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Abstract: Wide-angle X-ray scattering and diffusion NMR techniques have been used to obtain structural
information on three self-assembled metallacyclic supramolecular complexes in solution: a rectangle, a
triangle, and a three-diminsional cage. The low-angle region of the measured diffraction patterns and
hydrodynamic radii calculations, determined from DOSY NMR experiments, suggest that the supramolecular
assemblies retain their shape when dissolved in nitromethane. The experimental structure functions for
the large-angle region have been analyzed, and the intramolecular contributions of the platinum—platinum
interactions are discussed. These scattering measurements provide evidence that the supramolecular
assemblies are not as rigid in solution as they are in the single crystal. Finally, by analysis of the radial
distribution functions of the solutions, direct structural information (e.g., platinum—platinum intramolecular
distances and coordination number) about the supramolecular assemblies has been obtained.

Introduction A major challenge in supramolecular chemistry and self-

Molecular self-assembly, the process whereby molecules assembly, including the metal-directed approach, is proper
structural characterization. This task is made all the more

spontaneously form ordered supramolecular ensembles via

noncovalent interactions, is an area of considerable currentdmmun by the complexity and nanoscale dimensions of
interest and research activity due to its broad impact across asupramole(:ular ensembles and architectures. Mass spectrometry
wide range of materials and biomimetic chemistr§.In this and lmul;muclear ,';MR spfectfroscopy are mosdt cor(r;rrclionly
process the molecular structure, with its built-in recognition €MPloyed to provide proof of composition and to deduce

elements, determines the structure of the ordered supramolecula?tructural information, respectively. In cases where a suitable
ensemble. single crystal can be obtained, classical single-crystal X-ray

In the past dozen years, metal-driven and -directed self- diffraction provides the most reliable structural data, but only

assembly, taking advantage of the directionality of the metal in :Te solid state. ionin th ‘ lecular chemi
ligand dative interactions, has emerged as a major paradigm in n |mporta_1nt question in the area of supramolecuiar ¢ emistry
abiological self-assembfy:17 This paradigm is well suited for and metal-directed self-assembly is the formation, shape, and

the construction of both finite supramolecular species with well- strucktlure of ':jhese zpemes 'E Soll_‘ét'ofn' Itis rlec_ogrrl:zed It_gat very
defined structures and infinite networks such as grids, helicates,Wea y coordinated network solids form only in the solid state

and the likes—17 upon crystallization and do not exist as discrete species in
solution!® However, with the development of modern electron-
* Hungarian Academy of Sciences. ics and high-speed computers, interest in liquid and solution
(1; l{/\f}%\_/tersgy OfGUt,alh-B heva, Nproc. Natl, Acad. Sci. U.S.£002 99 structures of molecules has grown steadth?! Multinuclear
itesides, G. M.; Boncheva, NProc. Natl. Acad. Sci. U.S. , "
A4769-4774. NMR, by exploiting the nuclear Overhauser effect (NOE),
(2) Lehn, J.-M.Proc. Natl. Acad. Sci. U.S.£2002 99, 4763-4768.
(3) Lehn, J. M. Supramolecular Chemistry: Concepts and Perspesti (12) Caulder, D. L.; Raymond, K. Nl.. Chem. Soc., Dalton Tran999 1185—
VCH: New York, 1995. 1200.
(4) Lehn, J. M. InThe New ChemistpyHall, N., Ed.; Cambridge University (13) Caulder, D. L.; Raymond, K. NAcc. Chem. Red.999 32, 975-982.
Press: Cambridge, U.K., 2000; pp 20B51. (14) Fujita, M.Chem. Soc. Re 1998 27, 417—425.
(5) Seidel, S. R.; Stang, P. Acc. Chem. Re®002 35, 972-983. (15) Stang, P. J.; Olenyuk, B\cc. Chem. Re<.997, 30, 502-518.
(6) Fujita, M.; Umemoto, K.; Yoshizawa, M.; Fujita, N.; Kusukawa, T.; (16) Lehn, J. M., Chair Ed. Board; Atwood, J. L., Davis, J. E. D., MacNicol,
Biradha, K.Chem. CommunZOOl 6, 509-518. D. D., Vogtle, F. E. E., EdsComprehensie Supramolecular Chemistry
(7) Cotton, F. A.; Lin, C.; Murillo, C. A.Acc. Chem. Re2001, 34, 759— Pergamon Press: Oxford, U.K., 1996; Vols-11.
771 (17) Stoddart, J. F., EdMonographs in Supramolecular Chemistry @; Royal
(8) Holllday, B. J.; Mirkin, C. A.Angew. Chem., Int. EQR001, 40, 2022 Society of Chemistry: Cambridge, U.K., 1989, 1991, 199996.
2043. (18) Desiraju, G. R.Crystal Engineering: The Design of Organic Solids
(9) Swiegers, G. F.; Malefetse, T. Ghem. Re. 2000 100, 3483-3538. Elsevier: New York, 1989.
(10) Leininger, S.; Olenyuk, B.; Stang, P.Ghem. Re. 200Q 100, 853-908. (19) Licheri, G.; Piccaluga, G.; Pinna, @hem. Phys. Lett1975 35, 119~
(11) Baxter, P. N.; Lehn, J. M.; Baum, G.; Fenske,@hem. Eur. J1999 5, 123.
102-112. (20) Licheri, G.; Piccaluga, G.; Pinna, G.Chem. Physl976 64, 2437-2441.
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provides support for the existence of shape-persistent supra-conformational state of proteins in soluti®t13 Tiede and co-

