
UDC 542. 953.4 

S T R U C T U R E  AND R E A C T I V I T Y  OF THE C O N D E N S A T I O N  P R O D U C T S  
A R O M A T I C  A M I N E S  W I T H  A L I P H A T I C  A L D E H Y D E S  

V I I .  S y n t h e s i s  a nd  S t r u c t u r e  of  B i s - p r o p y l i d e n e a r y l a m i n e s *  

OF 

V. I o Minkin, L. E. Nivorozhkin, and A. V. Knyazev 

Khimiya Geterotsiklicheskikh Soedinenii, Vol. 2, No. 3, pp. 409-418, 1966 

A number of previously undescribed propylidenearylamine dimers have been synthesized by the interaction 
of propionaldehyde with a series of para-substituted anilines (R = H, CH 3, OCH 3, F, C1, Br, I) and with c~- 
naphthylamine. The structure of the bis-propylidenearylamines has been established by a study of their IR 
and UV spectra. It has been shown that all the bis-propylidenearylamines, except for bis(propylidene-p- 
fluoroaniline), have the structure of 2-ethyl-3 -methyl -4-ary lamino-1 ,  2, 3, 4-tetrahydroquinolines. The 
dipole moments of the bis(propylidene-p-R-anilines) have been determined. Comparison of the values ob- 
tained with the calculated values indicates that the most favorable molecular conformation of the bis- 
propylidenearylamines is a tetrahydroquinoline half-chain with quasi-equatorial positions for the 4-NHAr 
and NH groups and an equatorial 3-CH3 group. In contrast to the bis-ethylideneanilines, we did not suc- 
ceed in finding other stable conformers for the bis-propylidene derivatives. It has been established that 
bis (propylidene-p-fluoroaniline) has the 1, ,~-bis (p-f luorophenylamino)-2-e thyl- l -hexene structure. 

We have previously shown [1, 2] that the alkylidenearytamine dimers formed on condensation of higher aliphatic 
aldehydes (beginning with n-butyric) with aromatic amines exist in the noncyclic enamine form (I), while the condensa- 
tion products with acetaldehyde (bis-ethytidenearylamines) have the cyclic tetrahydroquinoline structure (II) [3, 4]. 

It appeared interesting to discover which of these two possible structures (I or II) applies to the propylidenearyl- 
amine dimers, which we synthesized by the interaction of propionaldehyde with aniline and with a series of its p-;substi- 
tution products under conditions analogous to those described in [1, 5]. A detailed characterization of the resulting bis- 
propylidenearylamines is given in Table 1. The only compound of this type whose synthesis had previously been a c -  
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Fig. 1. IR spectra: 1) bis-ethylideneaniline 
(isomer having mp 126 ~ C); 2)bis-propyl i -  
deneaniline; a) bis( propylidene-p-fluoro- 

aniline). 

complished [6] is the product from the reaction of propionaldehyde 
with aniline in neutral medium. The azomethine structure III was 
ascribed to this product. 

v H k ' ~  ~ - - -N- -CH- -C= CIt--N--~H v / ~ J  ~ N / C t t - - R "  

It 
1 I I  

=N5  
I l l  

The choice among structures I - t l i  was made on the basis of the 
UV and IR spectra. In contrast to structure I, the intense band of the 
C=C bond stretching vibration, which is characteristic of enamines 
[7] and appears in the 1640-1670 c m ' t  region in compounds of type 
I [1, 2], is absent from the IR spectra of the bis-propylideneanilines. 
If the structure III, which is tautomeric with I, existed, the VC= N 
band [8] would have to lie in the same region, or at even shorter 
wavelengths. At the same t ime, the spectra of the bis-propylidene- 
arylamines are completely analogous to the spectra of the correspond- 
ing cyclic bis-ethylidenearylamines [5] (Fig. 1). The intense band 
found in the 1600-1618 c m ' t  interval in the various bis-propylidene- 

arylamines belongs to a vibration of  the molecular fragment 

I I 
A r - - N - - C - - C - -  

i I I 

*For communicat ion VI, see [1]. 
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as has already been shown [5]. 

The UV spectra are no less indicative. As can be seen from Fig. 2, the UV spectrum of bis-propylideneaniline 
almost coincides with the spectrum of II, but differs substantially from the spectrum of the enamine I (R' = CsH 7. 
R" = CzHs). The absorption curves of the bis-propylideneaniline derivatives, some of which are shown in Fig. 8, appear 
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Fig. 2. UV spectra: 1) bis-ethylideneaniline 
(isomer having mp 126 ~ CN 2) bis-propylidene- 
aniline; 3) bisbutytideneaniline (I,  R' = n-C3HT, 
R" = CzHs); 4) bis(propylidene-p-fluoroaniline). 

similar to the spectrum of the parent compound. All this en-  
ables us to ascribe the tetrahydroquinoline structure II (R' = 
= C2H 5, R" = CHs), to the bis-_propylidenearylamines. 

