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NMR spectra of D2O solutions containing 2,2-dimethylaziridine (1) or 2-methylaziridine (2) and [SiWu- 
ConO3Q]6' (SiWnCo) or [SiWuNi1^]6' (SiWnNi) exhibit separate signals for the free ligand and the complex, 
indicating that the ligand exchange is slow on the NMR time scale. Identified are two linkage isomers with the 
methyl group of 2 at trans or cis position with respect to the metal. The isotropic shifts of 1 and 2 coordinated 
to SiWnNi originate mainly from the contact shifts, and they agree reasonably with the relative values reported 
for similar ligands coordinated to bis(2,4-pentanedionato)nickel(II). The isotropic shifts for the SiWnCo com­
plexes were separated into contact and pseudocontact contributions. The pseudocontact shifts show that 丄) 

is positive, while that for the SiWnCo complexes of pyridine derivatives is negative. This result indicates that 
the ordering of dxy and d^, dyz orbitals in SiWnCo complexes can be reversed by ligands.

Introduction

Several years ago we discovered that the exchange rates 
of some ligands coordinated to a Co2+ ion could be varied 
by incorporating it in various polyoxometalates「고 It has 
been shown that pyridine- and imidazole-type ligands coor- 
din간ed to [SiW11CoO39]6 (SiWnCo) or [SiWuNiO^]6- (SiWir 

Ni) undergo slow exchange on the NMR time scale, ex­
hibiting separate signals for the complexes and the free li­
gands in their 'H and 13C NMR spectra.1,2 Well-resolved 
NMR spectra of various ligands coordinated to paramag­
netic polyoxometalates can provide useful infonnation on 
both the ligands and polyoxometalates.3,4

The isotropic NMR shifts (8iso) in a paramagnetic system 
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contain contributions from contact (8con) and pseudocontact 
shifts (8dip).

= 8ccn + &dip (1)

Contact shifts occur when unpaired electron density is 
transfened from the metal to the ligand nucleus in question, 
whereas pseudocontact shifts arise from a through-space di­
polar interaction between the electronic and nuclear mag­
netic moments?

Since the contact shifts contain contributions from both 
o- and n-electron delocalizations for pyridine and imidazole 
derivatives, it is difficult to separate the isotropic shifts into 
three components. So we have studied NMR spectra of 
aziridine derivatives coordinated to SiWnCo and SiWnNi, 
which are o-electron systems. Analysis of the isotropic 
shifts shows that (x 项丄)is positive for the SiWnCo com­
plexes of aziridine derivatives, while it is negative for the 
SiWnCo complexes of pyridine derivatives.

*H NMR data for sixty-four aziridine derivatives are 
given in the literature,6 but the data for 2,2-dimethyl- 
aziridine (1) and 2-methylaziridine (2) are not included. *H 
NMR spectra of 1 and N-alkylaziridine coordinated to bis(2, 
4-pentanedionato)nickel(II) were briefly described before.7 
But these systems exhibited averaged NMR spectra for the 
free ligands and the complexes, for the ligand exchange 
was fast on the NMR time scale.

Experimental

K6[SiW]]Co(HQ)O시 nHQ and K6[SiW11Ni(H2O)O39]- 
nH2O were prepared according to the methods of Simmons8 
and Weakley et al? 2-Methylaziridine was purchased from 
Aldrich, and 2,2-dimethylaziridine was synthesized accord­
ing to the literature method.10 D2O solutions were prepared 
-0.02 M in each of a ligand and a poly oxometalate.

NMR spectra were obtained in the Fourier transform 
mode with Varian Gemini-300 and — 200 spectrometers 
equipped with broad bands, narrow-bore probes. NMR 
measurements were made at ambient temperature (22-25 °C). 
The line-broadening factor used in exponential apodization 
was 20 Hz. Pulses of 90° (10 |is) were used, and the ac­
quisition time was 0.2 s. No extra delay time was intro­
duced between pulses. The residual water resonance in each 
spectrum was saturated by irradiating with a single fre­
quency pulse which was gated off during acquisition. So­
dium salt of 3-(trimethylsilyl)propionic-2,2,33-d4 acid (TSP) 
was used as an internal reference.

Results and Discussion

2,2-Dimethylaziridine. The 'H NMR spectrum of 1 
in CDC13 exhibits two sharp peaks at 1.54 and 1.22 ppm 
with an intensity ratio of 1:3, which are assigned to the 
ring protons and the CH3 groups, respectively. A broad 
peak at 1.04 ppm, which disappears on addition of D2O, is 
assigned to NH.