molecular macrocycles and three-dimensional cages. Howeverworkers characterized the shape of a supramolecular-gostst

due to the rapid isotropic tumbling of the molecules in solution, porphyrin macrocycle using wide-angle scattering to 6 A

NOE methods are confined to shork@ A) atom—atom resolution?®

distances. Therefore, further proof of the solution structure is  In this paper we demonstrate the use of wide-angle X-ray

highly desirable. diffraction and NMR methods to establish the existence as well
Traditionally, several spectroscopic (e.g., infrared and Raman) as the shape and size of our previously reported self-assembled

and diffraction methods (e.g., X-ray and neutron) have been metallacyclic rectangle?},> triangle @),5° and D3, molecular

employed to determine the coordination numbers and solvationcage 4)! in solution (Figure 1).

shell of molecules and ions in solution. Coordination numbers, Results and Discussion

distances between atoms, and temperature factors of the atom

pairs have been determined from the intensities of elastically ~Small-angle X-ray scattering was used to determine the

scattered electrons, photons, and neutrons through atom bomoverall sizes and shapes of the metallacyclic complexes, while

bardment. Inelastic scattering of electrons by atoms is small large-angle scattering produces interference patterns. These

and therefore usually not considered in the diffraction measure- interference patterns are then compared to the calculated

ments as a possible source of structural information. Wide-anglescattering patterns to determine the conformation of these

X-ray diffraction measurements have often been used for supramolecular complexes in solution. The solution structures

structure studies of liquids and solutions in systems called are compared to the previously determined solid-state X-ray

“simple liquids and solutions®?33 Aqueous or alcoholic solu-

structures.

tions of small molecules (less than a few angstroms) have been Low-Angle Region (0.12-2.48 A™%). Comparing the X-ray

examined by wide-angle X-ray diffractiéf. 36 Presently, X-ray

scattering curves of these complexes assisted with determining

and neutron diffraction methods are being utilized to examine Whether supramolecular complexes such Zsare shape-
ion pairing3”-4° liquids and solutions under high pressure and Persistent in solution. The low-angle X-ray scattering curves
temperaturdl~45 complexes which have complicated structures obtained, plotted as a function of the scattering variaklfls

that are insoluble in watéf,*” and even supramolecular
assemblie4® However, with the development of computer

= (4n/4) sin O], are shown in Figure 2. The atenatom
distancesr() can be calculated frork, values of the maxima

programs to calculate solution X-ray scattering on the basis of Of scattered intensity on the basis of the equakign = tan-
atomic coordinate&) 5! these techniques have recently been (kin). _ _ _
applied, as a complement to NMR spectroscopy, to probe the The platinum-platinum distances calculated from the single-

(21) Caminiti, R.; Licheri, G.; Piccaluga, G.; Pinna, &.Appl. Crystallogr.
1979 12, 34-38.

