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Nuclear Magnetic Resonance Investigations of lminium Ion Intermediates. 
Part 9.t Multinuclear Study of the Reaction between Lewis Acids and 
Vinylogous Amides 

By Jean Dorie," Jean-Paul Gouesnard, and Maryvonne L. Martin, Laboratoire de Chimie Organique 
Physique, E.R.A. 31 5 CNRS, 2 rue de la Houssinidre, 44072 Nantes, France 

When treated with Lewis acids the vinylogous amides have analogous synthetic behaviour to that of amides. The 
structure and the electronic properties of the intermediate complexes formed in the course of the reactions between 
COCI, or POCI, and enaminoaldehydes, enaminoketones, orp-dimethylaminobenzaldehyde have been investigated. 
These complexes are identified and the mechanism is compared with that of the Vilsmeier reaction. The stereo- 
chemistry of the products is elucidated and examined in the light of the possible exchange processes. Electron 
delocalization in both the neutral compounds and cations of the type (CH,),N : C : C 111 C 2 A are discussed 
on the basis of nitrogen chemical shifts and rotational barriers. 

THE reaction of amides with a Lewis acid such as POCI,, 
POBr,, SOCl,, or COCI, provides an important method 
of formylation. Treatment of dimethylfonnamide gives 
an intermediate (l) ,  which has been the subject of con- 
flicting interpretations but which is now unambiguously 
identified; the mechanism of the reaction has been 

/A 8- A = CI, Br CH3\ 

CH3 'H 
/ N + C  B = CI, Br, OPOCt2, OPOBr2 

(1 1 
1 1  

clarified., Vin ylogous amides, (CH,) 2N-( C=C) ,-COR, 
which are species of lower basicity than amides, are also 
utilized in various syntheses and it was interesting to 
investigate the mechanism of their reaction with Lewis 
acids. Thus covalent or ionic species of types (2) and (3), 
which were postulated as intermediates, but not ob- 
served in detectable amounts, in the reactions involving 
amides, possibly exist with their vinylogues. 

H 
C 1- 

CH3 OpoCl2 

( 2 )  (3 1 
We have thus examined to what extent the mechanisms 

identified for the reactions of amides, acetamides, etc. 
can be transposed to the compounds in which either one 
or several double bonds or an aromatic ring is incor- 
porated between the nitrogen and the carbonyl of the 
amide fragment. Our aim was therefore to identify the 
structure, and to specify the stereochemistry of the 
complexes eventually formed in the course of the re- 
actions. Moreover, since the reactivity may depend 
on the delocalization of the nitrogen lone pair along the 
>N -2 C -2 C C II-' A framework, we have investigated 
this problem by examining the behaviour of the nitrogen 
chemical shift as a function of the rotational barrier, 
according to a methodology which has already been 

t Part 8, S. Poignant, J .  R. Gauvreau, and G. J .  Martin, Can. 
J ,  Chem., 1980, 58, 946. 

developed from a more general point of view.4 
study was performed by lH, 13C, ,lP, and 15N n.m.r. 

This 

EXPERIMENTAL 

MaleriaZs.-The vinylogous amides were synthesized as 
described previously.6 p-Dimethylaminobenzaldehyde was 
a commercial sample. The reagents used were carefully 
dried and distilled. All reactions were performed using an 
air tight apparatus flushed with dry argon.2 

In some cases, salts (particularly those obtained with 
COC1,) were crystallized before dissolving in the appropriate 
solvent. The intermediate species which were observed at  
lower temperatures (263 K) were not isolated. 

N.m.r. Measurements.--'H Spectra were studied on 
Varian A 60 and XL100-12 spectrometers operating in the 
continuous wave mode. The 13C chemical shifts a t  25.18 
MHz were measured at  305 K for CDC1, solutions using a 
Varian XL 100-12 spectrometer: spectral width 5 000 Hz, 
acquisition time 0.8 s. Chemical shifts are reported in 
p.p.m. from internal tetramethylsilane. 

