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Connecting Pairs of Dimetal Units To Form Molecular Loops
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Four compounds consisting of molecular loops formed from two quadruply bonde(DWiF), (DAniF =
N,N-di-p-anisylformamidinate) units linked by two dicarboxylate anions have been prepared in high purity and
essentially quantitative yields. These compounds have been characterized by crystallography and NMR spectroscopy
and display electrochemical behavior dependent on the nature of the dicarboxylate anion. However, the electronic
communication between the two Mo units is not strong. As denoted by the dicarboxylate linkers, the compounds

are malonatel, 1,4-phenylendiacetat@, homophthalate3, andtrans-cyclopentane-1,2-dicarboxylaté,

Introduction dicarboxylate group to give compounds in which communication
between the two quadruply bonded units can be monitored

_There is now wide interest in creating molecular compounds gjecirochemically as a function of the linkeFor dimetal units
with various geometries such as triangles, squares, and other

polygons as well as polyhedra by assembling corner pieces of

L
appropriate geometry with suitable linkér&or example, to N—,MﬂL N N N“;;M\L\—L
create molecular squareis-ML , units, M= Pd, Pt and b = ( N/ ( HC\(g ( I L
two monodentate phosphines or amines or a chelating diphos- M—— N N -7M£'—L
phine or diamine, are often used as corner pieces. Four of these N L =CH;CN N
corner units can be bound together by four linkers, e.g., those I I

with two nitrogen-containing donor groups. Usually such

molecules are cationic with very high charges (e#g8), and 0,c—_Jcos v Mz/\MZ
0,c coy ~_—

most of them are electrochemically inactive.
To build similar structures while avoiding these character-

istics, our approach has been to use dinuclear corner pieces m v v
containing metatmetal bound units bridged by a variable Mo--===+=- Mo Mo-..__

number of formamidinate ligands. This not only leads to neutral T Mo FE
products, but because these, Mnits generally show rich I Mo M§
electrochemical behavidr,it allows positive charge to be Moo Mo Mo M/ Mo
introduced systematically. The electrochemical studies can also Vi Vit Mo VIIn

be used to determine the extent of communication between
dinuclear units through the linker or linkets. H, H, H, y
When the number of bridging formamidinate, AINC(H)NAr, C/C—©_C\CO' /C—Q—C
2 2 K

groups is three, two such dimetal unit} ¢an be linked by one

IXa IXb
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Table 1. Crystal and Structure Refinement Data for Compouhedd
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1-:2CH.Cl, 2:3.5CHCN 3:2CH,Cl,+0.5GH 10 4-2CH,Cl,
chemical formula GeHssClsM04NgO16 Cg7Hge.gMIO4N11 016 Cg4Hg1ClsM04NgO16 C76Hg0Cl4sM04NgO16
fw 1778.86 1932.94 1984.13 1887.04
cryst syst triclinic triclinic triclinic triclinic
space group Pl PI Pl Pl
a, 10.670(2) 16.194(3) 11.749(1) 10.182(1)
b, A 12.529(3) 17.347(3) 16.921(1) 12.959(3)
c A 15.588(6) 17.559(3) 22.710(1) 16.153(3)
o, deg 102.30(2) 98.72(1) 103.111(1) 107.54(1)
B, deg 103.43(1) 96.98(1) 95.158(1) 93.38(1)
y, deg 111.07(2) 114.92(1) 104.508(1) 99.90(1)
Vv, A3 1787.6(9) 4326(1) 4205.1(6) 1988.0(6)
Z 1 2 2 1
temp, K 213(2) 213(2) 213(2) 293(2)
A, A 0.71073 0.71073 0.71073 0.71073
Pealcas g CNT 3 1.652 1.484 1.567 1.576
w, mmt 0.907 0.638 0.780 0.821
R12wWR2 [I > 20(1)] 0.071, 0.148 0.070, 0.152 0.046, 0.112 0.085, 0.234
R1, wR2 0.086, 0.164 0.095, 0.169 0.070, 0.129 0.101, 0.253

AR1 = [YW(Fo — F) YW 2 PWR2 = [Y[W(Fo? — F2)Z/YW(FAAY2 w = 1/[0¥(F?) + (aP)? + bP], whereP = [max(F.20) + 2(F:2)]/3.