(22) Caminiti, R.; Licheri, G.; Piccaluga, G.; Pinna, G.; RadnaiJTChem.
Phys.1979 71, 2473-2476.

(23) Newsome, J. R.; Neilson, G. W.; Enderby, J. E.; Safndstid. Chem.
Phys. Lett.1981, 82, 399-401.

(24) Cummings, S.; Enderby, J. E.; Howe, R.A.Chem. Phys. @98Q 13,
1-8

(25) HeWish, N. A.; Neilson, G. W.; Enderby, J. Bature 1982 297, 138—
139.

(26) Pdinkas, G.; Heinzinger, KChem. Phys. Lett1986 126, 251—254.

(27) Yamaguchi, T.; Otaki, H.; Spohr, E.IR&kéas, G.; Heinzinger, K.; Probst,
M. M. Z. Naturforsh. A1986 41A 1175-1185.

(28) Radnai, T.; Finkas, G.; Caminiti, RZ. Naturforsh. AL1982 37A 1247—
1252.

(29) Kalman, E.; Radnai, T.; Rakéas, G.; Hajdu, F.; Vertes, AElectrochim.
Acta 1988 33, 1223-1228.

(30) Probst, M. M.; Radnai, T.; Heinzinger, K.; Bopp, P.; Rode, BJVPhys.
Chem.1985 89, 753-759.

(31) Kameda, Y.; Ebata, H.; Usuki, T.; Uemura,Rhysica B1995 213 477~
4

(32) Ohtaki, H.; Radnai, TChem. Re. 1993 93, 1157-1204.

(33) Marcus, Y.Chem. Re. 1988 88, 1475-1498.

(34) Ohtaki, H.Pure Appl. Chem1987, 59, 1143-1150.

(35) Johansson, GAdv. Inorg. Chem.1992 39, 159-232.

(36) Yamaguchi, TPure Appl. Chem199Q 62, 2251-2258.

(37) Megyes, T.; Grsz, T.; Radnai, T.; Bakd.; Pdinkas, G.J. Phys. Chem.
A 2004 108 7261-7271.

(38) Megyes, T.; Radnai, T.; Gsa, T.; Péinkas, G.J. Mol. Lig. 2002 101,
3-18

crystal X-ray data for the rectangle, triangle, and three-
dimensional cage are reported in Table 1. The reported
platinum—platinum distance for the half-rectangle was deter-
mined by modeling the molecule on the basis of the rectangle
using the program Hyperchem version 6.0. For the recta?gle

a maximum of six platinumplatinum interactions are possible.
However, only three interactions are expected to give rise to
the peaks observed in the X-ray scattering curves recorded for
this symmetrical complex, since the two short sides of the
rectangle are equivalent (5.75 A), as are the two long sides (11.3
A) and the two diagonals (12.6 A). Similarly, only six
interactions are expected to be observedf¢r.7 A x 3, 11.3

A x 3,154 Ax 2,17.1 Ax 4, 18.04 Ax 2, and 20.82 Ax

1) and four for4 (5.65 A x 3, 10.65 Ax 5, 11.66 Ax 4, and
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Figure 1. Molecular structures of supramolecular completest.

600 1. The scattering curves were calculated using the program
CRYSOL$2 using single-crystal X-ray diffraction d&fa%! and
500- accounting for solvent interactions. There is very good agree-
z ment between the experimentdf) and calculated k()
§ 400 positions of the peaks which are due to the platirtptatinum
= interactions, suggesting that the assemblies are very similar in
3001 both the solution and solid states. Since it is not possible to
200- include solventsolvent and solvertassembly interactions in
the calculated curves, the peak intensities cannot be compared.

