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Crystalline [(CH,),N=CH,]X ( lX ,  where X = Br or I) results from the reaction of N,N,N',N'-tetra- 
methylmethylenediamine with CH,Br, or CH,I, at room temperature. Th,e structure of 1Br has been detoermined 
by X-ray crystallography. The crystals are orthorhombic, a = 6.262(2) A,  b = 7.428(3) A, c = 5.651(2) A, z = 2, 
space group Pmmn. The final R = 0.037 for 484 observed reflections. The dimethylmeth~leniminium cation, 1, 
has crystallographically imposed mm2 symmetry, with the C=N bond distance 1.263(5) A, C-N bond distance 
1.474(4) A and the CH,-N-CH, angle 114.4(4)". The Raman spectrum of 1, investigated as the bromide and 
iodide salts, and supplemented by IR data for l,SnBr,, has been fully assigned with the aid of ab initio calcu- 
lations using the 3-21G** basis at the SCF and MP2 levels. Isotopic labelling experiments which generate 
[(CH,),N=CD,]+ from CD,I, have been used in conjunction with N M R  and Raman measurements to investigate 
the reactions leading to the iminium salt. The intermediate [Me,NCH,NMe,CH,NMe,]+ and a cationic polymer 
[Me,N(CH,NMe,),CH,NMe,l"+ are implicated in the reactions which form the basis of the synthesis of 
[ (CH , ) ,N = CH ,] I. 

The dimethylmethyleniminium ion [(CH,),N=CH,] + (1) 
belongs to the class of reactive carbocations which form 
useful organic reagents known as Mannich salts.' Such 
unsaturated cations, which are isostructural and/or isoelec- 
tronic with alkenes, are also of interest as ligands in the coor- 
dination chemistry of metal c o m p l e x e ~ . ~ * ~  Our concern with 
the [Me,N=CH,] + ion stems from investigations of the 
reaction of diamines of the type Me,N(CH,),NMe, with 
dihalides X(CH2),X (X = Br or I) which yield cyclic cations 
where x + y = 3,4 or 5.4*5 In these cases the ring size, includ- 
ing the two quaternary nitrogen centres, is five,6 six' or 
seven,' and each of these types has been characterised 
by an X-ray structure determination, for example 
[Me,N(CH,CH,),NMe,]2+.7 According to this pattern the 
com binat ion N,N,N',N'- t e trame th y lme t h ylenediamine 
(TMMD) with CH,Br, or CH,I, corresponds to x + y = 2 
and could, in principle, generate a cyclic dication with a four- 
membered ring, i.e. [Me,N(CH,),NMe,12 +. A possible alter- 
native is a cationic polymer [Me2NCH2],"+ with halide 
counterions. Such a product may seem unlikely since the 
numerous charges will tend to destabilise the structure; 
however, the present work indicates that materials of this sort 
are formed in solution during the reactions of TMMD with 
dibromomethane or diiodomethane. 

The reaction of TMMD with CH,X,(X = Br or I) in ace- 
tonitrile, or an excess of the dihalomethane as the solvent, 
yields a colourless crystalline solid within a matter of hours 
at ambient temperture. This product proves to be the salt-like 
dimethylmethyleniminium halide, [Me,N=CH,]X (lX, 
where X = Br or I) which we have identified by vibrational 
and NMR spectroscopy and by the X-ray structure determi- 
nation of the bromide. Formation occurs according to the 
equation 

Me,NCH,NMe, + CH,X, + 2[Me,N=CH,]X 

of 

(X = Br or I) 

to furnish the iminium salts 1Br or 11 in pure form without 
by-products. Other preparative methods for 1 are available, 

for example by the reaction of TMMD from acetyl chloride 
which gives lCl,'? ' or from chloromethyldimethylamine 
with AlCl, or SbCl, ." 11 is obtained by heating iodomethyl- 
dimethylammonium iodide.' The cleavage of TMMD with 
Me,SiI13 or CH2ClI'4 has also been proposed. The ability of 
TMMD to react with CH,Br, has been noted in this 
context" but seems not to have been developed into a pre- 
parative method. This is surprising as the consumption of 
TMMD proceeds cleanly employing extra dihalomethane as 
the reaction medium. The commercial reagents require no 
special purification, and the crystalline product can be 
washed with dichloromethane (which does not itself react 
with TMMD) and collected by standard Schlenk-line tech- 
niques. 

