 (H~) 
and 8.97 (H~). Jc~,fl = ~ , , /  = 12 Hz (both i s o m e r s ) .  Found: C 82.34; H 7.10; N 10.48%. CtsH18N 2. Calculated: 
C 82.4; H 6.92; N 10.68g. 

React ion of Ia with Malonodintri le .  To 1.5 g of malonodini t r i le  in 15 ml.  of abs.  e ther  was added4 g of 
Ia. A p rec ip i t a t e  f o r m e d  immedia te ly ;  it was washed with abs.  e ther  and f i l t e red  off. A p rec ip i t a t e  3 g, was 
obtained,  which by PMR, shown below, contains a 5:1:1 mix tu re  of X, XI, and XII. Xma x in C2HsOH , 312, 376, 
and 445 rim. Recrys ta l l i za t ion  f r o m  methanol  yielded 2.0 g of X, mp 130-132~ compare  [9], 7tma x in C2HsOH , 
376 nm (e 49,300). PMR of X (/5, ppm,  CDCla): 2.93 and 3.14 (6 H, N(CHa)2), 5.47 m (1 H, H�89 7.1 d (1 H, ~fS), 
7.17 d (1 H, H/3), Jfi,~/= JT ,5 = 12 Hz. IR (KBr, v, cm -1) : 1565 s. broad,  1635 s. b road  (C = C), 220(1 s. and 
2210 s~ (CN). 

Compound XII was s e p a r a t e d  f rom the mo the r  liquor by p r e p a r a t i v e  TLC on SiO 2 (14:1 C2H~OH:NH~OH ) 
as a br ight  orange  p rec ip i t a t e ,  mp 158-160~ Xma x in C2H5OH , 445 nm (~ 78,900). PMR of XII(5, ppm,  CDCI a + 
CD3OD): 6.02 t (1 H, HY), 7.06 broad  d (2 H, H/?, and HT), J~,~/ and J,/,5 =- 12 and 13 Hz. 

IR spec t rum  (KBr, v, cm- i ) :  1565 s . b r  (C=C) ,  2205 s. b r  (conjugated CN), 3180 m . b r  ONH). Mass  
s p e c t r u m  (m/z):  168 (M) +. During TLC in SiO 2 (C2HsOH :NHaOH , 14:17 X gave a pa le  yellow spot  (Rf 0.57) 
when developed in I2; XII gave a b r igh t  yellow spot (Rf 0.8) without development .  PMR s p e c t r u m  of XI (5, 

*V~I was separated in the usual way. 
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ppm, CDCI3): 3.08 and 3.28 (12 H, N(CH~2), 5.13 t (IH, H~), 7.45 d (2H, H (~ and HY) in the 3-3.3 region 

(C--~H(CN)2) Jo~,fi = J~,y = 12 Hz. 

React ion of Ia with Methyl Cyanoace ta te .  To 0.1 g of  methyl  cyanoaceta te  was added0.17 g of Iao A 
yellow p rec ip i t a t e  f o rm ed  immedia te ly .  Abs. e ther ,  1 ml ,  was added and 0.14 g of a mix tu re  of th ree  p roduc ts ,  
desc r ibed  above,  was f i l t e red  off~ 

The authors  thank N. S. P r o s t a k o v  for  providing the sample  of 3 -me thy l -2 -aza f luo rene .  

CONCLUSIONS 

L In the reaction of alcohols with fl-dimethylaminoacrolein aminal and ~-methyl0phenyl)-fl-dimethyl- 
aminoacrolein aminal-acetal, salts of 3-dimethylaminopropenylidenedimethylamine are formed, which in 
concentrated solution are easily converted to ~,fi-tmsaturated fi-dimethylaminoaldehydes. 

2. In the reaction of fi-dimethylaminoacrolein aminal with CH acids, salts of 3-dimethylaminopropenyl- 
idenedimethylamine are formed with the CH acid anions; these are intermediates in the formation ofdiene 
5-dimethylamines. Moreover, the reaction of malonodinitrile and methyl cyanoacetate forms diene ketenimines. 
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