05 1.0 A‘J 5 20 25 As expected for the half-rectangle, only one peak is observed,

, ) i ) 0.67 A1, corresponding to a platinuaplatinum distance of
Figure 2. Corrected X-ray scattering patterns fiofblack line) and? (blue 11.4 A (Figure 3a). However, X-ray scattering curves measured
line). Contributions from the long platinufrplatinum distance give rise to T ’ . : .
the peak at 0.61 AL The second peak at 1.35A(5.75 A) is not observed on nitromethane solutions of the rectangle are not as simple as
in the scattering pattern of the half-rectangle because there is no shortthose observed for the half-rectangle (Figure 3b). First, the peak

platinum-platinum interaction. The large peak at 1.7%s due to solvent at 0.66 Al is shifted to 0.61 AL This peak originates from

interactions. four long platinum-platinum interactions in the rectangle,
Table 1. Platinum—Platinum Distances Calculated from the corresponding to the two sides-11.3 A) and two diagonals
Previously Reported™ ¢! Single-Crystal X-ray Data for the (~12.6 A) of the rectangle. In addition to the peak~ad.61
Supramolecular Complexes? 1 . .
A-1, a second peak is observed at 1.35' Acorresponding to
complex  platinum~platinum distances, A Ko At Ko A two platinum-platinum interactions of 5.75 A (short side of
1 11.30 0.67 0.66 the rectangle) (Figure 3b). The scattering patterr2fbas been
2 5.60,11.30,12.60 1.38,0.67 1.40,0.61 deconvoluted, and the contributions of the solvent as well as
3 7.70,11.30, 15.40, 17.10, 18.04 1.14,0.82,0.44 1.17,0.81,0.44 . lecular olati lati : . h :
4 565 1065 11.66, 12.09 1.14,0.66 0.66 intramolecular platinumplatinum interactions to the scattering
curves of2 are shown in Figure 4.
aCalculated K") and experimentalk[,%)) scattering variables were Three peaks are observed in both the measured and calculated

determlged from the scattering curves in Flgure3 The error in the dlstancesx_ray scattering curves of8 (Figure 3c). There is good
is 0.01 . : .
agreement between the experimental and calculated scattering

variables. The peak at 0.44 -A corresponds to the six
The experimentally measured low-angle scattering curves forplatlnum—platlnum interactions between 17.5 and 18 A, the
complexesl—4 are compared with calculated scattering curves

(1.4 A1 resolution) in Figure 3, and the data are listed in Table (62) See Supporting Information for details about how the program was used.

J. AM. CHEM. SOC. = VOL. 127, NO. 30, 2005 10733
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Figure 3. Calculated (solid line) and experimental (dotted line) X-ray scattering curves for nitromethane solutiong,dbjd, (c) 3, and (d)4.

200 bution of the long-range interactions from the solvent (“con-
1501 tinuum part”) to the total scattering curve, based on neat liquid
nitromethane, was calculated using eq S7. The total solvent
100 contribution to the structure function of the solution was
%: 50 T~ subtracted, and the resultant difference curves were compared
-

to the intramolecular platinumplatinum contributions of the

0 ! . . .
complexes. The platinumplatinum interactions occur between
-50+ 0 and 7 A%in the measured and theoretical calculated structure
-1004 functions (Figure 6). The similarity of the calculated and
00 05 1.0 15 glg 25 3.0 measured scattering curves is remarkable, considering that
kIA interactions between the molecular assembly and solvent were
Figure 4. Deconvoluted structure function (black line) &fand contribu- not taken into account. Due to the complexity of this system,

tions from the solvent (blue line) and intramolecular platinum interactions

in the complex (red line) to the scattering curves. further analysis of the interactions between the molecular

assembly and solvent was not possible.