employment of bent dicarboxylate linkelg , wherebyloops C, 53.70 (54.22); H, 4.28 (4.29); N, 6.26 (6.281L NMR o (ppm, in
(V) are produced. We report here the first family of four neutral CD:Clz): 8.49 (s, 4H~NCHN~), 7.30 (s, 8H;~CH,CeH4CH,—), 6.60
dimolybdenum loops composed of twas-Mo2(DAnIF)2* (dd, 32H, aromatic), 4.21 (s, 8H;CH.CsH4CH>—), 3.69 (s, 24H,
units, DAniF = N,N-di-p-anisylformamidinate, linked by two _OC_H3)- _ _
dicarboxylate dianions; only one other structure of a compound l[C'S"_\t"obzl(DfA””Q2]2(0'02C|C§H4CH2C02)2 (3%- Yg_lllrow_smgl;(e lcrys'
o H H H H H als sultable Tor X-ray analysis were grown Dy diffusionjexylene
e e " 103 1) Sl Co () 0 o ok

C, 53.19 (53.57); H, 4.12 (4.15); N, 6.36 (6.3 NMR 6 (ppm, in
[17,1-02C(CHo)2CO-11,7?] 2(MECN)1 2} (BF4)4.” CD.Cly): 8.52 (s, 2H,—~NCHN-), 8.50 (d, 2H,—CeHsCH,~), 8.35
Experimental Section

(s, 2H, =NCHN-), 7.44 (m, 6H, —C¢H,CH,—), 6.65 (m, 32H,
aromatic), 3.70 (s, 4H;-CsHsCH,—), 3.69 (s, 24H,—OCHs3).

General. All the syntheses were performed under a dry nitrogen [cisM02(DANIF) 2]2(0,CCsHsCO2), (4). Yellow single crystals
atmosphere using standard Schlenk techniques. Solvents were driedsuitable for X-ray analysis were grown by diffusion of hexanes into a
and then distilled under nitrogen following conventional methods. CH:Cl, solution. Anal. Calcd (found) fo#, C7sH7éM04NgOs6: C, 51.76
Chemicals were purchased from Aldrich and used as received. The(51.39); H, 4.46 (4.45); N, 6.53 (6.49H NMR 6 (ppm, in CQ:Cly):
tetrabutylammonium salts of the dicarboxylic acids were prepared by 8.44 (s, 2H,—NCHN—-), 8.43 (s, 2H,—NCHN-), 6.10 (m, 32H,
neutralizing the corresponding acid with 1.0 M "gMOH in MeOH aromatic), 3.80 (br, 4H;-CsHg—), 3.71 (s, 6H,—~OCHg), 3.70 (s, 6H,
solution, followed by vacuum-drying at 4®0 °C for 24 h. The —OCHs), 3.69 (s, 6H,—OCHj3), 3.68 (s, 6H,—OCHg), 2.41 (br, 4H,
compound §is-Moy(DANIF),(CHsCN),J(BF.), was prepared by fol- —CsHg—), 1.95 (br, 8H,—CsHg—).
lowing published procedurésElemental analyses were performed by Crystallographic Procedures.Single-crystal X-ray work on com-
Canadian Microanalytical Service, Delta, British Columbia; the results poundsi, 2, and4 was performed on a Nonius FAST diffractometer
were satisfactory. The cyclic voltammograms were recorded on a BAS utilizing the program MADNES.In each case a suitable crystal was
100 electrochemical analyzer in 0.10 M BNPF; solution (CHCIy), mounted on the tip of a quartz fiber with a small amount of silicone
with Pt working and auxiliary electrodes, a Ag/AgCl reference electrode, grease or epoxy and transferred to a goniometer head. Cell parameters
and scan rates of 100 mV’s All the potential values are referenced  were obtained from an autoindexing routine and were refined with 250
to the Ag/AgCl electrode, and under the present experimental condi- reflections withn a 2 A range of 18.+41.6. Cell dimensions and
tions, theEy(Fc'/Fc) was consistently measured to be 440 mV. Laue symmetry for all crystals were confirmed with axial photographs.

Preparation of Complexes. €issMo2(DANIF) ;] ,(O,CCH2CO,), (1). All data were corrected for Lorentz and polarization effects. Data were
To a stirred solution ofdis-Moz(DANIF)2(CH3CN)4](BF4)2 (104 mg, processed using an ellipsoid-mask algorithm (program PRCQOR
0.100 mmol) in 20 mL of CHCN was added (BUN),(O,CCH,CO;) and the program SORTAY was used to correct for absorption.