The ]H NMR spectrum of a D2O solution containing 1 
and SiWnCo is shown in Figure 1. Separate peaks are ob­
served for the free ligand and the complex, indicating that 
the ligand exchange is slow on the NMR time scale. The 
signal originating from the complex consists of two strong

Figure 1. *H NMR spectrum of a D2O solution containing 2,2- 
dimethylaziridine and SiWnCo. The peaks from the complex are 
labeled.

peaks from the CH3 groups and two weak peaks from the 
protons bonded to C3. In each group there are one broad 
peak and one sharp peak. It has been shown that the NMR 
linewidths in a paramagnetic system are inversely pro­
portional to the sixth power of the metal-nu이ei distance.1112 
The cis proton 3-H(c) and CH3(c) with respect to the cobalt 
ion have shorter metal-nuclei distances than the correspond­
ing trans proton 3-H(0 and CH3(?). Therefore, the broad 
peaks at 98.0 and - 15.6 ppm are assigned to 3-H(c) and 
CH3(c), respectively, and the sharp peaks at 61.9 and 23.4 
ppm to 3-H(z) and CH3(r), respectively.

The NMR spectrum of a D2O solution containing 1 
and SiWnNi also exhibits two strong peaks and two weak 
peak originating from the complex (Figure 2). Comparing 
with the spectrum of the SiWnCo complex, we can readily 
assign the peaks at 147, 64.0, 27.0, and - 2.2 ppm to 3-H 
(c), 3-H(z), CH#), and CH3(c), respectively. A very broad 
signal at 140-50 ppm has not been identified. The isotropic 
shifts (느 ^complex ・ 6fg ligand) of the SiW„Co and SiWnNi com­
plexes are listed in Table 1.

2-Methylaziridine. The 'H NMR spectrum of 2 in 
CDClj exhibits a multiplet at 1.956 ppm, and three doublets 
at 1.718 (7=5.5 Hz), 1.267 (3.5 Hz), and 1.168 ppm (5.4

Figure 2. 'H NMR spectrum of a D2O Solution containing 2,2- 
dimethylaziridine and SiWnNi. The peaks from the complex are 
labeled.
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Table 1. Isotropic Shifts (in ppm) in Aziridine Derivatives Coor­
dinated to SiWnCo and SiWnNi

Proton SiWnNi 
meas.

SiWnCo
meas. calc.

2,2-Dimethylaziridine
3-H (l) 62.0 60.3 59.2
3-H (c) 145.0 96.4 96.0
ch3 (t) 25.8 22.1 27.3
CH3 (c) -3.4 -16.9 -14.0

2-Methylaziridine (2a)
3-H (t) 84.9 88.2 84.7
3-H (c) 144.4 136.2 134.4
2-H (c) 125.7 114.0 117.9
ch3 (t) 15.5 15.0 18.8

2-Methylaziridine (2b)
3-H (t) 63.2 56.2 60.2
3-H (c) - 85.7 一

2-H (0 94.0 86.5 82.9
CH3 (c) -2.4 -14.2 -10.1

Hz); see Figure 3a. The strong doublet at 1.168 ppm is as­
signed to the CH3 group. The vicinal coupling constants for 
aziridine are J糸=6.3 and Jfrflrtj=3.8 Hz, and the geminal cou­
pling constant is very small.13 The coupling constant bet­
ween the methyl group and 2-H (5.2 Hz) is much larger 
than those between the methyl group and 3-H protons in 
propylene oxide.14 Therefore, the multiplet may be assigned 
to 2-H, and the doublets at 1.718 and 1.267 ppm to 3-Hr 
and 3-Hr, respectively, t and c representing trans and cis 
with respect to the CH3 group. The order of the chemical

beled.

아)ifts, 2-H > 3-H, > 3-Hc > CH3, agrees with that observed 
for propylene oxide.14 A simulated spectrum using the 
above chemical shifts and spin-spin coupling constants is 
shown in Figure 3b.15

The NMR spectrum of a D2O solution containing 2 
and SiWnCo exhibits two sets of peaks with different in­
tensity (Figure 4). The chemical shift for the CH3 group in 
the strong set is similar to that of CH3(Z)and that for the 
weak set is similar to that of CH3(c) in 1. Therefore, the 
strong set may be attributed to the linkage isomer with the 
CH3 group trans to the cobalt ion (2a), and the weak set to 
the other isomer (2b). Most〔H NMR peaks were assigned 
by saturation transfer technique. The two peaks at 88.5 and 
87.0 ppm were assigned to 2-H(r) and 3-H(c) of the 2b 
isomer, respectively, based on their intensities and line­
widths. The assignments are shown in Figure 4.