Proton noise-decoupled l6N spectra were recorded at  
9.117 MHz at  the natural abundance level with a Briiker 
WH 90 DS spectrometer : spectral width 6 000 Hz, acquisi- 
tion time 0.34 s, pulse angle 35", temperature 300 K. 
Cr(acac), ( 0 . 0 8 ~ )  was added to the samples. The shifts 
were referred to an external D,O-D+ (lock signal) solution of 
30% l5N enriched NaNO, contained in a coaxial 2 mm tube 
centred in a 10 mm sample tube. These shifts values have 
been converted to the nitromethane scale by applying the 
correction PN/CH,NO, = 8l5N/NO3- - 1.5. 

RESULTS AND DISCUSSION 

Structure and Stereochemistry of the Vinylogous 
Amides.-The n.m.r. parameters of the vinylogous 
amides are given in Tables 1 and 2. By taking into 
account the effect of the substituent electronegativities 
upon the coupling constants, trans-geometry can be 
assigned to compounds (5) ,  (14), (22), and (24). In 
order to define the conformation about the =C(2)-C(l)=O 
bond we have determined the shifts induced by the 
lanthanide derivative Eu(fod),. Table 3 gives the 
values of the initial slopes of the curves which represent 
the variations of the induced shifts as a function of p, 



TABLE 1 
lH and 13C n.m.r. parameters for compounds ( 5 ) ,  ( I  I ) ,  and derivatives (2111 solutions in CL)Cl,). An intermediate species 

Recordings were carried out  a t  263 K for compounds (5 ' ) ,  is evident in the mixture of these compounds and POCI,. 

4a CH3, 
~~ CH3,N-CH=CH-CH0 

3 2 1  

cH3)N-CH-CH=€HCI' OPOCI; 
CH3 

Nucleus 
8H 
6c: 
Jc x/Hz 
SH 
6H 
sc 
Jc-HIHZ 
SH 
6C 
JC n / H z  

SH 
6U 

SH 
Sc 

SH 
so 
Jc--H/Hz 
6H 
6c 
Jc-HIHZ 

SE 
sc 
SH 
sc 
Jc-H/~Iz 

1 
9.02 

188 
161 

9.02 
8.47 

1 ti8 
194 

I55 
204 

8.25 

8.38 
156 

8.52 
165.8 a 

7.!)6 
168.5 a 
176 

8.6 
1 9c) 
166 

7.27 

7.58 

131.5 

150.6 
199 

2 
5.02 

100.8 
157 

5.1 
6.05 

100 
164 

125 
174 

7. :i 

7.52 
126 

6.35 

6.12 

9!l.9 

!) 9 
165.5 

1 oa 
155.5 

103 

133 
-168 

5.19 

6.43 

6.84 

7 
7.15 

160.7 
163.5 

7.17 
8.16 

157 
178.6 

I69 
181 

9.18 

9.49 
1 7 0  

9.40 
l i 6 .4  a 

8.30 
177 a 
186 

h 
168 

h 
177 

b 
175.5 

4a 

37 
1:39 

2.98 

2.87 
3.33 

39.6 
145 

3.68 
42.1 

146 

x n i  
44 

3.57 

3.43 

40.7 

40 
143 

2.89 
40.3 

139 

3.21 

3.58 

42.6 

45.4 
144 

4h 

44.5 
2.98 

139 

3.19 
3.58 

47.7 
145 

3.83 
49.7 

146 

3.59 
51 

3.74 

3.59 

48.1 

48 
143 

2.83 
40.3 

139 

3.57 

3.98 

44.8 

47.6 
144 

5 6 Jl-,/€iz 
8.2 

8.2 
2: 11 

12.8 

13  

4.44 1.42 11 

4.10 -12 
60 

14'3 
8.3 

11.2 

13.2 

n Tentative assignment. b Centre of the C,H, pattern: 6 7.34 for (ll), 7.50 for (12), 7.67 for (13). 