The only exception is the UV spectrum of bis(propylidene- 
p-fluoroaniline), which corresponds to the enamine structure I, 
as follows from a comparison with the spectrum of I (Fig. 2). 
This structure is also confirmed by the IR spectrum (Fig. 1), in 
which the uC= C band at 1662 cm -1 can be distinctly traced. 

This peculiarity of the structure of bis (propylidene-p-fluoro- 
aniline), which distinguishes it from the remaining propylidene- 
arylamine dimers, is connected neither with the method of syn- 
thesis, which was the same for all the dimers, nor(as was es-  
tablished by special experiments) with possible fluctuations in 
the acidity of the reaction medium, which sometimes exert a 
substantial influence on the course of similar reactions [9]. The 
probable cause for the blockage of the transformation of structure 
I into II is the low nucleophilicity of the meta (relative to fluor- 
ine) carbon atom, at which position the electrophilic closure of 
the tetrahydroquinoline ring takes place. Actually, since the 
effect of a para substituent in the aniline nucleus on the magni -  

tude of the effective charge at the meta position (relative to the substituent) is exerted mainly through its I-effect ,  one 
may expect that fluorine, which possesses the most powerful - - I -effect  of  all the substituents studied, will create the 
greatest difficulties for cyclization into structure II. 

The tetrahydroquinoline structure of the bis-propylidene- 
arylamine dimers implies the possibility of their existence in the 
form of several conformers, differing primarily in the type of 
half-chair  conformation of the piperidine ring. Thus, in the 
case of bis-ethylideneaniline four such conformers have been 
successfully isolated [4]. However, we have not succeeded in 
detecting appreciable quantities of isomers for any of the bis- 
propylidenearylamines which we have synthesized (Table 1). 
All the products, in contrast to those obtained during the 
synthesis of the bis-ethylideneanilines [8, 4], were chroma- 
tographically homogeneous. 

Determination of the dipole moments of some of the 
bis-propylidenearylamines permits progress toward the es-  
tablishment of their most favorable molecular conformation. 
The moment of compounds of type I! can be represented as 
the sum of the moments of the corresponding 6-substituted 
tetrahydroquinoline ( the alkyl groups in positions 2 and 3 have 
no effect on the dipole moment values) and the arylamine 
residue in position 4 of the the tetrahydroquinoline ring. We 
have computed the tetrahydr0quinoline moments ~T from the 
diagram (Fig. 4) , taking account of the fact that, in the half-  
chair conformation of the piperidine ring of tetrahydroquinoline, 
a quasi-equatorial configuration of the NH group is the most 
favorable [10]. The results of the calculations are contained in 
Table 2. 
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Fig. 9. UV spectra: 1)bis (propyl idene-p- to l -  
uidine); 2) bis(propylidene-p-anisidine); 3) bis 
(propylidene -p-chloroaniline); 4) bis (propyli-  
dene -p-bromoaniline); 5) bis(propylidene -p-  
iodoaniline); 6) bis (propylidene-c~ -naphthyl-  

amine). 

The results of our calculations of the dipole moments of  the bis-propylidenearylamines, on the assumption of free 
rotation of the arylamine group around the C - N  bond, are given in the ~free rot column. Comparison with the experi-  
mental  values ~exp shows that the latter markedly exceed ~free rot" Actually, the free rotation hypothesis, which was 
permissible in analyzing the dipole moment values of the bis-ethylideneanilines, collapses when the dipole moments 
of the bis-propylidenearylamines are considered, since, in this case, free rotation will be hindered by the appearance of 
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of the quasi-equator ia l  methyl  group in position 3 of the tetrahydroquinoline ring. The value of gex ' however, c l o s e l y  

approximates the value obtained by summing the moments of the corresponding tetrahydroquinoline Pnd ary lamine  

(except  for R = CHs). This corresponds to a para l le l  mutual  orientation of the dipole moment  vectors of the te t rahydro-  
quinoline and a ry lamine  moie t ies .  Knowing the vector of the former (Tab le  2) and the orientat ion of the vector  of the 
la t te r  re la t ive  to the N-Ar axis [12], one can establish the position of the arylamino group re la t ive  to the te t rahydro-  
quinoline skeleton,  and can represent the actual  molecular  conformation of the b is -propyl idenearylamines  in the form 
IV (see Fig.  4). The conformation IV corresponds to a piperidine ha l f -cha i r  with a quasi-equatorial  position of the 
4-NHAr and NH groups. Rotation around the C - N  axis is restricted in the region of that configuration of the aryl nucleus 

R 

Calls i~"~H3 

Fig.  4. Stable molecular  conformation of the 
Compounds IV. 

in which the plane of the lat ter  is roughly perpendicular  to 
the plane of the aromat ic  nucleus of the tetrahydroquinoline 
moie ty .  

