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The compound N,N,N’,N’-tetramethylethylenedi- 
amine-NJV-dioxide, TME02, has been synthesized 
and used to form complexes with chromium(III), co- 
balt(II), and nickel(II) perchlorates. The resulting 
coordination compounds have been characterized by 
elemental analyses, electronic and infrared spectra, 
conductance, and magnetic susceptibility measure- 
ments. The chromium compound has the formula Cr 
(TME02)3(C104)3.3H,0 and is characterized as a 
tris six-coordinate distorted octahedral complex while 
the cobalt and nickel compounds have the formulas 
CO(TMEO~)~(CIO,), and Ni(TME0,)2(CI0,),~5H20 
and are characterized as bis four-coordinate tetrahedral 
complexes. The chromium-TMEO, complex has a 
higher ligand field parameter, Dq, and a lower effective 
magnetic moment than other reported N-oxide com- 
plexes of chromium(III). 

Introduction 

Three review articles have appeared summarizing the 
extensive research on coordination complexes of amine 
N-oxides.‘-3 The vast majority of the work in this 
area has centered on complexes of aromatic amine N- 
oxides, especially substituted pyridine and quinoline 
N-oxides. Relatively little work has been done on ali- 
phatic amine N-oxide complexes. A few reports of 
trialkylamine N-oxide complexes have appeared”4Ts 
along with one each on complexes of N,N-dimethyl- 
ethylenediamine N-oxide,6 (CH,),N(O)CH,CH,NH,, 
and N,N-dialkyl-2-aminoethanol N-oxides’ such as 
(CH3)2N(0)CH2CH20H. In addition, very few di- 
N-oxide ligands have been studied. There have been 
several reports on 2,2’-bipyridine-N,N’-dioxide com- 
plexes’,8 and a few isolated reports of other aromatic 
di-N-oxides.’ Consequently we have undertaken the 
study of the first aliphatic di-N-oxide ligand, N,N, 
N’,N’-tetramethylethylenediamine-N,N’-dioxide, 

(CH,),N(O)CH,CH,(o)N(CH,),, using chrom- 
ium(III), cobalt(II), and nickel(I1) perchlorates. It 
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was of interest to investigate the relative effects of ba- 
sicity and steric hindrance on the ability of this ali- 
phatic di-N-oxide to function as a Lewis base. The li- 
gand will hereafter be abbreviated as TMEO,. 

Experimental 

Syntheses 
N,N,N’,N’-tetramethylethylenediamine-N,W- 
dioxide dihydrate 
To 15.6 grams (0.13 mol) of N,N,N’,N’-tetramethyl- 

ethylenediamine (Aldrich Chemical Company, 99%, 
used without further purification) in a 200 ml round- 
bottom flask cooled to about 0” C in an ice bath was 
slowly added SO ml of 30% hydrogen peroxide (0.79 
mol). The mixture was allowed to gradually warm to 
room temperature and let stand overnight. The vol- 
ume was reduced using a rotory evaporator at tempe- 
ratures below 80” C until a viscous syrup formed, then 
25 ml of water were added and the volume was again 
reduced, producing a viscous syrup which crystallized 
upon standing at room temperature. The resulting white 
solid was washed with acetone and dried under vacuum 
at 100” C over phosphorus pentoxide, giving 13.9 
grams of the hydrated product (56% yield). 

Metal Complexes 
The appropriate hydrated metal perchlorate (about 

I .S mmol) was dissolved in a minimum amount of meth- 
anol and then added to a solution of the hydrated 
ligand (about 3.2 mmol for cobalt and nickel, and 
about 4.7 mmol for chromium) dissolved in a minimum 
amount of methanol and a few ml of 2,2-dimethoxy- 
propane. In the cobalt and chromium cases, precipi- 
tation was immediate while in the nickel case a viscous 
oil formed. In the latter case the solvent was decanted 
and the oil was triturated with anhydrous diethyl ether 
until crystallization occurred. The products were fil- 
tered, washed with ether, and dried under vacuum at 
100°C for several hours over phosphorus pentoxide. 
Yields were 60-90%. CAUTION: These complexes 
detonate near their decomposition points. 
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Physical Measurements 
Infrared Spectra 
Infrared spectra were obtained as Nujol mulls be- 

tween sodium chloride disks on a Beckman IR-8 In- 
frared Spectrophotometer. Spectra were calibrated 
with known bands of polystyrene. 