This study describes the crystal and molecular structure of 
[(CH,),N=CH,]Br, determined by single-crystal X-ray dif- 
fraction and reports the vibrational spectrum of the iminium 
cation which is assigned using Raman and IR data supported 
by ab initio calculations. Investigations by NMR and Raman 
spectroscopy of the reactions concerned in the formation of 
the iminium salts by the present route are also reported. 

Experimental 
TMMD (Aldrich Chemicals), dibromomethane, diiodome- 
thane and [ZH,]diiodomethane were commercial materials 
and were used without further purification. Reaction mix- 
tures were made up under the fume hood. 

Crystalline [(CH,),N=CH,]X (X = Br or I) was prepared 
by the direct reaction of TMMD with CH,Br, or CH,I, at 
room temperature using an excess (usually threefold) of the 
dihalomethane as the solvent and simply allowing the 
mixture to stand for some days. The product appeared as a 
colourless crystalline solid, from which the liquid phase was 
withdrawn and set aside to continue the process of crys- 
tallisation. Dry dichloromethane was used to wash the crys- 
tals which were collected and stored under dry nitrogen. 
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Table 1 Crystal data for [(CH,),N=CH,]Br 
~~ ~ 

empirical formula 
Mr 
F ( 0  0 0) 
crystal system 
space group 
alA 
b/A 
C I A  
VIA3 
z 
DJg cm-3 
D,/g by flotation in CH,Cl,/CH,Br, 
radiation used 
linear absorption coefficient/cm - 
max. and min. transmission coefficients 

C 3H ,NBr 
138.01 
136 
orthorhombic 
Pmmn 
6.262(2) 
7.428( 3) 
5.651(2) 
262.85( 15) 
2 
1.74 
1.69 
Mo-Ka (Zr filter) 
80.88 
1.OO0, 0.434 

Structure Determination 

Crystallographic data are collected in Table 1. A single 
crystal was transferred to a capillary and sealed under nitro- 
gen. The crystal selected for data collection, measuring 0.74 
m x 0.44 mm x 0.28 mm, was positioned on an Enraf- 
Nonius CAD-4 diffractometer. Intensities were recorded with 
Zr-filtered Mo-Ka radiation (2 = 0.71069 A) using the 01/28 
scan mode and a variable scan speed. Three standard reflec- 
tions monitored every hour showed a 4% variation in inten- 
sity during the data collection and all intensities were 
rescaled on standards. Data were corrected for Lorentz and 
polarisation effects, and for absorption using empirical psi 
scans.16 Of 558 unique reflections measured within the range 
1 < @/degrees < 32, 484 reflections with I/o > 3 were con- 
sidered observed and used in the calculations. The structure 
was solved by direct methods using SHELX8617 and refined 
by full-matrix least-squares on F using SHELX76.l' Hydro- 
gen atoms were located and refined individually. 

The final refinement of 29 parameters converged at 
R = 0.037 and R ,  = 0.036 (w = 1/[02(F) + 0.0131F2]). The 
(maximum shift)/a for any parameter in the final cycle was 
0.001; the highest peak in the difference map was 0.48 k3. 
Final coordinates and thermal parameters are given in Table 
2. The bond lengths and angles are listed in Table 3.t 

Spectroscopy 

IR spectra were recorded on Perkin-Elmer 983 and Digilab 
FTS60 spectrometers. Raman spectra were measured using a 
Jobin Yvon UlOOO spectrometer system with a Spectra 
Physics argon-ion laser tuned to the green line at 514 nm 
with a power of 20-50 mW. NMR spectra were recorded 
using a Bruker AM400 spectrometer operating at 400.137 
MHz for 'H or 100.614 MHz for 13C. Locking signals were 
provided by the deuterium resonance of CDCl,, CD212 or 
CD,CN. 

t Structure factor tables have been deposited at the Cambridge 
Crystallographic Data Centre. 