The pair correlation functiongy(r), for 1—4 are shown in
; . A A Figure 7. A visual inspection of the radial distribution functions
interactions between 11.3 and 15.5 A, and the one at 1.4 indicates that they are composite and no peaks can be uniquely

is due to the three interactions of7.70 A. For the molecular . assigned to a specific interaction. The first two peaks in the
cage4 the agreement between the measured and theoretical, iy correlation function are centered at.20 and~2.25 A

X-ray scattering curves is less satisfactory (Figure 3d). The first (Figure 7) for all four complexes. The solvent and anion

peak (0.66 A%), corresponding to a distance of 5.56 A, is jieractions are short range 8 A) and most likely overlap to
observed in both the calculated and experimental scattering¢y -, these peaks.

curves. However, due to the poor solubility of tbg, cage,
the concentration of the solution studied is very low and the
second peak, calculated at 1.14Ais masked by the solvent
peak and cannot be resolved.

peak at 0.82 Al is due to the five platinumplatinum

The pair correlation functions irf[g(r) — 1] representation
are shown in Figures 8 and 9. The experimental platirum
platinum pair correlation functions (Figure 9) have been

i . 1 i . calculated and fitted to modeled pair correlation functions
Large-Angle Region (0.19-16 A™). The low-angle region containing a sum of Gauss functioffsPlatinum-platinum

was successfully used to show that the supramolecular as-. . S
y P distances 1), mean square deviationg)( and coordination

semblies are shape-persistent in solution. However, due to the - . .
. Pe-p . ) number ) were obtained foR and3 and are given in Table 2.
instrumental setup, it was not possible to collect data below

0.12 A1, and therefore the radius of gyration could not be ~ AS expected, no short platinuaplatinum interactions are
calculated. More direct structural information has been derived Pserved in the pair correlation function for the half-rectangle.
from the large-angle region. The measured structure functions HOWever, the long platinumplatinum distance appears at
kh(K) are compared to the calculated intramolecular contributions 11-40(0.01) A. The inset in Figure 8a contains the composition
from the supramolecular complex and the solvent in Figure 5.
The theoretical contributions were calculated on the basis of (63) Details about the treatment of the experimental pair correlation function

. . . : . . and the model pair correlation function are given in the Supporting
the equations given in the Supporting Information. The contri- Information.

10734 J. AM. CHEM. SOC. = VOL. 127, NO. 30, 2005
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A0 15

KA' 10 15 0 5 WA 10 15

Figure 5. Structure function&i(k) multiplied byk for (a) 1, (b) 2, (c) 3, and (d)4 supramolecular complexes in nitromethane solution. The difference curve
(blue line) was obtained by subtracting the total solvent contribution from the measured structure function (red line). This difference cugreeisénta
with the theoretical intramolecular contributions of the supramolecular complex (green line). The intramolecular solvent contributionsheneraldack

line).

o
S

A
0 h f;zfstl L VV 7 W v
< =
Al hY
2 ; : -1 : .
0 2 ”A.14 6 0 2 AT 4

Figure 6. Structure functionsi(k) multiplied byk for (a) 1, (b) 2, (c) 3, and (d)4 in nitromethane solution. The difference structure function (blue line) is
compared to the calculated intramolecular contributions of the supramolecular complex (green line) and to the-ghéditimum interaction (red line). For

ease of comparison, the main peaks are marked with vertical lines.

of the peak between 9.5 and 13 A. The platinupiatinum hereafter referred to as coordination numimgy\fas determined

interaction is represented with a red line; the remaining three to be 2.10(0.01) and 2.29(0.20) for the peaks at 5.6 and 11.3
interactions occur between the molecular assembly and solventA, respectively. The excellent agreement between the experi-

The pair correlation function for the rectangle is shown in mental and theoretical peaks suggests that the rectangle retains

Figure 8b. Peaks at 5.60(0.01) and 11.30(0.01) A correspondits shape in solution. However, the peaks corresponding to the
to the platinum-platinum distances along the short and long diagonal platinum distance, determined to be 12.67(0.01) and
sides of the rectangle, respectively. The number of overlapping 12.55(0.01) A from the theoretical model, overlap and are
platinum—platinum interactions that give rise to these peaks, observed at 12.47(0.03) A 1.98(0.03), Figure 9b]. The Pt