Nuclear Magnetic Resonance Spectra 
Nuclear magnetic resonance spectra were obtained 

in D,O or CDCI, on a Varian EM 360 60 MHz Nu- 
clear Magnetic Resonance Spectrometer. TMS was 
used as either an external or internal reference. 

Electronic Absorption Spectra 
Electronic absorption spectra were obtained as Nujol 

mulls on filter paper using Cary Model 14 and Beck- 
man DB-GT Spectrophotometers. 

Magnetic Susceptibility 
Magnetic susceptibility measurements were obtai- 

ned at 295” K and at 7000 gauss by the Gouy method 
using an instrument constructed from an Ainsworth 
balance and an Ealing electromagnet. The compound 
HgCo(SCN), was used as calibrant and diamagnetic 
corrections were made using Pascal’s constants. 

Molar Conductance 
Molar conductance measurements were made in ni- 

tromethane solution using a General Radio Company 
650-A Impedance Bridge. 

Elemental Analyses 
Carbon, hydrogen, and nitrogen analyses were per- 

formed by M-H-W Laboratories, Garden City, Mi- 
chigan. 

Results and Discussion 

The ligand TMEO, was isolated as a dihydrate from 
the reaction of hydrogen peroxide and N,N,N’,N’- 
tetramethylethylenediamine and confirmed by ele- 

TABLE I. Elemental Analyses and Physical Data. 

Compound 

C,H,,N,O, .2H,O 

C~(C~HI~N,OMCLO~)Z 
Ni(C6H16N20Z)z(C104)2~ SHZO 

C~(C~H,~N,O~)~(C~O~)~.~HZO 

%C %H 
talc. expr. talc. 

39.11 39.59 10.94 
26.00 25.73 5.82 
22.37 22.41 6.57 
25.39 25.39 6.41 

a Detonates at 183” C. b Detonates at 165” C. 

mental analyses (Table I) and nmr spectroscopy. The 
nmr spectrum of the amine in CDCI, consists of sin- 
glets at 6, 2.23 and 6, 2.40 with relative areas of three 
to one, while the spectrum of the product in D,O shows 
singlets at 6, 3.27 and 6, 3.86 with relative areas of 
three to one. The TMEO, product is quite hygroscopic 
and a singlet of variable intensity at 6, 4.76 is observed 
unless the nmr spectrum is recorded immediately after 
dehydration. 

Attempts to prepare the corresponding di-N-oxide 
of N,N,N’,N’-tetramethylmethylenediamine, (CH,), 

N(O)CH,(O)N(CH,)z under a variety of conditions 
met with failure. Less than a two percent yield of an 
off-white product with empirical formula C2H,N0 was 
obtained (calculated: C 41.37%, H 6.94%, N 24.13%; 
experimental: C 41.20 o/o, H 6.92 %, N 24.18 %). The nmr 
spectrum of the amine starting material in CDCI, con- 
sists of singlets at 6, 2.23 and 6, 2.72 with relative 
areas of six to one, while the spectrum of the product 
in D,O shows singlets at 6, 3.80 and 6, 7.98 with re- 
lative areas of three to one. As with TME02, unless 
the compound is dehydrated just prior to recording the 
spectrum a singlet of variable intensity at 6, 4.72 is also 
observed. The analytical and nmr data suggest the 
structure of the product is CHIN(O) = CH-CH = (0) 
NCH,. No further work was done with this compound 
due to the low yields. 

Coordination complexes of TME02 with chromium 

(III), cobalt(lI), and nickel(I1) perchlorates were 
prepared using metal-to-ligand mol ratios ranging 
from 1 :2 to 1 :4. The purest products were obtained 
when the ratios were 1 : 2 for cobalt or nickel and 1 : 3 
for chromium. The analytical data are presented in 
Table I. The chromium and nickel complexes detonate 
near their decomposition points. Infrared spectra of 
all three complexes show a broad single band about 
1090 cm-’ (Table II) assigned as the vj vibration of 
tetrahedral perchlorate ions.’ Molar conductance values 
in nitromethane solution (Table II) are in the range 
indicative of 2: 1 electrolytes for the cobalt and nickel 
complexes.4~‘0 These infrared and conductance data 
suggest that the perchlorate groups are not coordinated 
to the metal ion in the solid state or in solution. 

expr. 
%N 
talc. expr. 