Table 3 Bond distances and angles for [(CH,),N=CH,]Br 

atom-atom distance/l( atom-atom-atom angle /degrees 

C( 1)-N 1.263(5) C(2)-N-C(1) 
C(2)-N 1.474(4) C( 2)-N- C(2)' 
H(1)-C(1) 0.99(7) H(1)-C(1)-N 
H(2 1)- C( 2) 0.94(8) H(2 1)- C(2)- N 
H(22)-C(2) l.Oo(5) H(22)-C(2)-N 

H( 1)-C( 1)-H( 1)' 
H(22)-C(2)-H(2 1) 
H( 22)-C( 2)-H( 2 1) 
H( 22) - C( 2) - H( 22)" 
C( 1)-N- C(2)- H(22) 

122.8(2) 
114.4(4) 
135(4) 
W 5 )  
105(2) 
9 W )  

119(4) 
119(4) 
lOl(5) 
127.2(4) 

Results and Discussion 
Crystal Structure 

Fig. 1 shows the cation geometry and atomic numbering. The 
dimethylmethyleniminium ion possesses crystallographically 
imposed mm2 site symmetry and is thus required to be 
planar, apart from the hydrogens of the methyl groups. Coor- 
dination at the nitrogen atom is trigonal with a 
CH,-N-CH, angle of 114.4(4)". The bond angle within the 
CH, group is 90(8)". The C-N bonds measure 1.474(4) and 
the C=N distance is 1.263(5) A, which is at the short end of 
the range of values in other iminium ions.','9 For compari- 
son, in the [(CH,),N=C(CH,),]+ ion the C-N-C angle is 
125.4", the C-N distance is 1.51(3) A, and the C-N distance 
is 1.30(2) pi." X-Ray identification of [(CH,),N=CH,]Cl, 
formed as a by-product of the action of HCl on 
Me,N(H)CH,SO, ,21 revealed the dimensions C-N, 
1.464(6); C-N, 1.264(9) 8, and C-N-C, 114.1", which are 
very close to the present values. This compound and 

Fig. 1 Cation geometry and atomic numbering for 
[(CH &,N=CH 2]Br 

Table 2 Final positional and thermal parameters for [(CH,),N=CH JBr 

atom X Y Z u22 '23 u13 u,, 
0.250 0.250 
0.750 0.250 
0.750 0.250 
0.750 0.0832(5) 
0.750 0.156(9) 

0.874 (7) 0.097(6) 
0.750 - 0.01 3( 12) 

0.04454(7) 
0.5428(5) 
0.7663(7) 
0.40 1q7) 
0.89q14) 
0.5 1 1( 15) 
0.29q8) 

0.0447(3) 0.0318(3) 0.0367(3) 0.00 0.00 0.00 
0.037( 1) 0.037(2) 0.02q1) 0.00 0.00 0.00 
0.055(3) 0.048(3) 0.025( 1) 0.00 0.00 0.00 
0.0479(17) 0.0382(17) 0.0353(12) -0.005q14) 0.00 0.00 
0.046(14) 
O.O43( 14) 
0.048(8) 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
94

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

at
 C

hi
ca

go
 o

n 
28

/1
0/

20
14

 0
5:

43
:3

2.
 

View Article Online

http://dx.doi.org/10.1039/ft9949003139


J. CHEM. SOC. FARADAY TRANS., 1994, VOL. 90 3141 

[(CH,),N=CH,]Br have the same orthorhombic space 
group, and are essentially isostructural. The distances of the 
bromide ion from atoms of the cation [Br...C(l), 3.50; 
Br. - C(2), 3.53; Bra. *N, 4.21 A] are such that there appears 
to be no significant bonding between the two, other than 
electrostatic interaction. 

Vibrational Spectra and Assignment of the 
[(CH,),N=CH,] + Ion 

The [(CH,),N=CH,] + cation has C,, symmetry according 
to the X-ray analysis of 1Br. Hence this point group can be 
made the basis of the vibrational assignment since, although 
the cell has D,, symmetry and contains two formula units, no 
site group or correlation effects appear in the spectrum. The 
number of fundamental modes of [(CH,),N=CH,] + is 30, 
comprising 10al + 5a, + 6b, + 9b,. All are Raman active 
and all except the a, species should appear in the IR spec- 
trum. Crystals of 1Br and 11, examined in sealed glass tubes 
under nitrogen, gave good quality Raman spectra, free of 
fluorescence. IR spectra were difficult to obtain because the 
compounds are highly deliquescent and react with water to 
give formaldehyde and MeNH,Br (or I). Salts of 1 with a 
large anion are easier to handle so that we were able to 
record the IR spectrum of l,SnBr, which matches that of 
ISbCl, reported in earlier work.,, 