TABLE 2 
lH and 13C n.1n.r. parameters for compounds (14)-(24) and derivatives ( 2 ~  solutions in CDCl,) 

C 

(181 

(19) 

Nucleus 1 
8H 
6c 198 
Jc-HIHz 

8H 
6c 167.4 
Jc--H/ EI z 

SH 
SC 164.7 
Jc-HIHz 
SU 
6C 189.4 

SU 
8C 187.3 

SH 9.47 

SH 7.93 

6H 8.5 

SH 
&; 188 
Jc-H / H z 

SH 

Jc-H / H z 
k! 161.6 

SH !J.17 
8c 191 
Jc-H/Hz 163 

SH 7.22 
SC 139 
Jc-HIHz 197 

SIX 7.22 
k! 135 
Jc-HIHz 201 

2 
5.0 

97.5 
155.3 

7.12 
119.3 
169.5 

117.3 
169 

6.83 

5.85 
98.1 

5.48 
95.9 

5.07 

7.12 

6.53 

5.7 
92 

156.5 

114.3 
164 

118 
156 

6.93 
132.5 .f 
162 

6.9 
128.5 f 
160 

7.63 

5.63 

3 
7.43 

151 
164 

8.75 
165 

2.180 

9.17 
165.8 

8.19 
2: 180 

166.1 

8.46 
163.3 

7.77 
155 
165 

166 
183 

158 
146 

8.97 

7.0 

7.68 
356.4f 
159 

7.95 
152 f 
156 

4a 
2.92 

37 
140 

3.72 
41.8 

144 

3.65 
42.6 

3.29 
144 

39.7 

3.33 
39.7 

2.99 

~ 3 . F 3  

-3.62 

2.!)1 
37.3 

140 

4 3 
145 

3.78 

3.0 
40.3 

139 

3.62 
41.7 

144 

3.65 
41.6 

144 

4b 
2.92 

45 
140 

3.90 
49.9 

144 

3.90 
49.9 

3.29 
144 

48.4 

3.53 
48.4 

2.99 

3.88 

3.88 

2.91 
44.9 

140 
3.88 

50.4 

3.0 
40.3 

145 

139 

3.77 
49.4 

144 

3.81 
49.3 

144 

5 
2.03 

27.4 
125.6 

2.65 
24.6 

132 

2.76 
29.3 

2.40 
132 

18.6 

2.38 
23.7 

2.26 

2.63 

2.75 

6.17 
9 i  

155 

7.0 
120.2f 
164 

6.88 
122.51 
160 

Js-al H z 
12.6 

12.6 
r 1 1 . 2  

10.6 

10.6 

11 

-11 

10.2 Q 

11 a 

12.5 

11.3 

8.0 

13.0 

14.5 

12.0 

10.0 

6.83 8 d 14.4 
1 54 
163 

8.66 13.0d 10.6 
170 
182 

8.78 l3 .0a  7.6 
170.5 
182 

n Owing to  coupling through the nitrogen atom thesignals of H(3) are usually broadened in the salts. However the couplings are resolved for compounds (15) and (16); 
c As these products are obtained as mixtures with compounds (14) or (15),(16) the 'T spectra are not easily assigned. 

e The 'H spectra show the presence of two compounds (25) and (26.) but 
'J1.5 1.15, 'JS-, u 1,2 Hz. 
d J3-o 11.5 in (24), 14.5 in (a>), and 14 in (26): 
the complexity makes the assignment uncertain. f Tentative assignment. 

Q Results from ref. 15. 
Jse6 12.5 in (24), 11 in (25), and 11 Hz  in (26). 
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the ratio of the lanthanide concentration to the substrate 
concentration, for solutions containing 0.5M-substrate in 
CDCl,. On the basis of the MacConnell-Robertson 
equation,6 these results are satisfactorily interpreted by 
assuming that the lanthanide complex interacts with a 
lone pair on the oxygen atom, one situated towards the 
formyl hydrogen in compound (5) for example. Thus 
an important paramagnetic effect of the lanthanide is 

observed in enaminoaldehydes, JH(1,H(2) is larger than 
JH(2)H(3) in the salts. This beliaviour which corresponds 
to the important double character of the N-C(3) and 
C(2)-C(1) bonds is related to the delocalization of the 
nitrogen lone pair oi electrons which will be discussed 
later. 