(65.0 mg, 0.110 mmol) in 10 mL of GJEN. An immediate reaction The data for3 were collected on a Bruker SMART 2000 CCD
took place with formation of a bright-yellow precipitate, which was  detector system. Cell parameters were measured using the SMART
collected by filtration, washed several times with £, and dried software. Data were corrected for Lorentz and polarization effects using
under vacuum. The crude product was extracted with@H3 x 4 the program SAINTS Absorption corrections were applied using
mL). Hexanes were then carefully layered on the top of the solution to SADABS 14 All other data collection procedures were similar to those
afford a yellow crystalline material after several days. Anal. Calcd ysed on the FAST diffractometer (vide supra).

(found) for 1, CesHssM04NgO16: C, 49.26 (48.82); H, 4.01 (3.99); N,
6.97 (6.94).*H NMR 6 (ppm, in CD.Cl,): 8.57 (s, 4H,—~NCHN-),
6.60 (dd, 32H, aromatic), 4.53 (s, 4HO,CCH,CO,—), 3.69 (s, 24H,
—OCH3). A similar method was used for compouriis4. Yields were
essentially quantitative. appears in the following. Messerschmitt, A.; Pflugrath,JJAppl.

[cis-M0(DANIF) 2] 2(02CCH,CeH4CHLCO,), (2). Yellow single Crystallogr. 1987, 20, 306.
crystals suitable for X-ray analysis were grown by diffusion of hexanes (10) (&) Kabsch, WJ. Appl. Crystallogr.1988 21, 67. (b) Kabsch, WJ.

into a CHCI, solution. Anal. Calcd (found) fo, CagH7eM04NgO1s: 1) g?gsl'si%gysgeélIﬂ%&%:%%yzs%éﬁc}gﬂlggs A1, 33.

(12) SMART Software for the CCD Detector Systewersion 5.5; Bruker
(7) Whelan, E.; Deveraux, M.; McCann, M.; McKee, @hem. Commun. Analytical Instruments Division: Madison, WI, 1998.

1997 427. (13) SAINT, Software for the CCD Detector Systewrrsion 5.06; Bruker
(8) Chisholm, M. H.; Cotton, F. A.; Daniels, L. M.; Folting, K.; Huffman, Analytical Instruments Division: Madison, WI, 1997.

J.; lyer, S.; Lin, C.; Macintosh, A. M.; Murillo, C. AJ. Chem. Soc., (14) SADABS. Program for absorption correction using the Bruker CCD

Dalton Trans.1999 1387. based on the Blessing’s method (see ref 9).

(9) Pflugrath, J.; Messerschmitt, A. MADNES, Munich Area Detector
(New EEC) System, version EEC 11/1/89, with enhancements by
Nonius Corporation, Delft, The Netherlands. A description of MADNES
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Table 2. Selected Bond Distances (A) for Compourids4

Compoundl
Mo(1)—Mo(2) 2.088(1) Mo(2)-N(4) 2.098(8)
Mo(1)—N(1) 2.117(8) Mo(2)-N(2) 2.100(8)
Mo(1)—N(3) 2.124(7) Mo(2)-O(6) 2.130(6)
Mo(1)—0O(7) 2.131(6) Mo(2)-0(8) 2.144(6)
Mo(1)—0O(5) 2.136(6)

Compound?
Mo(1)—Mo(2) 2.086(1) Mo(3)-Mo(4) 2.094(1)
Mo(1)—0(9) 2.121(6) Mo(3)-N(7) 2.107(7)
Mo(1)—N(1) 2.124(7) Mo(3)-N(5) 2.111(7)
Mo(1)—0(13) 2.131(6) Mo(3)0(11) 2.119(6)
Mo(1)—N(3) 2.135(7) Mo(3)-0(15) 2.128(6)
Mo(2)—N(2) 2.125(7) Mo(4)-N(8) 2.112(7)
Mo(2)—0(14) 2.139(5) Mo(4)N(6) 2.127(7)
Mo(2)—0(10) 2.143(6) Mo(4)0(12) 2.138(6)
Mo(2)—N(4) 2.152(7) Mo(4}-0(16) 2.173(6)

