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Abstract 

Unregulated or overexpressed matrix metalloproteinases (MMPs), including stromelysin, collagenase, and gelatinase, 
have been implicated in several pathological conditions including arthritis and cancer. Small-molecule MMP inhibitors 
may have therapeutic value in the treatment of these diseases. In this regard, the solution structures of two stromelysin/ 
inhibitor complexes have been investigated using 'H, I3C, and I5N NMR spectroscopy. Both inhibitors are members of 
a novel class of matrix metalloproteinase inhibitor that contain a thiadiazole group and that interact with stromelysin in 
a manner distinct from other classes of inhibitors. The inhibitors coordinate the catalytic zinc atom through their 
exocyclic sulfur atom, with the remainder of the ligand extending into the SI& side of the active site. The binding of 
inhibitor containing a protonated or fluorinated aromatic ring was investigated using 'H and "F NMR spectroscopy. The 
fluorinated ring was found to have a reduced ring-flip rate compared to the protonated version. A strong, coplanar 
interaction between the fluorinated ring of the inhibitor and the aromatic ring of Tyr155 is proposed to account for the 
reduced ring-flip rate and for the increase in binding affinity observed for  the fluorinated inhibitor compared to the 
protonated inhibitor. Binding interactions observed for the thiadiazole class of ligands have implications for the design 
of matrix metalloproteinase inhibitors. 
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Matrix metalloproteinases (MMPs), including stromelysin, colla- 
genase, and gelatinase, are involved in tissue remodeling associ- 
ated with embryonic development, growth, and wound healing. 
MMPs are regulated in vivo by selective endogenous tissue inhib- 
itors, TIMPs (Wojtowicz-Praga et al., 1997). Unregulated or over- 
expressed MMPs have been implicated in several pathological 
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conditions including arthritis and cancer (for recent reviews see 
MacDougall & Matrisian, 1995; Cawston, 1996). In these cases, 
where the balance between activated MMP enzymes and endog- 
enous TIMPs is tipped too much in favor of MMP activity, small- 
molecule inhibitors of stromelysin and other MMPs that mimic the 
function of TIMPs may have therapeutic value in the treatment of 
the aforementioned diseases (recently reviewed by Zask et al., 
1 996). 

Knowledge of  matrix rnetalloproteinase structure, especially the 
ligand binding site, would provide useful information regarding 
the optimization of lead compounds identified through screening 
efforts. With this end in mind, a number of NMR and X-ray crys- 
tallographic structural studies have been reported on stromelysin 
(Gooley et al., 1993, 1994, 1996; Van Doren et al., 1993, 1995; 
Becker et  al.,  1995; Dhanaraj et al., 1996) and collagenase (Borka- 
koti et  al.,  1994; Lovejoy et al., 1994; Reinemer et al., 1994; 
Spurlino et al., 1994; Stams et al., 1994; Grams et  al., 1995; 
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McCoy  et al., 1997;  Moy  et  al.,  1997)  complexed to  a  variety  of 
inhibitors. The  secondary  structure  and  global  fold  have been found 
to be quite  similar  for  stromelysin  and  collagenase  and  their var- 
ious  complexes with  ligands. 

These  previous  studies  have involved  inhibitors containing  ei- 
ther a carboxylate  or  hydroxamate  group that  coordinates  the  active- 
site  zinc  atom,  such  as is the  case  for  PNU-99533  (Spurlino  et  al., 
1994;  Stams  et al., 1994). With  the exception of  a Pro-Leu-Gly- 
hydroxamate  inhibitor  (Reinemer  et  al., 1994), the other  chemical 
groups of these  inhibitors interact  with  the S,"S; binding pockets in 
the  right side of the active  site  as  shown  schematically in Figure 1. 
A  highly conserved  interaction  exists  between a hydrophobic  group 
of these right-side binding  inhibitors  and the deep S,' pocket. 