React ion of the Enamifloaldehydes or Enaminoketones 
with POCl,.-We have shown that the reaction of POCl, 

TABLE 3 

of the results to a unit value of the ratio p = [Eu(fod),] : [substrate] 
Proton shifts A8[ = 6 (adduct) - 6 (substrate)] induced by Eu(fod),. These values were obtained by a linear extrapolation 

I-I(1) H(2) H(3) (CH3) ,N Ar 

(CIC,) ,N-$H=gH-FHO N O  8.4  3.2 2.2 

8.2 4.4 11.1 1.82 
( 5)  

(14) 

Ill) 

(CH,) ,N-CH=CH-COCH, 

8.6 2.1 0 (CH,),N-CC,H,=CH-CHO -0.6 

4 . 4  17.4 2.6 ortho 10 
meta 1.9 
para 1.9 

noted for the hydrogen in position 3 of coinpoiinds ( 1  4) 
and especially (22), but for compounds (5) and (11) the 
most important effect concerns the hydrogen in position 
2. I t  can be concluded that enaminoaldcliydes or 
enaminoketones adopt preferentially an s-trans con- 
formation for compounds (5) and (11) and an s-cis con- 
formation for compound (22) whereas an equilibrium 
between the S-cis and s-trans conformations is predicted 
for compound (14). This last result is in accordance with 
the observation of both the s-cis (30%) and s-tram forms 
in the lH and 13C spectra obtained at  low temperatures.' 
It should be noted however that a modification of the 
conformational equilibrium under the influence of an 
addition of the lanthanide reagent cannot be excluded.* 

Reaction of the Enamifloaldehydes with COCl,.-The 
reaction of COCl, with the enaminoaldehyde (5) can be 
written as in equation (1) .  The formation of salts of 
type (8) is corroborated by the large paramagnetic shifts 

with amides gives salts of structure (1) .  The existence 
in solution (CHCl,, CH2C12, CH,CN) at  equilibrium of 
significant proportions of species of types (2) or (3) has 
been exc ludd2 It was therefore interesting to identify 
the species obtained with the vinylogous amides. 
When POCl, is added to an enaminoaldehyde or an 
enaminoketone two situations can be distinguished. 

(a) With compounds (5 )  and (1 1) in CDCl, a t  263 K the 
n.m.r. recording shows the superposition of two spectra 
of (6) and (7) or (12) and (13) (Table 1) .  For an equimolar 
mixture of (5) or (1 1) and POCl, the spectrum (6) or (12) 
irreversibly disappears to give slowly the spectrum of (7) 
or (13). As in the case of amides the species finally 
obtained, (7) or (13), can be identified as ionic structures 

with the anion OPOC1,-,(CH,),N 2 b 6 = CHC1"- 
OPOCl,-. Thus the n.m.r. parameters of (7) are very 
similar to those of (8) and no coupling with phos- 

(cH,),N- CH=CHCHO t COCI, -+ (CH,),N=CH-CH-CHCI+ CI- + co, (1) 

of the proton and carbon nuclei, with the exception of 
site 1 which has lost its ketone character (Table 1).  The 
proton and carbon shifts are not affected by changing the 
anion in these salts [see (7) and (S)]. Thus the salts 
prepared with COCl, or POCl, are of similar structure. 
In  addition the C-H coupling constants are noticeably 
enhanced. Thus 1Jc(4)-~ of the methyl groups [146 Hz 
in (7)] is the same order of magnitude as in salt (1) 
(lJu-H ca. 146 Hz This interpretation is also sup- 
ported by the relatively large values of 3JH(1>-H(2) and the 
broadening of the H(3) signals due to coupling through 
nitrogen; thus 4 J ~ - ~ - ~ - ~ ~ 3  has been measured as 1.2 Hz 
in (15) for example. Moreover in contrast to the trend 