Compound3
Mo(1)—Mo(2) 2.0879(5) Mo(3)-Mo(4) 2.0922(4)
Mo(1)—N(1) 2.118(3) Mo(3)-0(205)  2.102(2)
Mo(1)—N(3) 2.129(3) Mo(3)-N(5) 2.103(3)
Mo(1)-0(201)  2.133(3) Mo(3y0(207)  2.123(3)
Mo(1)-0(203)  2.136(2) Mo(3)N(7) 2.126(3)
Mo(2)—N(4) 2.115(3) Mo(4)-N(8) 2.108(3)
Mo(2)—0(204)  2.131(2) Mo(4)N(6) 2.134(3)
Mo(2)—N(2) 2.138(3) Mo(4)-0(208) 2.138(3)
Mo(2)—0(202) 2.148(2) Mo(4)0(206) 2.161(2)

Compound4
Mo(1)—Mo(2) 2.088(1) Mo(2)-N(4) 2.107(9)
Mo(1)—N(1) 2.115(9) Mo(2)-N(2) 2.11(1)
Mo(1)—N(3) 2.143(9) Mo(2)-0(12) 2.153(7)
Mo(1)—0(11) 2.140(8) Mo(2)0(14) 2.134(7)
Mo(1)—0(13) 2.155(7)

In all structures, the positions of some or all of the non-hydrogen
atoms were found via direct methods by way of the program package
SHELXTL.YS For all structures, subsequent cycles of least-squares
refinement followed by difference Fourier syntheses revealed the
positions of the remaining non-hydrogen atoms. All hydrogen atoms
were used in calculated positions. Other details of data collection and
refinement for all complexes are given in Table 1. Selected atomic
distances are provided in Table 2. Other crystallographic data are
available as Supporting Information.

Results and Discussion

SynthesesComplexesl—4 were prepared by treatingif-
Moz(DAnNIiF),(CH3CN)4(BF4), with the corresponding dicar-
boxylate salt according to the reaction

2[cis-Mo,(DAniF),(CH,CN),I(BF,), +
CH,CN
2(NBU"),(0,C-O-CO,) ——

[cis-Mo,(DANIF),],[0,C—O—C0,], + 4(NBU')(BF,) (1)

Here [C—O—-CO,)? represents the dianion of malonic acid
(methanedicarboxylic acid, GKCOH),), 1,4-phenylenediacetic
acid (GH4(CH,CO.H),), homophthalic acidd(-carboxye-toluic
acid,0-HO,CCH,CsH4CO,H), or trans-cyclopentane-1,2-dicar-
boxylic acid (HQCGCsHgCO,H). These anions give rise to
compoundsl, 2, 3, and 4, respectively. The procedures
employed in this study are similar to those in the preparation
of an [Moy]3 triangle® [Mo,]4 squares,and a [Ma]es cagel® It

is noteworthy that while yields df—4 are essentially quantita-
tive, all attempts to isolate crystals from a reaction with the
dianion of maleic aciddis-1,2-ethylenedicarboxylic acid) have
failed.

(15) SHELXTL, version 5.03; Siemens Industrial Automation, Inc.: Madi-
son, WI.

(16) Cotton, F. A.; Daniels, L. M.; Lin, C.; Murillo, C. AChem. Commun.
1999 841.

Cotton et al.

Figure 1. Molecular structure of the malonate loapgMox(DANIF),] -
(O,CCH,CQO,); in 1-2CH,CI, with displacement ellipsoids drawn at
the 40% probability level. All hydrogen atoms have been omitted for
clarity.

cloe)

Figure 2. Molecular core structure of the phenylendicarboxylate loop
[cis-Mo(DANIF)5](0:CCHCsH4CH2COy), in 2:3.5CHCN with dis-
placement ellipsoids drawn at the 40% probability level.

Figure 3. Molecular core structure of the homophthalate loo-[
MOz(DAniF)z]g(O-OzCCeH4CH2COz)2 in 3‘2CHQC|2‘0.5C3H10 with dis-
placement ellipsoids drawn at the 40% probability level.

Structural Results. The X-ray structures of compounds-4
are depicted in Figures-#4, respectively. The four compounds
crystallize in the triclinic space groupl, with Z = 1 for
compoundsl and 4 and Z = 2 for 2 and 3. About each
dimolybdenum unit there is an eclipsed paddlewheel conforma-
tion consisting of two cis formamidinate paddles and two
carboxylate groups. The entire assembly can be described as a
molecular loop. There is a crystallographic inversion center in
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Figure 4. Molecular core structure of the pentanedicarboxylate loop
[cis-Mo2(DANIF);]2(0,CCsHCOy), in 4-2CH,Cl, with displacement
ellipsoids drawn at the 40% probability level.