J. AM. CHEM. SOC. = VOL. 127, NO. 30, 2005 10735
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T 2 = 24
o S
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Figure 7. Pair correlation functiong(r) for (a) 1, (b) 2, (c) 3, and (d)4 in nitromethane solution, showing the experimental (red line) and calculated
supramolecular complex (green line), solvent (black line), and anion (pink line) intramolecular interactions in solution.

w

a
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=2 14 =2
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0
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31
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CRN A VANE. Y. H\W
NL 1'\; N :SJ ".- -:.. v :
Wad v A
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L
" o 1 15
5 10 /A 15 ri?k

Figure 8. Experimental (dotted line) and calculated (solid line) pair correlation functidiggr) — 1] for (a) 1, (b) 2, (c) 3, and (d)4 in nitromethane
solution. The platinumplatinum contributions are indicated by arrows. The experimental pair correlation function for the half-rectangle was determined to
arise from four overlapping peaks (panel a, inset-23 A): one corresponds to the platineplatinum interaction (red), and the other three are due to
complex-solvent interactions.

Pt—Pt angles of the rectangle were determined to be 90.9(1.0)  Likewise, the experimental [7.70(0.01) and 11.25(0.01) A]
and 89.4(1.0)in the single crystal, but they were found to be and theoretical [7.70(0.01) and 11.30(0.01) A] platinum
88.7(1.0} in nitromethane solutions of the rectangle. Taken platinum distances along the sides of the triangle, determined
together, these data suggest that the rectangle, while shapefrom the pair correlation function (Figure 8c) of a nitromethane
persistent, is not as rigid in solution as in the crystalline state. solution, are in excellent agreement. Theoretical modeling, based
Most likely, the rectangle is rather flexible in solution, and these on the single-crystal data, predicts that the nine platirum
experiments detect only an average structure. platinum diagonals will be observed as four peaks [15.40(0.01)

10736 J. AM. CHEM. SOC. = VOL. 127, NO. 30, 2005
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Figure 9. Total experimental (dotted line) and calculated (blue line) platinphatinum pair correlation functions?[g(r) — 1], for (a) 2 and (b)3 in
nitromethane solution. Comparison with individual calculated (red line) and fitted (black line) platiplatmum contributions confirms that the rectangle
and triangle are virtually the same shape and size, both in solution and in the single crystal.

Table 2. Platinum—Platinum Distances (r), Mean Square Table 3. Measured Diffusion Constants and the Calculated
Deviations (o), and Coordination Number (n) for 2 and 3 Hydrodynamic Radii for 1—42
complex r(A) o (A n diffusion constant
2 11.30(0.01) 0.49(0.01) 2.29(0.20) compound (X100 m?fs, 293 K) hydrodynamic radius (A)
12.47(0.03) 0.42(0.03) 1.98(0.03) 1 42+0.1 8.3+ 0.2
11.25(0.02) 0.52(0.01) 3.20(0.10) 2 3.0+0.1 11.5+ 0.5
3 14.97(0.03) 0.46(0.03) 2.20(0.10) 3 21+02 16.5£2.0
4 2.7+0.1 12.8+ 0.4
16.48(0.05) 0.69(0.05) 5.92(0.10) 4,4-bipyridyl 11.74 0.2 3.0+ 0.1
17.80(0.05) 0.36(0.05) 1.08(0.10) nitromethaness 19.7+0.7 1.8+£0.1