The structural information  presented here describes  data  from a 
novel class of MMP binding  inhibitors,  represented by PNU- 
107859 ( K ,  710 n M )  and  PNU-142372 ( K ,  18 nM), which  contain 
a  thiadiazole  moiety  that coordinates the  catalytic zinc  atom through 
its exocyclic  sulfur  atom. In contrast  to  other  MMP  inhibitors (with 
the  exception of the  Pro-Leu-Gly-hydroxamate  inhibitor),  the 
thiadiazole-containing  inhibitors  extend  into the  left side of  the 
active  site  and interact  with the  more  shallow SI-& binding pock- 
ets  as  shown  schematically in Figure 1. The availability  of this 
structural  information provides a unique opportunity  to evaluate 
interactions between MMP inhibitors  and the  left  side  of the  active 
site with  regard  to  the design of inhibitors  with improved binding 
strength,  or with specificities  for  different  members of  the MMP 
family. Solution  NMR  studies of stromelysin  complexed  to  PNU- 
107859  and  PNU-I42372  are  complementary to  X-ray crystallo- 
graphic  studies of stromelysin  complexed to thiadiazole  ligands 
(Finzel  et al., 1998). 

RESULTS 

Stmrnel~~.sin/PNU-I07859 complex 

Sequential  main-chain  'H, "C, and I5N resonance  assignments 
were  made  for the stromelysin/PNU-107859  complex by analysis 
of a  variety of three-dimensional  data sets. Representative  assign- 
ment spectra  and a summary of resonance  assignments are  pro- 
vided as  supplementary  material. 

PNU-142372 

Fig. 1. Schematic diagram of the stromelysin active site. The locations of 
"C and "N labels in PNU-107859 are indicated with asterisks. Arrows 

NOES. 
indicate interactions between PNU-107859 and protein residues defined by 
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A three-dimensional "C-filtered,  I3C-edited NOESY  spectrum 
recorded on a [ '2C,14N]PNU-107859/[ "C,"N] stromelysin  com- 
plex  was  used  to  assign  protein/ligand  NOEs.  Several tww 
dimensional 'H- 'H  slices taken at various "C frequencies  are 
shown in Figure 2. Analysis of this data  set  was facilitated by prior 
assignment of  the  protein 'H", 'HP. I3Cn,  and I3CP resonances  as 
well as the  ligand resonances. Ten NOEs  between the  ligand and 
protein aliphatic  protons were assigned.  Nine involved  the  aro- 
matic ring  of PNU-I07859  and  one  involved the  terminal  methyl 
group.  NOEs  were  observed  between  PNU-  107859  and  protons of 
Tyr155, His166,  Tyr168,  andAla169. All four of these  residues  are 
located in the SI-& binding  sites in the  left side of  the active site 
(Fig. I ) .  

The  structure of  the stromelysin/PNU-l07859  active  site  as 
defined by the NMR  data is shown in Figure 3. PNU-107859 
coordinates the catalytic  zinc  atom through  the exocyclic  sulfur 
atom of the  thiadiazole moiety. The  planar urea extends  away  from 
the thiadiazole ring into the  left side of the active  site.  The  ex- 
tended  planarity  of  the thiadiazole-urea portion  would  seem  to 
preclude inhibitor  binding in the S,'-S; region  of  the active  site 
since the hydrophobic  aromatic  group of  the  ligand  would not be 
positioned  to  interact in the Si pocket. Instead,  the aromatic  ring of 
PNU-  I07859  interacts with  the hydrophobic S3 site  formed by the 
side  chains of His166, Tyr168, and Tyr155.  Proximity  to  several 
protein aromatic  groups,  especially the Tyr155  aromatic ring, ex- 
plains the observed - 1 ppm ring-current shifts  of  the PNU-  107859 
aromatic  resonances upon binding to stromelysin.  The interactions 
of the  PNU-I07859  aromatic  ring with the protein  are  very similar 
to  those  observed  for the proline  ring of  the  left-side binding 
Pro-Leu-Gly  hydroxamate  inhibitor mentioned earlier  (Reinemer 
et  al.,  1994).  The  observation of single  resonances  for the two 'H8  
and  the  two 'H'  protons of  the PNU-107859  aromatic ring  when 
bound to stromelysin  indicates that flipping  about the CO-CY bond 
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Fig. 2. Two-dimensional 'H-IH slices taken from the three-dimensional 
"C-filtered, "C-edited NOESY spectrum of the stromelysin/PNU-l07859 
complex. Slices correspond to the 13C frequencies indicated at the top. 
Assigned correlations are labeled according to the protein (horizontal ar- 
rows) and ligand (vertical arrows) protons involved. 
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Fig. 3. Solution  structure  of  the  stromelysin/PNU-107859  complex.  The  ligand  binding site  is shown. A: PNU-107859 in tubular 
format  docked  into  the  protein  represented  by a  solid  surface. B: All-tubular  format  with  protein  residues  involved  in proteidligand 
NOEs are  shown in orange.  PNU-107859 is colored by  atom  type.  The  catalytic  zinc  atom  is  represented  by  the  turquoise  sphere. 