Fig. 2 shows the Raman spectrum of 11, partially labelled 
by deuterium substitution in the methylene group. NMR 
study confirms that the reaction of TMMD with CD,I, 
occurs without scrambling of the hydrogen atoms and hence 
the spectrum is that of a mixture of [(CH,),N=CH,]+ and 
[(CH,),N=CD,] +. Despite the problem of moisture sensi- 
tivity the IR spectrum was also measured, enabling many of 
the bands to be located amongst others due to the decompo- 
sition products. These IR data are included in Table 4 and 
show close correspondence with the Raman values. 

Assignment of the CH, modes requires little comment, 
being guided by the results of ab initio modelling of the spec- 
trum, as shown in Table 4. The CD, stretching modes are 
plainly visible in the spectra of the deuteriated sample and 
lend support to the assignment of the corresponding CH, 
modes. Of the skeletal modes, those of C-N and C-N 
stretching are of particular interest. The former gives an 
intense Raman band at 1683 cm-' and this mode drops by 
35 cm-' upon deuteriation owing to a contribution from the 
CH, deformation (the replacement of CH, by CD, is com- 
puted to have an effect of 48 cm-'). Even more pronounced 
is the effect on the modes identified as C-N stretches, espe- 

I I1 1 ' .  I 

L 
c 

600.0 1200.0 1800.0 2400.0 3000.0 
Avlcm - ' 

Fig. 2 Raman spectrum of [Me,N=CH,JI containing a propor- 
tion of [Me,N=CD,]I. Starred bands arise from [Me,N=CD,]I. 
Inset : The C=N bands of a sample in the liquid phase. 

cially that of b, type which is mixed with the CH, wagging 
mode of the same symmetry. The result is to move the band 
from 1030 to 813 cm-' (measured in the IR spectrum where 
it is adjacent to a weaker band at 820 cm-' attributable to 
the a ,  C-N stretch of the CH, containing molecule). The 
same near coincidence occurs in the Raman spectrum where 
it explains a gain in the intensity of the band at 817 cm-' 
compared with the spectrum of the sample without the 
labelled component. In support of the assignment of the 
C=N and C-N stretches we note that the earlier IR study 
of 1 as the [SbCl,]- salt2, includes a footnote citing Raman 
lines in solution at 1706 and 818 cm-', both polarised, which 
confirms their identity as a, vibrations. 

Skeletal deformations, which are chiefly bending modes of 
the C-N-C group, occur at 429 and 499 cm-' and the 
assignment of these to a ,  and b, species, respectively, receives 
qualitative support from their Raman intensities and is 
backed up by fair agreement with the computed values. This 
calculation also suggests that the bands at 1 13 and 157 cm - ' 
may be the CH, torsional modes, although their attribution 
to lattice modes is an obvious alternative. Using the fre- 
quencies provided by the Raman and IR spectra of 1, 25 of 
the 30 fundamentals of the [(CH,),N=CH,]+ ion have been 
assigned. Table 4 also includes the values of the other funda- 
mentals (mainly those of a, or b, type) which have not been 
observed, but for which estimates are furnished by the com- 
putational results. 

All the bands in the Raman spectra of crystalline 1Br and 
11 can be ascribed to fundamentals of the iminium ion, except 
for the two weak features at 2050 and 2775 cm-'. These can 
be explained as overtones of the C-N mode at 1030 and the 
CH, deformation at 1409 cm- ', respectively. Apart from the 
suspected lattice modes, only the band at 1030 cm-' of 11 
changes its position appreciably (to 1055 cm-') in the spec- 
trum of 1Br. This band is assigned to a mixed mode compris- 
ing antisymmetric C-N-C stretching and CH, wagging. 

A further check on the validity of the vibrational assign- 
ment according to C,, symmetry can be made by comparison 
with that of 2-methylpropene, (CH,),C=CH, , the molecule 
with which the present iminium ion is isoelectronic. Of par- 
ticular note in that assignment,, are the C-C stretches at 
802 (al) and 970 (b,), and the C-C stretch at 1655 cm-'. 
The cationic species can be expected to exhibit higher fre- 
quencies than the isoelectronic molecular counterpart and 
this is so for the C-N and C=N modes, and indeed for 
most of the other vibrations. Symmetry coordinates and force 
constants for the [Me,N=CH,]+ ion are given in Table 5. 
These are derived from the ab initio calculations described in 
the following section. 