aValues for the ligand (4,4ipyridyl) and the solvent (nitromethane-

A (two diagonals), 17.10(0.01) A (four diagonals), 18.04(0.01) ds) are also given.
A (two diagonals), and 20.82(0.01) A (one diagonal)] in the
pair correlation function. However, in the experimental data Ccalculated using the EinsteirStokes equatidif are given in
recorded for the nitromethane solutions of the triangle, the three Table 3. The large values, which are in good agreement with
peaks expected at 15.40(0.01), 17.20(0.01), and 18.01(0.01) Athe published molecular dimensiot¥s?* confirm that com-
overlap, and only a single peak at 16.50(0.01) A is observed, poundsl—4 are intact supramolecular assemblies in solution.
with two shoulders at 14.97(0.01) and 17.80(0.01) A. The Compound3 was determined to have the largest radius, while
individual interactions that contribute to the platintplatinum 2 and4 were smaller and similar in size. We note that the radii
interactions in the triangle are shown in Figure 9b. An average in Table 3 are average molecular sizes which include the effect
structure is observed with peaks corresponding to the platinum Of the nearest solvation shells.
platinum diagonal interactions at 14.97(0.01)n% 2.2; 16.48-
(0.02) A,n=5.9; and 17.80(0.01) Ay = 1.1. As with2, these
data suggest tha, while shape-persistent, is not as rigid in X-ray scattering measurements are proving to be a valuable
solution as in the crystalline state. technique for determining the shape and size of large molecules

The partial correlation function fof is shown in Figure 8d. in solution. These measurements, used in conjunction with X-ray
As observed for the previous three complexes, the platinum ~ crystallographic and NMR methods, have been used to deter-
platinum distances for the edges of the molecule, 5.70(0.01) mine the solution structure of proteiffs®”586%Recently, Tiede
and 10.60(0.01) A, are the same in the single crystal and in and co-worker® were able to characterize the shape and size
solution. From the calculated scattering curve, a single peak of a cyclic hexameric porphyrin hosguest assembly using
corresponding to the diagonal platinaiplatinum distances was ~ X-ray scattering. Those authors determined that the porphyin
expected to occur at 12.20(0.01) A; however, peaks at 11.90(0.01)host assembly underwent a 0.6 A expansion upon guest
and 12.40(0.03) A are observed in the scattering curve measurednsertion.
for a nitromethane solution of tH&s, cage. The peak positions The work presented in this article demonstrates that wide-
corresponding to the interatomic platinarplatinum distances  angle X-ray scattering can be used to obtain direct structural
could be determined for this complex; however, due to its low information about self-assembled supramolecular metallacyclic
solubility, the individual platinum-platinum contributions to  species in solution. Comparison of the measured and calculated
the pair correlation function cannot be resolved, and the low-angle scattering patterns confirms that4 retain their

Conclusions

coordination number could not be determined. shape when dissolved in nitromethane solution. Platinum
_ platinum distances and coordination numbers were obtained
Solution NMR Spectroscopy from the large-angle X-ray scattering patterns. Even though these

The sizes of the molecular assemblies4 were confirmed supramolecular assemblies were found to be shape-persistent
by DOSY NMR experiment&6¢ The hydrodynamic radii

(66) Wu, D.; Chen, A.; Johnson, C. S., JrMagn. Reson. A995 115 260-

264.
(64) Morris, K. F.; Johnson, C. S., J&. Am. Chem. Sod 992 114, 3139- (67) Delpuech, J.-J., Edynamics of Solutions and Fluid Mixtures by NMR
3141. John Wiley and Sons Ltd.: New York, 1995.
(65) Johnson, C. S., JRrog. Nucl. Magn. Resorll999 34, 203-256 and (68) Petoukhov, M. V.; Eady, N. A.; Brown, K. A.; Svergun, DBiophys. J.
references therein. 2002 83, 3113-3125.
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in nitromethane solution, they are significantly less rigid in Supporting Information Available: Synthesis and analytical
solution than in the single crystal. For example, the X-ray data for all new compounds; experimental method detailing
scattering peak for diagonal platinumlatinum interactions was  programs and equations used to calculate theoretical scattering
found to be~0.15 A smaller than expected on the basis of curves; figures showing raw and corrected X-ray scattering
calculations from single-crystal X-ray data. patterns forl—4 and nitromethanéH 2D-DOSY NMR spectra

of 1—4in nitromethane. This material is available free of charge
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