is  not substantially restricted by interaction of this ring with the S3 ure 2 are satisfied. In addition, several protein-ligand NOEs pre- 
site. The methyl amide carbonyl group of PNU-107859 extends dicted from the coordinates of the final structure are consistent 
toward and interacts with residues in the S2 site. with tentatively assigned resonances. Based on proton-proton dis- 

Overall, the final structure is very similar to the initial structure, tances of <4.0 A, NOEs are predicted between the methyl, meth- 
with an RMSD of 1.86 A for all backbone atoms. All of the NOE ylene, and aromatic protons of PNU-107859 and  the aromatic 
constraints between the protein and PNU-107859 identified in Fig- protons of Tyr155 and Tyr168. However, since these aromatic 
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protein  resonances  wpre  not  conclusively  assigned,  NOEs  involv- 
ing  them  were  not  used in the  calculations.  Predicted  weak  NOEs 
between  the  PNU-107859  aromatic  protons  and  the  methyl  groups 
of  Val163  were  not  observed experimentally,  perhaps  because of 
ligand  ring  flipping. 

The RMSD for the  backbone  atoms of the  stromelysin/PNU- 
107859  and  stromelysin/PNU-142372 (Finzel et al.,  1998)  struc- 
tures is 2.07 A. The  two  structures agree reasonably  well in 
the  active  site.  However,  some  differences are observed. In the 
stromelysin/PNU-107859  structure,  the  ligand's  methyl  amide  car- 
bonyl  group  is  in  the  opposite  orientation  and its aromatic  ring is 
pulled  further  into the active  site.  The  opposite orientation'of the 
methyl  amide  carbonyl  group  results  from  the  fact  that  either  ori- 
entation can satisfy  the NOE constraint  involving  the  ligand me- 
thyl protons.  The  different  binding  interactions  observed for the 
ligand  aromatic  rings  may  be  related  to  differences in their  quad- 
rupole  moments as discussed below. 

A  three-dimensional IH-I5N ROESY-HMQC data set was also 
recorded  on this complex  to  identify  bound  water  molecules.  Fif- 
teen  ROE crosspeaks  were  observed at the  water  frequency.  Five 
ROE crosspeaks  were  identified  that  could  not  be  attributed  to 
either  proximity  to  a  rapidly-exchanging  side-chain  proton  or  a 
nonwater  proton.  These  five  ROEs  involved  the  backbone  amide 
protons  of  Arg149, Hisl51, Asp153,  Phe154,  and  Tyr155. An ad- 
ditional  seven  ROEs  involved  backbone  amide  groups  that are 
within 5.0 A of a  rapidly-exchanging  side-chain  proton.  These 
ROEs  involved  Thr95,  Glu137,  Gly159, Thrl91, Leu229,  Thr230, 
and  Thr255.  Two  ROEs  involving  the  backbone  amide  protons of 
Gly192  and  Phe210  could  be  assigned  to 'Ha protons  resonating 
near the  water  frequency.  The  five  observed  ROEs  to  bound  water 
were  attributed  to  two  bound  water  molecules  that  were  included 
in  the structure  calculations  for this complex.  The  locations of the 
NMR-identified  bound  water  molecules are shown in Figure  4. 

Fig. 4. Space-filling structure of the stromelysin/PNU-107859 complex. 
PNU-107859  is colored by atom type. The catalytic zinc atom is shown in 
turquoise  beneath  PNU-107859. The two bound  water molecules are shown 
in light blue. Residues with the largest differences in 'H and 15N chemical 
shifts between the stromelysin/PNU-107859 and stromelysin/PNU- 142372 
complexes are shown in orange and  labeled. 

