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In the last few years ‘13Cd NMR has shown 
considerable promise as a probe of metal ion environ- 
ments in a wide variety of compounds ranging from 
organometallics to metalloenzymes and metallo- 
proteins [l-28]. With its demonstrated chemical 
shift range of -900 ppm, it appears to have the 
sensitivity required to develop structure-chemical 
shift correlations that may be useful for a number of 
different types of studies. The correlation of Cd 
metal ion environment from solid state X-ray crystal- 
lography with solution ‘13Cd NMR appears particu- 
larly attractive for the determination of the metal 
ion site geometry in metalloenzymes and metal 
containing phospholipids whose crystal structures 
are unknown or which are difficult to crystallize. 
The recent developments in solid state magic angle 
spinning “‘Cd NMR [25-281 make such correla- 
tions even more attractive. As part of a program of 
the determination of crystal structures, solution and 
solid state ‘13Cd NMR, we prepared bis(cup’-dipy- 
ridyl)Cd(II) nitrate, determined its crystal structure 
and measured the ‘13Cd NMR in solution and in the 
solid state as well as solution ‘13Cd NMR of a series 
of derivatives of this parent compound. We wish to 
report here the structure of the parent compound and 
its magic angle spinning solid state “‘Cd NMR, its 
aqueous and DMF ‘13Cd NMR arid to discuss the 
implication of these results to the utilization of 
‘13Cd NMR in biological systems. 

Experimental 

To prepare bis(cup’dipyridyl)Cd(II) nitrate hemi- 
hydrate 1.56 g (0.01 mol) @,a’-dipyridyl (Fisher) 
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TABLE I. Summary of Distances and Angles. 

Cd(l)-N 

Cd(Z)-N 

Cd(l)-O(1) 

Cd(l)-O(12) 

Cd(Z)-0 

N-Cd-N(chelate) 

N-Cd-N(non-chelate) 

0(12)-Cd(l)-O(1) 

0(13)-Cd(2)-O(14) 

2.34(1)-2.39(l) A 

2.33(1)-2.43(l) A 

2.246(g) A 

2.43(l) A 

2.41(I), 2.435(9) A 

69.5(4)-71.2(4)” 

87.2(4)-100.9(4)” 

100.0(3)” 

87.9(3)” 

dissolved in 100 ml of water and added to a 100 ml 
solution containing 1.54 g (0.005 mol) Cd(N03)2* 
4HzO (Baker and Adamson). The resulting solution 
was warmed gently (-80 “C) for ‘A hour and allowed 
to evaporate at room temperature. Diffraction quality 
crystals appeared after several days. The material for 
‘13Cd NMR studies was filtered and separated from 
the mother liquid and stored in closed vials until used. 

The diffraction data crystals were sealed in thin 
walled glass capillaries and mounted on an Enraf- 
Nonius CAD4 diffractometer for which the PDP-8A 
was interfaced to a PDP-1 I-40 [29] . 

The crystals were found to be orthorhombic: 
Pcab, D, = 1.73 g/cm’, D, = 1.93 g/cm3, a = 
14.372(l), b = 35.134(2), c = 17.174(4) A, Z = 16. 
With a p = 10.6 cm-’ the maximum and minimum 
transmission factors were found to be 0.887-0.430 
for the 3636 reflections used to solve and refine the 
structure. Final refinement by full-matrix least 
squares ended at R = 0.066 with anisotropic tempera- 
ture factors [30]. The atomic positional and thermal 
parameters are available*. A brief summary of inter- 
atomic distances and angles are in Table I. An ORTEP 
[3 1] drawing of the structure is shown in Fig. 1. 

The ‘13Cd NMR solution spectra was measured 
on a highly modified Varian XLIOO-15 described 
elsewhere [3, 321. The ‘13Cd resonances observed 
were with natural abundance Cd in solutions with 
variable concentration ranging from 56 m&l to 125 
m/U in DMF/methanol(D) and found to vary slightly 
(4 ppm) with concentration. 