Figure 6. Simplified diagram of3 showing the channel created by
the stacking of molecules in the crystal. Tixanisyl groups attached

to each nitrogen atom, the hydrogen atoms, and the interstitial solvent
molecules have been omitted for clarity.

Figure 5. Simplified diagram ofl showing the channel created by
the stacking of molecules in the crystal. Tiranisyl groups attached

to each nitrogen atom, the hydrogen atoms, and the interstitial solvent
molecules have been omitted for clarity.

1 and4, while there is an idealized mirror plane defined by all
four Mo atoms in compound&and3. The crystallographically
independent Me-Mo distances are 2.088(1) A fdr 2.086(1),
2.094(1) A for2, 2.0879(5), 2.0922(4) A faB, and 2.088(1) A

for 4; these are typical quadruply bonded Miistances. Other
bond distances and bond angles for all compounds are similar
to those found in other dimolybdenum paddlewheel complexes
and require no further comment. However, it is relevant to
discuss the differences in how the vectors along the-Mo
bond are oriented. Fdt and4 the two vectors along the two  Figure 7. Simplified diagram of4 showing the channel created by
cimetal unts are essentill paral, ut ey adopt the {1540 o Tl e ey, oo stachel
rectangular structur®l, while for 4 a rhomboid,VIl , forms. L - ’

Thus, the idealized symmetry @Gfis Dyq, while it is Cs for 4. molecules have been omitted for clarity.

For2 and3, the two vectors converge asMll with angles of 4 of each other, creating a channel, as shown in Figures 5, 6,

103 and 64 for 2 and 3, respectively. and 7, respectively. Similar packing patterns were also found
For Compound]., where the linker is the malonate dianion, in some [MQ]41 [Rh2]4 squares, and the [Bh tr‘iang]e_5

the _formation of a loop is prac_ticall_y unavoida_ble in view of  Compound2 adopts a different packing pattern in which
the inherently bent nature of this anion. There is no reasonablealternating layers of loops are offset, as shown in Figure 8.

conformation that can cause the carboxyl groups to be oppositelyTherefore, channels are not formed.
directed, as would be required to form a square. However, for  Splution Behavior. H NMR spectra show that all com-
the l,4-phenylenediacetic acid, the bent conformation is not apounds are prepared in h|gh purity, but there are interesting
requirement, as shown IX. The conformatioXb could have  differences that can be associated with the corresponding
been employed to form a molecular square. Whether or not thestructures. Forl there is only one type of DAnIF ligand as
latter can also be made is still uncertain. So far we have not indicated by the unique methine and methoxy Signajs_ Likewise’
been able to observe it. the unique methylene signal indicates that all linkers are
The crystal packing patterns of these compounds are alsoequivalent in solution. These observations are consistent with
interesting. In1, 3, and4, molecular loops stack directly on  the symmetrical solid-state structure.
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Figure 8. Simplified packing diagram o2. Note how the loops are offset, preventing the formation of channelsp¥msyl groups attached to
each nitrogen atom, the hydrogen atoms, and the interstitial solvent molecules have been omitted for clarity.

Table 3. Comproportionation Constants Derived from Compound
Electrochemical Dafafor Compoundsl—3° (%
Compd. o AE; ¢ K.
1 —5—~ 405 —%—= 477 109 70 !
2 2 27 91 35 DPV

3 —£- 169 —£~ 293 179  {.ixlI0°

aThe electrochemical data were recorded on a BAS 100 electro-
chemical analyzer in 0.10 M BiNPF; solution (CHCI;) with Pt
working and auxiliary electrodes and a Ag/AgCl reference electrode.
Scan rate was 100 mV sfor CV and 4 mV st for DPV. All potential
values are referenced to the Ag/AgCl, and under the present experi-

mental conditions, thé&;,(Fct/Fc) was consistently measured to be
440 mV.> A comproportionation constant cannot be calculated4for 2
because of the irreversibility of its oxidation waveAE;, was DPV
calculated by the Richardson and Taube method by measuring the DPV
\—\/\K

Ccv

peaks at half-height (see ref 18)The comproportionation constants,
K., were calculated from the formuks. = exp(AE1/2)/25.69), as in ref
17.
cv
For 2, the NMR data also show that the methine protons are
also equivalent. This is not what would be expected if the solid- 3
state structure remained unchanged. Because of the orientation
of the aromatic rings in the linker with respect to the carboxyl
groups, one would expect two sets of methine signals. However,
similar linkers are known to be flexible. For example, in L T I EB SR
compounds [(en)Pe(PyCHXCH.PY), (en= ethylenediamine, 0.9 0.5 0.0 -02
X = none or—CgsF4—), the orientation of the linkers in solution Figure 9. Cyclic voltammograms (CV) and differential pulse volta-
are also symmetrical as indicated by their NMR spectra. mmograms (DPV) of compounds-3.