Both  water  molecules are also  observed  in  the  X-ray  crystallo- 
graphic structure used  as  the starting conformation (Becker 
et al.,  1995)  and  in  the  X-ray  crystallographic  structures of  two 
stromelysin/thiadiazole  complexes  (Finzel et al.,  1998).  Residues 
Hisl51, Asp153,  Phe154,  and  Tyr155  form  a  turn  conformation  in 
both  the  starting  and  final  conformation of  the  complex. The  ob- 
served  ROEs result  from  a  bound  water  molecule  located in the 
middle of this turn, labeled  Watl  in  Figure  4,  corresponding  to 
Wat303  in the  starting  X-ray  crystallographic  structure.  The  ROE 
to bound  water involving  Arg149  identifies  a  second  bound  water 
molecule,  labeled  Wat2  in  Figure  4. This water  molecule  corre- 
sponds  to  Wat354  in  the  starting  X-ray  crystallographic  structure. 
The  conservation of  these  two  bound  water  molecules  in several 
stromelysin/ligand  complexes  confirms  that  they  are  structurally 
important  to  this  region  of  the  protein.  Their  presence,  however, is 
not dependent on  ligand orientation,  since  they  are  observed in 
complexes with the  ligand  occupying  either  the SI-& or $4; 
binding  pockets. 

Stromelysin/PNU-I42372 complex 

Two-dimensional  IH-15N  HSQC  and  three-dimensional  IH-15N 
NOESY-HSQC spectra  were  recorded  on  PNU-142372  complexed 
to  [15N]stromelysin.  Sequential  main-chain 'H and I5N resonance 
assignments  were  made for the  stromelysin/PNU-142372  complex 
by direct  comparison of these  data  sets with those  recorded on  the 
stromelysin/PNU-107859  complex.  Approximately  90% of the 
backbone  'H-I5N  groups  had  identical  chemical shifts in  the  two 
complexes.  However,  a  subset  of  about  20  residues  had  slight 
perturbations of  their chemical  shifts.  The  pattern of  very  localized 
chemical shift changes  is  similar to  what  we  observed  previously 
in a  series of single-site  flavodoxin  mutants  (Stockman  et  al., 
1994).  As  with flavodoxin,  the  small  change  in  the  chemical  struc- 
ture of  the stromelysin/ligand  complex  induced only  localized 
perturbations  in  the  solution  structure. Not including  histidine  res- 
idues,  residues  that  undergo  the  largest  changes in backbone  amide 
group  chemical  shift  are Thr98, Arg134, Asp153,5r155, Gly161, 
Leu164,  Ala167,  Tyr168,  Ala169,  and Phel80. Except for Thr98 
and  Arg134,  these  residues are concentrated  in  the  active  site, 
especially  in  the S,-S3 pockets  of the  ligand  binding  site  as  shown 
in  Figure  4. Thr98 and  Arg134 are lo'cated close  together on  the 
protein's  surface away from  the  active  site.  The  observed  changes 
in  their  chemical  shifts may reflect  small  differences in solution 
conditions  between  the  two  complexes.  The  observed  clustering  of 
chemical  shift  changes in the  active  site  indicates  that  comparison 
of  protonated  and fluorinated  versions of a  ligand  complexed  to  a 
receptor  may  be generally  applicable  to  other  systems as well,  thus 
providing  a  useful  tool  to  identify  protein-ligand  recognition  sites. 

The  one-dimensional  19F  spectrum  of  the  stromelysin/PNU- 
142372  complex  is  shown  in  Figure 5. Distinct  resonances  are 
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Fig. 5. One-dimensional "F spectrum of the stromelysin/PNU-142372 
complex. 
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observed for  the bound ligand (broad lines) and excess free ligand 
(sharp lines), as expected for a ligand with an 18 nM binding 
constant. Unexpectedly, the spectrum contains distinct, resolved 
resonances for the two ortho fluorine atoms of the bound ligand. A 
single resonance was observed for  the para fluorine atom while the 
two meta fluorine atom resonances were overlapped in the bound 
ligand. Usually, the two  ortho (and two meta) protons of a sym- 
metric aromatic ring, such as in a phenylalanine or tyrosine resi- 
due, will resonate at the same chemical shift. Even though the two 
individual ortho (and meta) protons experience different environ- 
ments in the protein structure, and thus, potentially have different 
chemical shifts, their observed chemical shift is derived from the 
average of the two environments because of rapid rotation about 
the Cfi-Cy bond. The same applies to fluorine atoms on a sym- 
metric aromatic ring. Observation of separate resonances for the 
two ortho fluorine atoms of stromelysin-bound PNU-142372 is in 
contrast to the single resonance observed for both ortho protons of 
stromelysin-bound PNU-107859, indicating that the ring flip rite 
(rotation about the CP-CY bond) is reduced for stromelysin-bound 
PNU- 142372 compared to stromelysin-bound PNU-107859. A ring 
flip rate of approximately IOO/s can be estimated from the differ- 
ence in linewidths for the bound ortho and para fluorine atom 
resonances (assuming a two-site exchange model). This is at least 
two orders of magnitude slower than the ring flip rate for PNU- 
107859. which has been estimated to be >25,000/s. 