Solid state ‘13Cd NMR spectra were obtained from 
CQ. 0.5 g samples of natural abundance ‘13Cd nuclide 
on a modified Bruker WP-200 spectrometer at 44.42 
MHz (4.7 T) using cross polarization (CP) and magic- 
angle-spinning (MAS) techniques. The contact time 

*AvaIlable from the authors or the editor upon request. 
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Fig. 1. An ORTEP [31] drawing of the two independent molecules in bis(2,2’dipyridyl) Cd(H) nitrate hemihydrate. The thermal 

ellipsoids are drawn at the 50% probability level. 

was 4 msec, the ‘H-90’ spin-locking time was 5 msec, 
and the recycle time was 4 sec. Rotor speeds of 
approximately 4 KHz were employed. A solid 
solution of 0.1 M Cd(ClO& was used as an external 
standard. 

The crystal structure may be described as made 
up of two crystallographically and chemically distinct 
six-coordinate distorted octahedral Cd’+ species 
separated by ordinary non-bonding interatomic 
distances. The coordination polyhedron of Cd(2) 
(see Fig. 1) is made up of four nitrogens from CY,(Y’- 
dipyridyl groups and 2 oxygen atoms of nitrate 
groups is a cis arrangement whereas Cd(l) has a 
similar arrangement, but one of the oxygen atoms 
is from water O(1) with a fairly short hydrogen bond- 
ed distance from O(1) to 0(11) of 2.61(l) A (see 
Table I). In addition, the Cd(l)-O(1) distance of 
2.246(9) is considerably shorter than the 2.42 5 0.02 
A average of the other three Cd-O distances (see also 
angles in Table I). By themselves these are perhaps 
not surprising. However, the solid state magic angle 
spinning l13Cd NMR clearly show two resonances 
of equal intensity at +I22 and +51 ppm, a separation 
of ‘71 ppm! These are deshielded relative to the 0.1 
M Cd(C104)a solution reference. In DMF/methanol- 
(D) solution, only one signal is observed at +66 ppm 
while a single resonance was observed at t172 in 
aqueous solution. Based on the solution data as well 
as the width of the resonances at half-height, Cd(l) 
is assigned to +122 ppm signal (width 283 Hz) while 
the +66 ppm signal (width 263 Hz) is due to Cd(2). 
This is consistent with previous assignments based 
on anisotropy of the cadmium [26]. 

The important point to be made is that in macro- 
molecules in which Cd atoms are substituted for 
other metals and where such a difference in reso- 
nances of two r13Cd atoms is observed, the current 
interpretation would be that there are two quite 
different Cd sites probably with significantly dif- 
ferent coordination polyhedron. It is clear from the 
above that these sites may be very similar. Such 
results are particularly important to solid state r13Cd 
NMR studies of macromolecules where the protein 
has lost/gained water molecules in the sample 
preparation process for ‘13Cd NMR studies. It is to 
be noted that recently [27] a difference of 10 ppm 
was observed for Cd in two essentially identical 
octahedral environments. 

Since Cd(2) has 2 additional oxygens of nitrates 
at 2.62(l), 2.69(l) A and Cd(l) has 1 additional 
oxygen of nitrate at 2.67(l) A, one might be tempted 
to explain the r13Cd NMR based upon higher coordi- 
nation number than six. However, evidence at this 
time tends to indicate that higher coordination for 
Cd tends to push the ‘13Cd resonance to more 
shielded values or negative relative to the 0.1 M 
Cd(C104)s water solution standard 1321. 

Acknowledgement 

This research was supported by NIH Grant GM- 
27721. We wish to acknowledge the NSF Regional 
NMR Center CH 78-18723 anu R.VV.L 2 D 1x7 T. thanks tble 

NIH for a MARC fellowship. 