pliorus is observed. Moreover a 31P signal a t  ca. -5 
p.p.m. with respect to H,P04 can be attributed to the 
anion 0P0C12-.2~ This interpretation is corroborated 
by the 15N results (Table 5). Indeed the nitrogen 
chemical shifts of the complexes prepared from POC1, are 
very similar to those of the complexes prepared with 
COCl,. Thus ~ N / ~ = , N O ,  = -174.4 and -171.4 p.p.m. 
for the complexes of DMF with POC1, and COCl,, 
respectively, and for the vinylogous amides ~N/cH,NO, = 
-195.5 in (7) and -194.4 p.p.m. in (8). In contrast 8~ 
is found in different ranges for the oxygenated cations 
of the salts (CH,)2N-CHOCH3+,0S0,F-( -236 p.p.m.) 
or (CH,),N CH CH CH OCH,+,OSO,F-( -224 



p.p.m.). A structure of the type (CH,),N zCH -CH *= 

CHOPOCl,+,Cl- may therefore be excluded. 
For an equimolar mixture of (5) and POCl, the 

n.m.r. parameters of (6) are rather similar to those of the 
salt (9) obtained through the reaction of (1) with CH,= 
CHOEt and t o  those of the salt (10) which results from 
the reaction of FSO,CH, with (5). However the para- 
meters of the complex between (5) and AlCl,, for example, 
are also found in analogous ranges. Moreover, if a large 
excess of amide (5) is added to compound (7), a species 
comparable to (6) appears again without noticeably 
modifying the quantity of (7). Thus when the salt (7) 
is formed, aggregates resulting from strong interactions 
of type (4) are likely to exist. 

(c H& 6"CH-C H-CH - 0'. C h - C  H=CH- N ( C ~ ) 2 0 p O C 1 ~  z (6) 

( 5 )  (4) (7 1 

It should also be noted that an exchange reaction 
between the enaminoaldehyde and the corresponding salt- 
may occur. Thus an averaged spectrum is observed a t  
room temperature when a small amount of salt (8) is 

in various chlorinated iminium salts,4cs9 is slower in the 
case of the vinylogous salts. Moreover since this 
exchange phenomenon is slow on the n.m.r. time scale 
the possibility that the spectrum is actually a weighted 
mean over ionic species [of types (1) and (3)] involving 
OPOCl, either in the cation or in the anion can be 
definitively excluded. Indeed in the case of the viny- 
logous salts such an exchange process, which would 
involve a covalent intermediate of type (2), would be 
expected to simultaneously average the spectra of the 
stereoisomers about the C(l)-C(2) bond. 

It can be noted that the existence of the geometrical 
isomers (15),(16), or (17),(18) corresponds to the presence 
of both s-cis- and s-trans-conformations in the starting 
enaminoketone (14) and can be related to the substitution 
on the carbon of a methyl group which is likely to de- 
stabilize sterically the structures with the methyl cis to 
H(3) with respect to the corresponding trans-structures. 
On this basis a cis-geometry of the phenyl and CH(2) 
groups can be tentatively assigned to the unique salt of 
type (23). The stereoisomerism observed for complexes 
derived from (19) and (24) was attributed to the C(2)- 

TABLE 4 

lH and 13C n .m .r. parameters for p-dimethylaminobenzaldehyde and derivatives ( 2 M  solutions in CDCl,) 
Nucleus 1 2 3 4a 4b 5 6 

. SH 9.69 3.0 3.0 7.68 
189.6 125.2 154.3 39.6 39.6 131.7 

136.4 136.4 160 

129 
47 165 ~ 1 4 5  ~ 1 4 5  

64 -143 -146 45 45 132 
JH-C/HZ 159 ~ 1 4 5  -145 -163 

(27) 'c 
Jc-H/Hz 168.5 

4bCH3' 4aCH3, ~-$h&~o - 
6 5  6.66 3.18 3.18 7.83 

70.3 142.9 144 47 (28) 'C 
JC-R/HZ 180 

5.45 3.02 3.02 7.45 

J P - H ( ~ )  4-6, 4JP--H(b) 2.8, 5JP-H(,) -N 0.5, 'Jp-c(,) 118, 3 J ~ c ( B )  8 Hz; ~ P , H ~ P O ,  40.5 P.P.m. a 2  