Ab initio Calculations of the Structure and Vibrational 
Frequencies of [ (CH,),N=CH,] + 

Ab initio structures and vibrational spectra were computed 
with the GAUSSIAN 92 package using the in-built 3-21G** 
basis at both the SCF and the MP2 levels. The Raman inten- 
sities were not calculated at the MP2 level owing to the 
absence of the necessary software for the analytic polarisabil- 
ity derivatives. 

The Cartesian force fields were extracted from GAUSSIAN 
and transferred into the symmetrical valence basis shown in 
Table 5 using the author's software, VIBRA90.24 In the 
absence of scaling of the force field the results of the GAUSS- 
IAN package were reproduced. 

It is well established that the SCF values are too large and 
that, to a first approximation, the experimental vibrational 
frequencies are reasonably reproduced by  scaling all calcu- 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
94

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

at
 C

hi
ca

go
 o

n 
28

/1
0/

20
14

 0
5:

43
:3

2.
 

View Article Online

http://dx.doi.org/10.1039/ft9949003139


3 142 J. CHEM. SOC. FARADAY TRANS., 1994, VOL. 90 

Table 4 Vibrational assignments for [(CH,),N=CH,] + (1)” and [(CH,),N=CD,]+ (2)” 

CH, asym. str. 

CH, sym. str. 

CH, stretch 

C-N stretch 

CH, asym. def. 

CH, sym. def. 

CH, wag 

CH, rock 

C-N stretch 

skeletal def. 

CH, torsion 

1 

2 
1 
2 
1 

2 

1 

2 

1 

2 
1 

2 
1 

2 

1 

2 

1 

2 

1 

2 
1 

3012 m (2964) 
- 3010 

(2964) 
2982 m (2952) 

(2862) 
2935 m (2861) 

2202 (2172) 

1683 vs (1692) 
- 1683 
1648 (1644) 
- 1648 
1480 w (1466) 
- 1490 

(1447) 
1462 m (1425) 
- 1465 

(1403) 
1409s (1403) 
- 1410 
1180 (1172) 
- 1190 
1163 s (1151) 
- 1164 
1066 m (1047) 
1065 

817 w (787) 
- 820 

(749) 

429m (381) 
- 428 

(378) 

(2948) (2952) 3115 w (3052) 
- 31 14 

(2948) (2952) (2962) 
2950 w (2962) 

(2857) 
2890 w (2857) 
- 2890 
2260 (2283) 
- 2270 

(1417) 

(1417) 

(1437) 

(1437) 

(1156) 

(1013) 

( 1 

(1 164) 

(439) 

1445 w (1436) 
- 1443 

(1435) 
1395 m (1400) 
- 1395 

(1 399) 
- ( 1290) 
- 1264 

- 1190 
(1221) 

(1071) 
- 1004 

(9521 . ,  
876 

1030 s (963) 
- 1030 

817 (835) 
- 813 
499 w (473) 
- 499 

(425) 445 (421) 
113 vs (140) 157 s (178) 

a Wavenumbers (cm- ’) from Raman spectra (with IR data underlined) are compared with the values calculated by ab initio methods which are 
shown in parentheses. 

lated wavenumbers by a single scaling factor. The deficiencies 
of the SCF results are partially removed by the application of 
Msller-Plesset corrections. At the MP2 level rather more 
than 50% of the configuration interaction error is corrected 
for. Thus for the 6-13G* basis Pople et al. recommended the 
correction factors at the SCF and MP2 levels of 0.8929 and 
0.9427.,’ For the 3-21G*/SCF level a scaling of ca. 0.9 is 
frequently applied (0.8 1 to the force constants). 

It is recognised, however, that such a general scaling is not 
uniformly effective through the spectrum. Configuration 
interaction (CI) has a far greater impact on bonds with high 
electron density. Thus we find that the MP2 correction 
results in an increase in bond length for all the CH bonds of 
the dimethylmethyleniminium ion of 0.2%. For the N-CH, 
and the N=CH, bonds the increases are 1.2 and 2.5%, 
respectively. Vibrational force constants change in an expo- 
nential manner with bond length. Thus for C-C bonds the 
relation : flmdyn A- = 1170 exp( - 3.65r/A), has been 
given.26 The error due to the lack of CI is therefore non- 
uniform. In addition it is usual to compare with experimental 
frequencies, not with harmonic data. 