Discussion 

The left-side binding mode of thiadiazole  inhibitors was un- 
expected. In light of the goal to develop potent, broad-spectrum 
MMP inhibitors, this finding has had profound implications for 
drug design, To satisfy these criteria, a compound should be active 
against  stromelysin,  gelatinase, and collagenase.  While PNU- 
107859 is a good inhibitor of stromelysin (Ki 710 nM), it is a poor 
inhibitor of gelatinase and is inactive against collagenase. In the 
case of collagenase, this most likely results from lack of conser- 
vation of  key protein residues in the left side of the active site. 
Chief among these are the substitutions of Phe154, Tyr155, Tyr168, 
and Ala169 in stromelysin with asparagine, serine, phenylalanine, 
and glutamine, respectively, in collagenase. Collectively, these sub- 
stitutions result in a much more hydrophilic SI-& environment in 
collagenase compared to stromelysin. Efforts to modify PNU- 
107859 in such a manner as to improve binding to collagenase 
would most likely reduce affinity for stromelysin. In addition to 
these differences, the left side of the active site is shallower than 
the right side, providing fewer possible sites for  protein/ligand 
binding interactions. 

The difference in ligand aromatic ring flip rates may  be asso- 
ciated with the 40-fold  tighter  binding of PNU-142372 than 
PNU-107859 to stromelysin. The reduced ring flip rate in the 
PNU-142372 complex may arise from steric clashes imposed by 
the larger size of the fluorinated ring. Favorable hydrogen bonding 
interactions between the fluorine atoms and nearby bound water 
molecules may also play a role. More likely, however, the elec- 
trostatic interaction between the protein and the aromatic rings of 
PNU-107859 and PNU-142372 differs. Substitution of the aro- 
matic hydrogen atoms with fluorine atoms has the effect of revers- 
ing the quadrupole moment of the aromatic ring. The aromatic ring 
of PNU-142372 interacts in a parallel-plate fashion (Bovy et al., 
1991) with the aromatic ring of  Tyr15.5, as observed in the X-ray 
crystallographic structure of this complex (Finzel et al.: 1998). 

This type of interaction results because the quadrupole moments of 
the two aromatic rings are in opposite orientations. This interaction 
would restrict rotation about the CP-CY bond in PNU-142372. In 
the stromelysin/PNU- 107859 complex, the interaction between 
the Tyr15.5 and ligand aromatic groups is most likely a perpendicular- 
plate one (Bovy et al., 1991), since the quadrupole moments of the 
two aromatic rings are in identical orientations. This interaction 
allows more rapid rotation about the Cfi-Cy bond. 

In this respect, it is interesting to compare the binding affinities 
and structural observations of the PNU-107859 and PNU-I42372 
complexes reported here with the binding affinities and structural 
observations of the PNU-141803 and PNU-I42372 complexes (Fin- 
zel et al., 1998). In their respective X-ray crystallographic struc- 
tures, the aromatic rings of PNU-141803 and PNU-142372 are 
located in the same region of the active site yet interact quite 
differently with the aromatic ring of Tyrl 55. The fully-protonated 
ring of PNU-141803 interacts poorly with  Tyr1.55, while the fully- 
fluorinated ring of PNU-142372 has an optimal rr-rr stacking 
interaction with Tyr155. While there are other differences between 
PNU-141803 and PNU-142372 and this proteidligand aromatic/ 
aromatic interaction may not account for the entire difference in 
binding affinity, the IS-fold affinity difference is comparable to 
that observed between PNU-107859 and PNU- 142372. Incorpora- 
tion of fluorinated aromatic rings into inhibitors may prove gen- 
erally useful for improving the potency of other ligands that have 
aromatic-aromatic interactions with their receptor. 