6.67 
111 
160.5 

122 
165 

120 
N 163 

7.83 

6.88 

added to (5). From this point of view the behaviour of 
the vinylogous compounds is again similar to that of the 
a m i d e ~ . ~  

(b) When equimolar amounts of POCl, and of the 
enaminoketones (14) or (19) are reacted at  room tem- 
perature we observe immediately the superposition of 
two spectra which can be assigned to geometrical isomers 
of the chlorinated cations (15),(16), and (20),(21) as 
discussed later. 

CC1,- 
B-.-Owing to the delocalization of the nitrogen lone 

pair (see below) a mesomeric structure of type (CH,),N= 
I I I  
C-C=C-Cl,B- is important in the vinylogous Vilsmeier 
salts. Only one stereoisomer is observed for com- 
pounds (7)-(10) and (13) and the n.m.r. parameters 
are typical of a trans,trauts-geometry of (7)-(10) and of a 
tvam-geometry for (13) (Table 1). For the complex 
derived from the enaminoketone (14), the two spectra of 
(15) and (16) which are observed are assigned to the 
stereoisomers about the C(l)-C(2) bond (Table 2). This 
result further demonstrates that the exchange process 
involving the anion, which has been proved to intervene 

I I +  
Stereochemistry of the Salts (CH,),N *z C 111 C 

+ 

C(3) bond. Thus coupling constants of 7.6 and 10.6 Hz 
for (25),(26) were observed, The lH chemical shifts of 
(20) and (21) are different and the stereoisomerism may 
arise on the C(2)-C(3) bond since the J1,, coupling con- 
stants are of similar magnitude. 

Reaction of POC1, with p-Dimethylaminobenza1dehyde.- 
Different behaviour is observed when an aromatic ring 
instead of one or two double bonds is introduced between 
the carbonyl and the amino-groups as in (27). On the 
basis of the n.m.r. parameters (Table 4) the exclusive 
participation of a ionic complex (28') analogous to the 
preceding ones can be excluded. The results are con- 
veniently interpreted by assuming a fast dynamic 

(28') 

equilibrium involving preferentially the covalent struc- 
ture (28). Indeed the proton chemical shift of H(l) is 
very close to that of C,H,CHCl, (6  6.61) lo and the n.m.r. 
parameters are in satisfactory agreement with those of the 
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covalent compound (29) which we have prepared through 
the reaction of PCl, with (27) (Table 4). Indeed it is 
known that the reaction of PCI, with carbonyl compounds 
may lead to covalent species l1 and for (29) it can be veri- 
fied that the phosphorus chemical shifts, 8p/H,po, +40.5 
p.p.m., is very close to  the shift of CH2C1POC1, (+38 
p.p.m.) or CH,POCl, (+43.5 p.p.m.).12 The 15N 
parameters also illustrate the predominant occurrence of 
a covalent form (28) since 8~ of (28) is situated in the 

i7) 

C N E A  (A = CHzCH,, C,H5, Ac, Bz, CHO, 
CHzCHCHO 4b). The slope of the correlation is ca. 
1.3 p.p.m. mol kJ-l. Indeed a relation between 8 N  and 
rotational barriers is likely to have a more general 
character in vinylogous compounds of the type 
(CH@ C C = C-A compared with structures of 
the type (CH,),N 2 C = X 4c since in the former the A 
fragment is not substituted directly on the carbon bound 
to the nitrogen atom. The 15N chemical shift in par- 

TABLE 6 
16N Chemical shifts ( 2 ~  solutions in CDC1,) 

A 

{;H3 

€3 

OSO,F 
OPOCI, 

Cl 
c10, 
OSOaF 
Cl 

OPOCl, 

C1 

C1 

33 
POCl, 
OPOC1, 

-236 ‘ 
- 174.4 

- 171.4 a 

-257.7 a 

- 224.0 

- 220.1 

- 195.6 

- 194.4 

-218.3 
--248.1 “(1)) 
-268.3 [N(2)] 
-191.4 [N(l)]  
-322.8 [N(2)] 