Anharmonicity has a far greater effect on CH stretching 
than for other bonds. It is for such reasons that better results 
are obtained by applying different scaling factors to different 
types of motions. While this introduces a further degree of 
empirical correction, such differential scaling is likely to be 
important for the current case in view of the substantial MP2 
corrections to the structure. As the object of the present cal- 
culations is to gain guidance in understanding the spectra, 
the number of parameters is kept to the minimum required to 
explain the major unequivocal bands. Thus adjustments were 

made in the factors for stretching force constants of the C-H 
and N-C bonds and for the HCH/NCH bending modes to 
centralise the computed band centres in the observed regions. 
These factors for the N-C, N-C and C-H bonds are 0.80, 
0.95 and 0.76 at the SCF level. For the MP2 calculations the 
N=C bond frequency is now clearly too low by nearly 2%, 
even though the scaling factor has been greatly increased to 
0.99. To reproduce the observed band at 1681 cm-’ would 
require the factor to be near 1.04. This is due to the MP2 
calculations giving a structure in which the CN bonds are too 
long. The SCF structure with N-C, 1.503 A and N=C, 
1.264 A is in much better accord with that resulting from the 
X-ray analysis. In an effort to understand this, the effect of 
placing a chloride ion 3.2 above the N=C bond was 
explored. The N-C bond was virtually unaltered, but the 
nitrogen became almost tetrahedral and the N-C bonds 
extended by 0.021 A. No frequencies changed by more than 
20 cm-l. It appears that the 3-21G** basis might be inade- 
quate to reproduce the structure of this ion at the MP2 level 
in that the NC bonding is not quite of high enough order. 
The best reproduction of the structure is at the SCF level, 
and for this reason the vibrational spectra referred to in the 
remainder of the text will be that calculated at this level. The 
scaling factors used are given in Table 5 where the diagonal 
force constants are listed in the symmetry coordinate basis. 

Spectroscopic Investigations of the Reaction of CH,X, 
(X = Br or I) with TMMD 

This reaction generates the dimethylmethyleniminium 
halides. NMR spectra of [(CH,),N=CH,]Br in acetonitrile 
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Table 5 Comparison of the SCF/3-21G** and MP2/3-21G** force fields, both scaled and unscaled, in mdyn A - '  

S, = RCN-C] 
S ,  = R[N-C(3)] + R[N-C(7)] 
S3 = r4 + r5  + 16 + r8 + r9 + r l0  
'4 = r l l  + 1 1 2  
S5 = 2r4 - r5  - r6 + 2r8 - r9 - r l 0  
S6 = a[H( 1 1)CH( 12)] 
S 7  = 0CC(3)NC(7)1 
S8 = Rm-C(3)] - R[N-C(7)] 
S9 = '3.1.2.11 + '7.1.2.12 
Slo = r4 + r s  + r6 - r8 - r9 - rl0 
'11 = 1 1 1  -r12 
S12 = 2r4 - r5 - t-6 - 2r8 + r9 + r l0  
S13 = rs  - t-6 + r9 - r l 0  
S,, = r5  - 16 - r9 + r l0  
'15 = 84 + 8 5  + 86 - '4.5 - '4.6 - '5.6 

'16 = 8 8  + 89 + 810 - '8.9 - '8.10 - '9.10 

' ; 5  = '15 + '16 

s16 = '15 - '16 

S17 = 284 - 8 5  - 8 6  + 288 - B 9  - 810  

'18 = 284 - 8 5  - 86 - 288 + 89 + 8 1 0  

'19 = 8 5  - 8 6  + 89 - 8 1 0  

'20 = 8 5  - 8 6  - 8 9  + 8 1 0  

'21 = 2a5.6 - a4.5 - '4.6 + 2a9.10 - '8.10 - '8.9 

S22 = 2a5.6 - '4.5 - '4.6 - 2a9.10 + '8.10 + '8.9 

'23 = '4.5 - '4.6 - '8.10 + '8.9 

S24 = '4.5 - u4.6 + '8.10 - '8.9 

S25 = 8 1 1  - 8 1 2  

'26 = ~ c c ( 3 ) i  - ~ c c ( 7 ) i  
'27 = 'CHI + 'CH, 

S28 = TCH3 - 'CHs 

S29 = 7 1  1 + Y l 2  

'3, = 7 3  + Y7 

12.94 
4.7 1 
6.26 
6.49 
6.20 
0.851 
1.517 
4.45 
0.135 
6.24 
6.49 
6.19 
6.13 
6.15 