Color Decomposition 
Point, ’ C 

11.15 15.21 15.67 White 139-140 
5.75 10.11 9.77 Purple 184-187 

5.91 8.70 x.14 Yellow 169-170’ 
6.25 9.90 9.69 Green 163-165b 
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TABLE II. Conductance, Magnetic, Infrared and Electronic Spectral Data. 

Compound Infrared Data” 

VNO veto 

Molar 
Conduc- 
tanceb AM 

Magnetic 
DataC 

Pen 

Electronic Spectral Data“ 

Absorption Maxima 

TME02 965 - - - - 

Co(TMEWz(ClO& 967 1092 190 4.51 507sh, 563,97Obr, 1330br 
Ni(TMEO&(ClO,), 5HZ0 967 1083 149 3.70 412,70Osh, 771, 1270br 
Cr(TMEO&(CIO& . 3Hz0 962 1085 - 3.33 425sh=, 552 

’ Nujol mull spectra; all values in cm-‘; vclo is for perchlorate. b For 1.0 x l(PM solutions in nitromethane; values 
in cm’mho mol-‘; chromium complex not sufficiently soluble.’ Determined at 295” K; all values in Bohr Magnetons. 
* Nujol mull spectra; all values in nm; sh = shoulder, br = broad. e Shoulder on ultraviolet absorption peak. 

It has been found that the yNo stretching frequency, 
found in the 900-1000 cm-’ region, for aliphatic amine 
N-oxide ligands undergoes little change upon coordi- 
nation.“7 This is in contrast to significant decreases in 
the yNo frequency, occuring in the 1200-1300 cm-’ 
region, upon coordination of most of the aromatic 
amine N-oxides.l,” The infrared data for the com- 
plexes reported here (Table II) are in agreement with 
these observations. 

The relative steric effects of various aromatic N- 
oxide ligands toward metal perchlorates have been 
noted. For example, cobalt and nickel perchlorate com- 
plexes of 4-substituted pyridine and quinoline N-oxides 
are six-coordinate,’ while those of bulkier ligands such 
as acridine-, 2-methylquinoline-, 2-methylpyridine-, 
and 2,6-dimethylpyridine N-oxides are four- or five- 
coordinate.‘,” The chromium(II1) perchlorate com- 
plexes with each of these ligands, however, are six- 
coordinate.‘Tr3 Steric effects also occur in aliphatic 
amine N-oxide complexes. For example only four tri- 
methylamine N-oxide ligands coordinate to cobalt and 
nickel perchlorates, while again chromium perchlorate 
supports six coordination.4 Three of the bidentate 
mono N-oxide (CH3),N(0)CH,CH,NH2 ligands 
were found to coordinate to nickel(II), iron(III), and 
cobalt(II1) perchlorates, while the cobalt(I1) perchlo- 
rate complex could not be prepared in pure form.‘j 
The steric effect of TMEO, is expected to be greater 
than that for (CH3)2N(0)CH,CH,NH, due to the 
presence of two additional methyl groups, yet less than 
that of two isolated trimethylamine N-oxides since 
two of the methyl groups have been “joined.” The 
stoichiometries of the resulting TMEO, complexes are 
indicative of significant steric interaction in that only 
bis complexes form in the case of cobalt and nickel. A 
tris chromium complex is formed with TMEOl but 
six-coordination is most often the case for chromium 
(III) even when severe steric interactions occur. 

The structures of the TMEO, complexes have been 
deduced from electronic spectra and magnetic suscep- 
tibility measurements. These data for the cobalt and 
nickel compounds (Table II) are very similar to those 

reported for the trimethylamine N-oxide complexes 
which have previously been characterized as having 
tetrahedral structures.4 The electronic spectrum of the 
chromium complex of TMEO, is typical of a six-co- 
ordinate species, however the effective magnetic mo- 
ment of 3.33 B. M. is lower than the 3.84 B.M. value 
found for the trimethylamine N-oxide complex,4 and, 
for that matter, those for other N-oxide complexes 
(3.8 to 4.1. B.M.).‘“16 The effective magnetic mo- 
ment of the chromium-TMEO, complex is essentially 
independent of temperature in the 278-318” K range. 