Zalukaev and Spitsina [12], basing their  conclusions e x -  
clusively on an analysis of the preparat ive data,  have recent ly  

expressed objec t ions  to the ascription of this conformation 
to the most stable c~ -isomer of b i s -e thy l idenean i l ine .  Of these 
objections,  the fundamental  one is their c i ta t ion of the es-  
tabl ishment  of an in t ramolecular  hydrogen bond (IHB) with 
the cycl ic  NH group as the proton donor and the exocyc l ic  
NHAr as the acceptor .  In the opinion of these authors, this 
leads to an increase in the stabil i ty of the conformation with 
quas i -axia l  configurations of the NH and 4-NHAr groups and, 
evident ly ,  to a change of the geometry of the ring into a ha l f -  
boat .  However, nei ther  this conformation nor any other meets 
the conditions for the formation of an l i D ,  since,  first, the 
N H . . . N  groups are not col l inear ,  which, at the large N , . . N  
distance of about 3 /~, ei ther excludes the possibility of an 
IID or reduces its ~nergy to a minimum; and, second, as has 
been shown [14], the low basic i ty  of the electron pair of the 

amino group in aryl amines,  in conjunction with the low acidi ty  of the NH group, leads to the absence of an N H . . . N  
hydrogen bond in anilines,  even when the geometry is favorable .  To this it must be added that a conformation of type 

V is energet ica l ly  roughly 2 .7  k c a l / m o l e  less favorable than the ha l f -cha i r  IV, while the quas i -equator ia l  position of 
the e lect ron pair of the cyc l ic  nitrogen is unfavorable because of t h e  part ial  loss of its energy of conjugation with the 
w-electrons of the benzene ring in comparison with the quasi -axia l  configuration.  

It is interesting to note that the dipote moments 
of the cycl ic  structures II,  espec ia l ly  the halogenated 
derivat ives,  are considerably higher than those of their  
enamine analogs I [1, 16]. This provides one more test 
for checking whether b is -a tkyl ideneary lamines  belong 
to the cycl ic  or enamine forms. Thus, the dipole moment  
measured in the present work for b i s (bu ty l i dene -p - ioda n i l -  
ine),  which exists in the cycl ic  form ( type  II),  as has been 
shown [2] on the basis of UV and IR spectral  data ,  equals 
4.51 D, while the moments of its fluorine and chlorine 

analogs I R' = CsH 7, R" = C2H 5 amount to 8.21 [1] and 
a. 6a D [16], respect ively .  

Table  2 

H 

c=H~__ R R', R; 
" . e . <  

CH~ X 
H 

Fig.  5. Fig.  6. 

Calcula ted  and Experimental  Dipole Moments of  Compounds of Structure IV, D 

R m x my mz ~r free rot ~ar [11] /JY +~ar ~exp 

H 
CH3 
C1 
Br 
I 

L 1.25 
- -  1 . 0 5  
--2.05 
- 2 . 0 3  
- 1 . 9 6  

20.55 1-1.28 - -0 .89 - 1.28 
.1.1.0.83 - 1.28 
-1-t-0.81 -- 1.28 
-1-t-0,68 --1.28 

1.86 2,54 
1,88 2.29 
2.55 3.98 
2.53 3.95 
2.43 3.75 

1.55 
1 . 3 2  
3.00 

: 3.01 
2.82 

3.4i 
3,20 
5.55 
5.54 
5.25 

* Note: The position of the coordinate axes is shown in Fig.  4. 

2.96 
1.93 
5.85 
5.69 
5.46 
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Table  3 

Polar izat ion and Refraction of the Compounds II 

t~ N, mole  frac Pco, era3! RD , cm 8 

H 
CHa 
C1 
Br 
I 
II* 

0.002784--0.011963 
0.002834--0,007053 
0.002006--0.007690 
0.001708--0.007022 
0.001604--0006026 
0.001325--0.002868 

262,6 83.3 
169.0 92.6 
892 93,0 
76I 98.8 
718 109,2 
534 118.5 

* Bis (buty l idene-p- iodani l ine) ,  gexp = 4.51 D. 

Experimental 

The bis-propyl idenearylamines  were obtained by one of the following procedures. 

a) By keeping methanol ic  solutions of equimolar  quantities of freshly redis t i l led propionaldehyde and the appro-  
priate aryl amine,  acidif ied with 1 - 2  drops of g lac ia l  ace t ic  acid,  for 2 - 4  days at room temperature;  

b) by mel t ing the reagents together with subsequent storage of the react ion mass in the refrigerator for 2 - 3  days. 
The solidif ied react ion product was f i l tered off, washed with petroleum ether, and recrysta l l ized several  t imes from an 
appropriate solvent (Table 1). All  the b is-propyl idenearylamines  are colorless, wel l - formed crystals. 

The IR absorption spectra were taken in chloroform solution (concentra t ion 1 : 400, layer thickness 0. 116 ram) on 
a UR-10 instrument with a NaC1 prism. The UV spectra were obtained on an SF-4 spectrophotometer  in methanol ic  
solutions at concentrations of 10"4-10 -s M. 

The procedure for measuring the dipole moments has been described in [1G 18]. The measurements were made in 
benzene solutions at 25o4 - 0.05 ~ C. The polar izat ion at infini te dilution P~ was obtained by graphical  extrapolat ion to 
zero concentration; the molecular  refraction was computed as the sum of bond refractions; the a tomic  polar izat ion was 
disregarded. The results are presented in Table  3. 
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