Figure 3. (a) Measured and (b) simulated *H NMR spectra of 2- 
methylaziridine in CDC13. See the text for the parameters used in 
sim 미 ation.

Isomer 2a Isomer 2b

The NMR spectrum of a D2O solution containing 2 
and SiWnNi also exhibit two sets of peaks with different in­
tensity (Figure 5). Most of the peaks have been assigned on 
the assumption that the order of the chemical shifts in each 
set agrees with that of the SiWnCo complex. Changing the 
order worsens a quantitative analysis of the isotropic shifts 
(see below). It is not clear whether the peak at 96 ppm ori­
ginates from 3-H(c) or 2-H(z) of the 2b isomer. Assuming 
that the 3-H(c) peak of the 2b isomer was too broad to be 
detected, we have tentatively assigned it to 2-H(f). The as­
signments are shown in Figure 5, and the isotropic shifts 
are given in Table 1.

Contact and Pseudocontact Shifts. The pseudo­
contact shift may be expressed as5

爲p = V备 X [{%22 - (Xxx + %yy)/2} x (3COS20 - 1)

+ (Zxx - Zyy) x sin & cos 2硏 (2)
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Figure 5. 'H NMR spectrum of a D2O solution containing 2- 
methylaziridine and SiWnNi. The peaks from the complex are la­
beled.

where /xx etc. are ma힝letic susceptibility components, and 
other symbols have their usual meaning. Since aziridines 
form only o-bonds with transition metal ions, there is no n- 
bonding barrier that can prevent these ligands from rotating 
about the metal-nitrogen axis at room temperature. Then the 
second term due to the in-plane magnetic anisotropy can be 
neglected, and the pseudocontact shift is proportional to the 
geometric factor, (3cos20-l)/r\

r _ 卩。{%zz-(%“ + %y)/2} x (3cos^-l) 
dip - 4/r F (3)

For an octahedral nickel(II) complex, which has an or- 
bitally non-degenerate 3A2g ground state with excited states 
far removed in energy, the orbital contribution is small and 
so is the magnetic anisotropy.5 So the pseudocontact shifts 
have been neglected in interpretation of isotropic shifts for 
most nickel complexes.1617 If the isotropic sh迁ts originate 
o이y from the contact shifts, the ratio of the isotropic shifts 
for various protons in a given ligand should be independent 
of the nickel complex to which the ligand is coordinated.

It is of interest to compare the data for our nickel com­
plexes with those of bis(2,4-pentanedionato)nickel(II) {Ni 
(acac)2} complexes.7 Since the exchange rates of aziridines 
coordinated to Ni(acac)2 are fast, only relative isotropic 
values were determined. The ratio of isotropic shifts for H(f) 
and H(c) in N-alkylaziridine coordinated to Ni(acac)2 is 0.58 : 
1.0,7 while it is 84.9 :144.4 (0.59:1.0) for 2a coordinated to 
SiWnNi. The agreement is excellent. The ratio of isotropic 
shifts for CH3(z) and CH3(c) in 1 coordinated to Ni(acac)2 is 
6.41: - 1.00, while it is 25.8: - 3.4 (7.6: 一 1.0) for 1 coor­
dinated to SiWnNi. Here the agreement is not so excellent, 
indicating that the contact shifts are dominant but the pseu­
docontact shifts cannot be neglected in SiW„Ni complexes.

Now we consider the isotropic shifts in the cobalt com­
plexes. Since both Co2+ and Ni2+ ions in distorted octahedral 
environments have two o electrons in the dz2 and dx2.y2 or­
bitals, contact shifts due to o-electron delocalization in the 
SiWnCo complex may be assumed to be proportional to the 
corresponding contact shifts for the SiWnNi complex.

Now Eq. (1) may be expressed as

&(Co) = G x 丛n(Ni) + CJ x(3c°s：? - I) (4)

where Cj and C2' are proportionality constants. The iso­

tropic shifts in the nickel complexes can be expressed in a 
similar manner.

'爲。(Ni) = &on(Ni) + D2X(3cos?-1) (5)
r3

If geometric factors are assumed to be the same for the 
cobalt and nickel complexes, the following equation is ob­
tained.