There are a number of binuclear hydroxo-bridged 
chromium(II1) complexes with magnetic moments in 
the 1.8 to 3.5 B.M. range, indicative of magnetically 
condensed systems.17 However the Cr(TMEO,), 
(C10,)3.3H20 stoichiometry does not easily lend it- 
self to interpretations involving hydroxo or aquo brid- 
ges. An alternative explanation for the low magnetic 
moment seems to center on a loss of degeneracy in the 
tlg d-orbitals due to a ligand field symmetry lower than 
0,. Since the TMEOz ligands are bidentate, the effec- 
tive symmetry of the CrO, moiety may be closer to 
D,, which would cause the triply degenerate orbitals 
to split. If the distortion were severe enough, a d3 
doublet-quartet spin state equilibrium might account 
for the somewhat lower magnetic moment. Whereas 
one might expect to see the effects of such distortion in 
the electronic spectrum as each spectroscopic state 
would theoretically be split into two components (4T29 
in 0, to 4E and 4A1 in D,; 4T,p in Oh to 4E and 4A, in 
D3), it has been noted that this splitting may not al- 
ways be resolved in the broad bands.” The absorption 
band assigned to the 4Azp -+ 4T2, electronic transition 
for the chromium(II1) complex of the bidentate li- 
gand bipyridine N,N’-dioxide is split into two compo- 
nents,’ however the spectrum of the TMEO, com- 
plex does not exhibit such splitting. Splitting is also not 
observed in the spectrum of the chromium(II1) com- 
plex of the bidentate picolinic acid N-oxide, even though 
this complex has still lower symmetry.r6 

The fact that chromium forms six-coordinate com- 
plexes with a wide variety of N-oxide ligands provides 
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a consistent means of comparing ligand field strengths 
via the ligand field parameter Dq. This parameter is 
obtained directly from the energy of the 4Azs--j 4T,p 
transition as this transition energy equals 10 Dq. The 
Dq value of TMEOz is 1812 cm-‘, the highest of any 
N-oxide complex of chromium yet reported. The indi- 
cated spectrochemical series for N-oxide ligands toward 
chromium(II1) is: TMEO*. (1812)> picolinic acid N- 
oxide ( 17SS)16> trimethylamine N-oxide (17 1O)4 > 
quinoline N-oxide (1618)“> 2-methylquinoline N- 
oxide (16 10)r3 > acridine N-oxide (1 S90)r3 >pyridine 
N-oxide (1587, 1 539)14’19 > bipyridine-N,N’-dioxide 
(1S85)8 > 2,6-dimethylpyridine N-oxide (1S70)13> 
2-methylpyridine N-oxide (I S30).r3 In making such 
comparisons one generally considers the effects of ba- 
sicity, steric hindrance, and metal-ligand n-bonding 
interactions. The n-bonding effects should make signi- 
ficant contributions to Dq only for the aromatic cases. 
These interactions, however, cannot compensate for 
the markedly larger basicities of the aliphatic N-oxides 
(for example. pK, is 4.65 for trimethylaminc N-oxide” 
versus -1.7 to 2.0 for the various aromatic N-oxides’). 
As steric effects increase, Dq is expected to decrease 
and this is generally borne out in that the bulky aro- 
matic N-oxides have the lower values. Thus it is expec- 
ted that Dq for TMEOz would be higher than for tri- 
methylamine N-oxide. The high Dq value of TMEO, 
further illustrates the importance of chelation even 
though it involves a seven-membered ring when five- 
membered aliphatic systems are generally considered 
most stable. Similar chelate effects have been observed 
in comparing the Dq values for various monodentate 
ligands with those for corresponding bidentate ligands. 
For example, Dq for the chromium complex of N,N- 
dimethylacetamide 21 is IS 17 cm-’ as compared to the 
1690 cm-’ value for N,N,N’,N’-tetramethylmalon- 
amide;” Dq for the nickel complex of dimethylsulf- 
oxide” is 773 cm-’ as compared to 860 cm-’ for 2,S- 
dithiahexane-2.S-dioxide.23 The relatively high Dq 
value for the chromium complex of picolinic acid N- 
oxide also suggests the importance of the chelate effect 
involving a six-membered ring while the chelate effect 
of the seven-membered bipyridine-N,N’-dioxide bi- 
dentate system is somewhat obscured by the disagree- 
ment in reported Dq values for the pyridine N-oxide 
complex of chromium. 
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