For both3 and4 there is a pair of singlets at 8.52 and 8.35, Electrochemistry. Compoundsl—4 have been examined
and 8.44 and 8.43 ppm, respectively. Each singlet correspondscarefully by both cyclic voltammetry and differential pulse
to two methine hydrogen atoms. This indicates that the less voltammetry; the results are listed in Table 3 and displayed in
symmetrical solid-state structure persists in solution. Evidently Figure 9. Clearly, the electrochemical behavior of this family
these dicarboxylate linkers are less flexible. Interestingly, all of neutral compounds is rich, which is in contrast to the report
CHs; hydrogen atoms of the-anisyl groups give one degenerate that the ionic compound Mo4[#2,u-O,C(CH,)2COtt,7?] 2
signal for 3, but there are four very closely spaced signals of (MeCN)2} (BF4)4 is not electroactivé.It is not obvious why
equal intensity fod. there is such a marked difference.

DPV
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In 1, there are two partly resolved one-electron oxidation
peaks separated by about 72 mV. In compo@néhstead of

Inorganic Chemistry, Vol. 40, No. 3, 200477

respectively. Clearly it is the electronic nature of the connecting
groups that controls the extent of communication, but in ways

separate peaks there is only one at a potential of 327 mV. that are not evident at present.

However, in compoun@, there are again two peaks separated

by 124 mV. However, in compound, there is only one
irreversible peak aEp, of 505 mV. The data fod—3 can be

The irreversibility of the electrochemical oxidation df
indicates that upon oxidation there is a major change in the
structure. This is quite rare for compounds of the typgs [

interpreted using the method of Richardson and Taube, which Moy(DANIF),(0,C—X—CO,)],. So far only a molecular triandle

correlates theAE;, with the width at half-height of the
differential pulse voltammogram (DPV) peaks. In this way the
values of 109, 91, and 179 mV are obtained for A&, of 1,

2, and3, respectively. From thes&E;/, values the equilibrium
constants for comproportionation,

[M0,](0,CXCO,) [Mo,] + [Mo,J(0,CXCO,),[Mo,"] =
2{[M0,](0,CXCO,),[Mo ]} " (2)

can be calculated by using the equatiQr= exp(AE1/2/25.69).

wheren = 3 and the linker is thérans-cyclohexanedicarboxy-
late dianion show a similar behavior. A comparisorB@nd4
shows that while the two compounds are structurally similar,
the electrochemical behavior is quite different.4ithe linker
has a nonaromatic five-membered ring, while3ithere is an
aromatic six-membered ring. It is likely that this plays an
important role in the stabilization of the oxidized species.
Another interesting but puzzling comparison can be made
between compound and the previously reported (DANi§)
Mo0,0,CCH,CO,M0,(DANIF)3.* The comproportionation con-
stants are 70 and 67 f@rand the latter compound, respectively;

All these results are summarized in Table 3. It is evident that these values are equal within experimental error. One might

while the M@ units are coupled by the bridging dicarboxylate

have expected to display significantly greater coupling for

ion, the coupling is not very strong. However, if there were no two reasons. (1) Id there are two malonate connectors rather
coupling at all, the comproportionation constant would have than one, and (2) the distance between the Benters is 1.4

the statistical value of 4.

A shorter in compoundL than it is in the singly bridged

In attempting to understand the variation in the coupling from compound. It is surprising, to say the least, that neither of these
one compound to another, one might first ask whether it is a factors appears to matter.

simple function of distance between the Mmits. Qualitatively,
such a relationship does exist: T3, values decrease in
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the order3> 1 > 2, and the distances 6.272, 6.512, and 9.624 ) ) ) o
A increase in the same order, but no quantitative correlation is ~ Supporting Information Available: An X-ray crystallographic file,
evident. If we look instead at the number of carbon atoms in CIF format. This material is available free of charge via the Internet
between the carboxyl groups, there is no correlation because™ http://pubs. acs.org.

these go in the order 3, 1, 6 for compoun8sl, and 2, IC0010151