- 328.8 
- 338.0 

“ A n  erroneous report has been given for this compound in J .  A m .  Chern. SOC., 1977, 99, 1381. alCef. IS. Ref. 4c. dThe 
assignment of 6[N(l)], 6[N(2)], 6[C(2)], 6[C(4)] is arnbiguou~.~~ 

same range ( 8 N , ~ s ~ o ,  -338 p.p.m.) as that of the co- 
valent species (29) (-328.8 p.p.m.) whereas BN of the ionic 
structures is found a t  higher frequencies (Table 5 ) .  
This result is in accord with a relatively low delocaliza- 
tion of the nitrogen lone pair in (28) (see below). 

Delocalixation of the Nitrogen Lone Pairs of E1ectyons.- 
In conjugated systems nitrogen chemical shifts provide 
useful information about the delocalization of the nitro- 
gen lone pair of electrons, especially when examined in 
conjunction with rotational barriers about N-X bonds.4 
In addition, deviations with respect to the linear relation- 
ship, 8~ = f(AGX), observed in certain series of com- 
pounds may enable particular properties of the chemical 
shift to be emphasized or special rotational mechanisms 
to be d e t e ~ t e d . ~ ~  In neutral enamines and enamino- 
ketones satisfactory linear correlations between 8 N  

and AGI are f o ~ n d . ~ * , l ~  Moreover we observe that the 
ionic species (CH3),N 2 CH CH CH : N(CH,),+,B-, 
for which a rotational barrier of 90 kJ mol-1 has been 
determined,14 can be included in the correlation rela- 
tive to  the neutral compounds of type (CH3)ZN -2 CH 

ticular is therefore expected to reflect electron de- 
localization more closely. As a consequence high 
rotational barriers around the C-N bond are expected in 
the vinylogous salts on the basis of the 15N shifts (Table 
5 ) .  In fact two N-methyl resonances are observed at  
room temperature for most salts (Tables 1 and 2) and a 
coalescence phenomenon appears a t  ca. 370 K (100 MHz) 
for the proton signals of (7) for example. In the 
hypothesis of a first-order process a free energy of activ- 
ation of ca. 82 kJ mol-l is estimated from these results. 
A higher rotational barrier would indeed be expected 
from the value of the 15N shift and this behaviour sug- 
gests that a chlorine exchange process reminiscent of that 
which has been observed in various iminium ~ a l t s , ~ c  
also occurs in the vinylogous compounds. 

We conclude, therefore, that in the salts considered 8~ 
offers an interesting probe of delocalization of the electron 
lone pair. The results then point out the great import- 

ante of a mesomeric structure of type (CH,),N=C-C=C-A 
in salts with A = C1 and to  a somewhat lesser extent 

+- 
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with A = OR. The higher values of 8 N  observed when 
A = (CH,)2N [compounds (34) and (37)] (Table 5) 
reflect the competition between delocalization of the 
lone pairs of both nitrogens. On this basis the sur- 
prisingly different values of 8~ measured for the two 
nitrogens of compound (38) can be explained by the 
importance of a mesomeric structure of type (CH,),- 

N=C-C=C-N( CH,),OPOCl,-. Indeed the chemical shift 
of one nitrogen is relatively close to those of iminium 
salts (Table 5) 2c whereas that of the other nitrogen 
is characteristic of a poorly delocalized lone pair 
and reaches a range of values typical of enamines 
[ 6 ~  -324.5 p.p.m. in (CH,),NCH=CH-C,H, for 
example 46]. This particular behaviour is probably the 
result of a torsion around the C-C bond produced by 
steric hindrance between the chlorine and ethyl sub- 
stituents. Hence it can be concluded that &, which is 
more generally accessible than rotational barriers, may 
provide important information about electron de- 
localization in conjugated salts. Moreover examination 
of the nitrogen shifts in conjunction with dynamic 
parameters may enable particular exchange mechanisms 
to be detected. 
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