0.819 
0.796 
1.016 
0.95 1 
0.957 
0.958 
0.642 
0.629 
0.615 
0.623 
3.877 
3.964 
0.0146 
0.02 19 
0.184 
0.308 

10.35 
4.48 
4.76 
4.93 
4.7 1 
0.673 
1.214 
4.23 
0.115 
4.74 
4.93 
4.70 
4.66 
4.67 

0.647 
0.629 
0.813 
0.761 
0.765 
0.767 
0.507 
0.497 
0.486 
0.492 
3.063 
3.171 
0.0124 
0.0186 
0.156 
0.262 

10.27 
4.1 1 
6.03 
6.26 
6.01 
0.798 
1.315 
3.95 
0.1 12 
6.02 
6.27 
6.00 
5.96 
5.97 

0.765 
0.745 
0.909 
0.849 
0.850 
0.850 
0.593 
0.582 
0.570 
0.575 
3.602 
3.535 
0.0149 
0.0193 
0.148 
0.293 

10.17 
4.07 
4.73 
4.9 1 
4.72 
0.702 
1.183 
3.9 1 
0.101 
4.73 
4.92 
4.7 1 
4.68 
4.69 

0.673 
0.656 
0.782 
0.730 
0.73 1 
0.73 1 
0.52 1 
0.513 
0.502 
0.506 
3.170 
3.040 
0.0 127 
0.0165 
0.133 
0.263 

The following scaling factors were applied to the force field in the symmetry coordinate basis 

N-C N-C C-H U 8 CNC ' 
sym. coord. 1 2, 7 3-5, 10-15 6, 15, 16, 21-25 17-20 7 26-30 
SCF 0.80 0.90 0.76 0.88 0.86 0.80 0.85 
MP2 0.99 0.99 0.785 0.88 0.86 0.90 0.90 

show 'H signals at 3.74 and 8.21 ppm, and I3C signals at 47.4 
and 165.9 ppm, due to the CH, and CH, groups, respec- 
tively. These figures match the values of 3.66 and 7.79 ppm 
('H) and 50.4 and 169.0 ppm (13C) reported for 1SbC1, in the 
same ~ o l v e n t ~ ~ , ~ ~  and confirm the identity of the iminium 
ion. The possibility that the compound might exist in solu- 
tion as the covalent form Me,NCH,Br is thus eliminated and 
this general conclusion is support by the fact that the spectra 
of reaction mixtures and products are similar whether 
CH,Br, or CH,I, is employed in the reaction with TMMD. 

As an adjunct to the preparative work we have investi- 
gated the formation of 11 by following the changes in NMR 
spectra of reaction mixtures over time. (The iodide system 
was chosen because the reaction with CH,I, is faster than 
with CH,Br,.) Fig. 3 shows results for a mixture of CH212 
with TMMD in a mole ratio of 5 : 1. The 'H spectrum con- 
sists of a fixed signal due to CH,I, at 3.95 ppm and a pair of 
signals which move progressively as the reaction proceeds. At 
the outset these are the CH, resonance at 2.15 and the CH, 
resonance at 2.63 ppm of TMMD. After 6 h at room tem- 
perature these signals had moved to 2.65 and 4.05 ppm, 
respectively. Subsequently they reached 2.85 and 4.65 ppm 
and then remained near these positions while crystals of the 
iminium salt, 11, were deposited by the solution. 

This behaviour points to a sequence in which CH,I, reacts 
in a slow step with TMMD and the iminium ion (a strong 

electrophile) combines immediately with the diamine in an 
equilibrium which is rapid on the NMR timescale: 

CH,I, + Me,NCH,NMe, --* 2[Me2N-CH,] '1- (1) 

[Me2N=CH2]+ + MeNCH,NMe, 

G= [Me,NCH,(NMe,)CH,NMe,] + (2) 

Once the initial stage, represented by the sum of eqn. (1) and 
(2), is complete the reaction becomes much slower, presum- 
ably because free TMMD is unavailable to react with CH,I, . 