Methods  and materials 

Structural Constraints 

Since the highest priority for data analysis was on the active site 
conformation, structural constraints were concentrated in and around 
the active site. Our experience with numerous stromelysin/ligand 
complexes and comparisons to published structures indicates that 
the nonactive-site regions of stromelysin are nearly identical in  
each complex. Regions of the starting structure most likely to 
change conformation during the NMR-based structure refinement 
calculations are those areas of the protein that interact with ligands. 
The NMR constraints incorporated for the bulk of the protein thus 
serve to maintain the elements of secondary structure and the 
integrity of the metal binding sites during the energy refinement, 
while the protein-ligand constraints serve to dock the ligand into 
the active site. Constraints imposed between the protein and the 
two zinc atoms and three calcium atoms were based on published 
solution NMR (Gooley et al., 1994) and X-ray crystallographic 
(Becker et al., 1995) structures of stromelysin. 

For the stromelysin/PNU- 107859 complex, 541 constraints were 
used  in the structure refinement calculations. These included 356 
NOE constraints, 1 I I distance restraints, and 74 dihedral con- 
straints. Of the 356 NOE-derived constraints, 5 involved con- 
straints between the protein and 2 bound water molecules and 9 
involved constraints between the protein and PNU-107859. Of the 
1 I 1  distance constraints, 90 represented hydrogen bonds inferred 
from the secondary structure, 13 involved protein-calcium inter- 
actions, and 7 involved protein-zinc interactions. For the catalytic 
zinc atom, one distance constraint involved the exocyclic sulfur 
atom of PNU-107859. Of the 74 dihedral constraints, 72 repre- 
sented constraints inferred from the secondary structure and 2 
represented constraints to maintain the planarity of the PNU- 
107859 urea moiety. 
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Structure calculations 

All calculations were run on a Silicon Graphics Indigo2 computer 
using the program Discover from Molecular Simulations, Inc. (San 
Diego, California). The starting point for the structure calculations 
was the coordinates of stromelysin taken from the X-ray crystal- 
lographic  structure of stromelysin  complexed to N [ 1  (R)-  
carboxyethyl]-cu-(S)-(2-phenylethyl)glycine-~-arginine-N- 
phenylamide (Becker et al., 1995). This structure (Protejn Data 
Bank file name: 1 SLN) was chosen since it contains two additional 
calcium atoms compared to the available NMR solution structures. 
This is critical since one of the additional calcium atoms interacts 
with residues adjacent to the left side of the binding site and is thus 
important for maintaining structural integrity during calculations 
with the thiadiazole inhibitors. After adding protons to the X-ray 
crystallographic structure, PNU-I07859 was manually docked into 
the binding site in a manner consistent with the pattern of protein/ 
inhibitor NOEs. This starting structure was then subjected to  re- 
strained energy minimization and restrained molecular dynamics 
incorporating the NMR and structural constraints as energy terms. 
NOEs were classified as strong, medium, or weak. Corresponding 
upper bound constraints were 3.0,4.0, and 5.0 A. The lower bound 
constraints used  in the calculations were the van der Waals contact 
radii. Force constants used were 40 kca1irnol.A' for distance and 
NOE constraints and 40 kcal/mol.rad* for torsion angle con- 
straints. To limit the movement of atoms from their initial posi- 
tions, tethering force constants of 500 and IO0 kcal/A were used 
during energy minimization and molecular dynamics, respectively. 
All calculations were performed with neutral amino acid side chains 
using a distance-dependent dielectric constant without a solvation 
sphere of explicit water molecules. The structure presented here 
was generated with the following protocol: restrained energy min- 
imization for 100 steps of steepest descents, restrained energy 
minimization for 500 steps of conjugate gradients, restrained mo- 
lecular dynamics for 50 ps at 300 K, 5 ps at 285 K, 5 ps at 270 K, 
5 ps  at 255 K, 5 ps at 240K, 5 ps at 225 K, 5 ps at 210K, 5 ps at 
195 K, 5 ps at 180 K, 5 ps at I65 K, and 40 ps at 150 K. The final 
structure contained no distance violations greater than 0.1  A nor 
dihedral angle violations greater than IO". Atomic coordinates for 
the stromelysin/PNU-l07859 complex have been deposited with 
the Protein Data Bank (3USN). 

Electronic supplementary material 

Three tables and one text file containing 'H,  "C, and "N reso- 
nance assignments, data acquisition parameters, and sample prep- 
aration and NMR data collection methods for both complexes are 
included. Four figures illustrating the quality of the NMR assign- 
ment data are provided. 
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