爲。(Co) = G x &(Ni) + C2 x(3cos：? - 1) (6)

where C2 is (C2'-C1D2). The geometric factors have been cal­
culated using the bond lengths and angles of aziridine18 and 
a Co-N length of 2.16 A.19 The resulting values are 0.0250 
for H(Z), 0.0182 for H(c), 0.0129 for CHQ), and -0.0116 
A* for CH3(c). The values for the methyl groups, which ro­
tate fast about the C-C axis, are average values for all direc­
tions. The two unknown constants, Cj and C2, can be det­
ermined from measured 8iso values for two protons. Howev­
er, different values of G and C2 are obtained for different 
combinations of the protons. We have chosen G and C2 
values which produce the least mean square difference 
between the measured and calculated 8iso values. The result­
ing values are (二=0.530 and C2=1055 for 1, C】=0.881 and 
C2=396 for 2a, and C^O.688 and C2=728 for 2b.20 Cal­
culated 8iso values using these constants (Table 1) agree rea­
sonably with the measured values.

It is of interest to note that values of C2 are positive. 
Since D2 is much smaller than C2', and G is less than 1, C2 
is close to C2' which is proportional to (% n -%±). Thus (%n- 
%丄)is positive for all three aziridine complexes. The cor­
responding values for pyridine derivatives were found to be 
negative.17 Since the geometric factor for CH3(c) is negative, 
the large upfield shift for this group in the SiWnCo com­
plexes as compared with the SiWnNi complexes can be ex­
plained only when C2 is positive. (Negative pseudocontact 
shifts correspond to upfield shifts.)

It was shown that the pseudocontact shifts in the SiWir 
Co complexes of pyridine derivatives were sensitive to the 
ligand basicity.17 The d orbitals have the ordering dxz, dyz 
<dxy<dz2<dx2.y2 for these complexes. The energy difference 
between the dx2.y2 and dz2 orbitals, or that between the dxy 
and dxz, dyz orbitals may be used as a measure of deviation 
from the octahedral field and hence the magnetic anisotropy. 
As the ligand basicity increases, the dxz, dy2 orbitals are des­
tabilized, reducing the energy difference and hence the mag­
netic anisotropy. If the ligand is very basic, the d orbital 
ordering may be reversed to dxy<dxz,dyz and (% n -%±) may be­
come positive. Aziridines are quite basic, but the pKa value 
of the conjugate acid of aziridine, 8.04, is not so large as 
that of 4-aminopyridine (pKa=9.11),21 the SiWuCo complex 
of which has (% | ~x±) <0. So other factors may be involved 
in determining the sign of (%n -%±). It has been argued that 
the energies of the n bonding and antibonding orbitals of 
the ligand are more important than the G-type interactions 
between the metal and the axial ligands in determining the 
energies of the dn orbitals for low-spin ferric porphyrins 
with axial pyridine-type ligands.22 So the sign of (% i广又丄) 

for aziridines may not be predicted by simple comparison 
of pKa values of aziridines with those of pyridine-type li­
gands. More work is needed to better explain the positive 
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sign of (%(I -%±) for aziridines.
In summary, values of(X\\ _X-l) for the SiWnCo com­

plexes of aziridine derivatives have been found to be po­
sitive by analysis of the isotropic NMR shifts, while that 
for the SiWnCo complexes of pyridine derivatives is ne­
gative. This result indicates that the ordering of dxy and dxz, 
dyz orbitals in SiWnCo complexes can be reversed by li­
gands.
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The nature and analysis methods of complicated decay profiles found in forced Rayleigh scattering (FRS) have 
been investigated for the probe diffusion of methyl yellow in 2-propanoL The complementary shifted and 
ground state grating effect, which is known to be the origin of non-single exponential decays, was analyzed by 
non-linear regression fitting to a double exponential model function. We confirmed that the parameters were 
highly correlated so that it was difficult to extract a unique set of parameters in the presence of experimental 
noise. Nevertheless, a reasonable range of decay time constants could be estimated from the grating spacing de­
pendence.

Introduction

Recently the forced Rayleigh scattering (FRS) technique 
has been widely used for the study of mass diffusion in vari­
ous media.1'10 The technique measures the decay of the 
light intensity diffracted from a periodic concentration grat-

‘Current address: Taedok Institute of Technology, Yukong Ltd. 

ing created by the illumination of an optical fringe pattern 
within a sample containing an appropriate photoprobe. In 
order for the concentration grating to diffract light, the pho­
to-reaction product (shifted state) must possess different opt­
ical properties from the unshifted state either in absorptivity 
(amplitude grating) or in refractive index (phase grating), or 
both.11~14 If the transient sinusoidal concentration profile de­
cays with a single relaxation time constant, the diffracted

http://www.chem.vt.edu/simula-tion/VTNMR.html