In the next stage, during which crystals of the iminium salt 
are produced, the mixture becomes viscous and may separate 
into two layers, one of which consists mainly of the reagents. 
The product layer seems to comprise a polymer, believed to 
be of the type [Me,N(CH,NMe,),CH,NMe,]"+ in which 
iminium ions form the repeat unit while a molecule of 
TMMD furnishes the end groups. The chain length will 
increase as more of the iminium material is generated by the 
reaction of CH,12 with the amine substrate (either TMMD 
or the subsequent complex of the diamine with iminium ions). 

Crystallisation of 11 can be brought about by seeding the 
mixture, or by adding ether to drive the iminium salt out of 
solution. Stirring or moving the sample appears to retard the 
onset of crystal formation and in some instances the reaction 
mixture has remained liquid for several weeks. 
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I d  
h 

a' l 1 
LA'\- 
' 

5.5 ' ' 5.0 ' 4:5 4.0 3.5 ' 3:O ' ' 2:5'  2:O ' 1:5' ' 1 l O  
6 

Fig. 3 'H NMR spectra of a reaction mixture of CH,(NMe,), and 
CH,I,. Labels a 4  denote the CH, signal and a'-d' the CH, signal 
at times of 15 min, 1 h, 6 h and 48 h after mixing. h denotes the 
CH,I, signal. 

To provide further insight on the mechanism, the reaction 
of TMMD with deuterio-diiodomethane, CD,I, , was investi- 
gated by Raman spectroscopy. The NMR data had already 
confirmed that no exchange occurs to produce CHD groups. 
Hence CD, groups from the CD,I, reagent carry through 
into the iminium ion as such, and the system contains 
labelled ions [Me,N=CD,] + alongside unlabelled ions in 
the liquid phase and in the solid material which crystallises 
from the solution. The Raman experiment used a mixture of 
CD,I, and TMMD (in the ratio 3 :1) stored within a thin- 
glass vial. Periodically the Raman spectrum was surveyed 
over the full range from 100 to 4000 cm-' and in addition 
the region from 1500 to 1800 cm- was acquired. In the early 
stage of the reaction CCD multichannel detection was 
employed. Alternatively, 10 scans were co-added to get a 
satisfactory signal-to-noise ratio. Of particular interest are 
the Raman bands at 1648 and 1683 cm-' (C=N stretching 
with a contribution from the methylene group) which can be 
used to measure the relative amounts of labelled and 
unlabelled iminium ions in the mixture as the reaction pro- 
gresses. 

The relative proportion of labelled material was estimated 
from the band areas of the 1648 and 1683 cm-I bands 
(shown inset in Fig. 2), allowing for the overlapping which 
occurs. After one day the reaction mixture contained labelled 
and unlabelled products in the ratio of ca. 1 to 3. Reference 
to eqn. (1) shows that [Me,N=CD,]' and [Me,N=CH,]+ 
are formed in equal amounts from CDJ, and TMMD. Each 
will then combine with a further molecule of TMMD (which 
is unlabelled) according to eqn. (2) so that the net result is the 
sum of the two processes. Invoking probabilities, the conse- 
quence of the equilibrium between TMMD and the iminium 

ion is to expect [Me,N=CH,]+ to be three times more 
abundant than [Me,N=CD,] + during the early stage of the 
reaction, as is observed. Subsequently the proportion of 
labelled material should increase and approach the limit of 
equal amounts of labelled and unlabelled product, and the 
Raman spectra bear out this trend. 

Reaction of Me,NCH,NMe, with CH,Br, or CH,I, is an 
attractive route to these dimethylmethyleniminium halides 
using a simple mixture of the reagents. The crystalline 
product can be collected and the reaction then allowed to 
continue, making good the supply of TMMD if the process 
has become unduly slow. 

We are grateful to the New Zealand Research Grants' Com- 
mittee and the University of Auckland Research Committee 
for financial support. P.W.J.S. acknowledges the receipt of a 
William Georgetti Research Scholarship. 
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