Bioinorganic Chemistry Letters 

References 

li, 

11 

12 

13 
14 

15 

16 

17 

18 

G. E. Maciel and M. Borzo, J. Chem. Sot., Chem. 
Commun., 394 (1973). 
R. J. Kostelnik and A. A. Bothner-By, J. Magn. Resort., 
14, 141 (1947). 
A. D. Cardin, P. D. Ellis, J. D. Odom and J. W. Howard, 
Jr.,J. Am. Chem. Sot., 97, 1672 (1975). 
M. Holz, R. B. Jordan and M. D. Zeidler, J. Magn. Reson., 
22, 47 (1976). 
M. Armitage, R. T. Pajer, A. J. M. Schoot-Uiterkamp, 
J. F. Chlebowski and J. E. Coleman, Z. Am. Chem. Sot.. 
98, 5710 (1976). 
R. A. Haberkorn, L. Que, Jr., W. 0. GiIlum, R. H. Holm, 
C. S. Liu and R. C. Lord,Znorg. Chem., 15, 2408 (1976). 
J. F. ChIebowski, I. M. Armitage and J. F. Coleman, Z. 
Biol. Chem., 252, 1053 (1977). - 
J. L. Sundmeier and S. J. Bell. J. Am. Chem. Sot.. 99. 
4499 (1977). 
1. M. Armitage, A. J. M. Schoot-Uiterkamp, J. F. 
Chlebowski and J. E. Coleman, J. Mann. Reson., 29. 375 
(1978). 
D. B. Bailey, A. D. Carlin, W. D. Behnke and P. D. Ellis, 
J. Am. Chem Sot., 100, 5236 (1978). 
T. Drakenberg, B. Lindman, A. Cave and J. PareIIo, 
FEBS Lett., 92, 346 (1978). 
P. J. Sadler, A. Bakka and P. J. Beynon, ibid., 94, 315 
(1978). 
K. T. Suzuki and T. Maitani, Specialin, 34, 1449 (1978). 
J. D. Otvos and I. M. Armitage, 1. Am. Chem. Sot., 101, 
7734 (1979). 
J. J. H. Ackerman, T. V. Orr, V. J. Bartuska and G. E. 
Maciel,J. Am. Chem. Sot., 101, 341 (1979). 
A. Cave, I. Parello, T. Drakenberg, E. Thulin, B. Linde- 
man, FEBS Letters, ZOO, 148 (1979). 
T. Maitani and K. T. Suzuki, Znorg. Nucl. Chem. Letters, 
15, 213 (1979). 
E. A. H. Griffith and E. L. Amma. J. Chem. Sot., Chem. 
Commun., 1013 (1979). 

L15 

P. 
19 D. B. Bailey, P. D. Ellis and J. A. Fee, Biochemistry, 19, 

591 (1980). 
20 B. R. Bobsein and R. J. Myers, J. Am. Chem. Sot., 102, 

2454 (1980). 
21 J. D. Otvos and I. M. Armitage, Biochemistry, 19, 4031 

(1980). 
22 N. B. H. Tonsson, L. A. W. Tibell, J. L. Evelhoch, S. J. 

Bell and J. L. Sundmeier, PTac. Nat. Acad. Sci. USA, 
77,3269 (1980). 

23 P. F. Rodesiler, E. A. H. Griffith, P. D. Ellis and E. L. 
Amma, J. Chem. Sot., Chem. Commun., 492 (1980). 

24 A. J. M. Uiterkamp, I. M. Armitage and J. E. Coleman, 
J. Biol. Chem. 255. 3911 (1980). 

25 

26 

27 

28 

29 

30 

31 

32 

33 

T. T. P. Cheung, L. E. Worthington, P. DuBois Murphy 
and B. C. Gerstein, J. Magn. Resort., 41, 158 (1980). 
P. DuBois Murphy and B. C. Gerstein, J. Am. Chem. SOC., 
103, 3282 (1981). 
P. DuBois Murphy, W. C. Stevens, T. T. P. Cheung, S. 
Lacelle, B. C. Gerstein and D. M. Kurtz, Jr., J. Am. 
Chem. Sot., 103, 4400 (1981). 
P. G. Men&t, W. P. Shatlock, V. J. Bartuska and G. E. 
Maciel, J. Phys. Chem., in press. 
CAD-4 Data Collection Package, Revised for PDP 8A-11 
operation April 1980. Input parameters: fastest scan 
sveed 4”lmin. base width 0.80, 0-28 scan, nonequal 
test, Sigma(I)iI = 3, max scan time = 90 set, bisecting 
mode, intensity control - 3 ref every 2 hours, updata of 
25 orienting reflections every 24 hours. 
(a) B. A. Frenz, Enraf Nonius Structure Determination 
Packaae. Revision 3D. 1980 modified locally for the 
PDP-<l j40. 
(b) Refinement complected on Amdahl 470 V-6 with 
X-ray 79 of J. M. Stewart. 
C. A. Johnson, ORETP II. A Fortran Thermal-Ellipsoid 
Plot Program For Crystal Structure Illustrations, ORNL- 
3974,197o. 
C. S. Peters, R. Codrington, H. C. Walsh and P. D. Ellis, 
J. Magn. Reson.. II, 431 (1973). 
E. A. H. Griffith, P. F. Rodesiler and E. L. Amma, to be 
published. 


