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Sixteen crystal structures have been determined for th@@a)Cl, (1) molecule in the following five crystalline
solvates: 1:0.85(GHs)20-0.15CHCI; (at 120, 213, 296 K)1-C4HgO (at 120, 295 K)1-CeHs (at 170, 213, 260,
316 K); 1-C¢H1z (at 120, 213, 295 K); and-1.75GHg-0.5GH14 (at 90, 110, 170, 298 K). Fol-0.85-
(CzHs)20-0.15CHCI, the molecule ofl is almost symmetrical at 120 K (GaCo distances of 2.3191(3) and
2.3304(3) A) and remains so at 296 K (2.2320(3) and 2.3667(4) A).1FoHgO the Ca chain is precisely
symmetric at both 120 and 295 K though the-@2o distances increase from 2.3111(4) to 2.3484(4) A as the
temperature rises. CompouridCgHg is isomorphous withl-C4HgO at 213 and 295 K and has rigorously
symmetrical molecules at these two temperatures. Between 213 and 120 K the space group chari@esnfrom
to P2i/c, so that a symmetrical arrangement is no longer required and the twd&€alistances then differ
slightly (by 0.013 A). Forl-CgHs there is a phase change between 316°KaR;) and 260 K Pna2y). At all four
temperatures, however, the molecule is almost symmetrical, with the two independe@bClistances never
differing by more than 0.026 Al-1.75GHg-0.5GH14 contains, at all temperatures between 90 and 298 K, two
crystallographically independent molecules, each of which is distinctly unsymmetrical at 298+C(Cdistances
of 2.312(2) and 2.442(2) A for one and 2.310(2) and 2.471(2) for the other). In the first of these the distances
converge to a much smaller separation (0.056 A) at 90 K while in the second the difference decreases to only
0.006 A at 90 K. Magnetic susceptibility measurements from 1.8 to 350 K indicate in each case that a gradual
spin crossover, from a doublet to a quartet state, occurs over this temperature range.
0.0
N N7 N/ 4
and for several of these metals, compounds containing axial €l _‘5_6 b—CI
ligands other than Cl have also been describdthe most

fascinating of these compounds are those containing the s-Cos(dpa),Cl, u-Coy(dpa),Cl,
Coz(dpa)Cl, molecule,1.

This molecule displays the extraordinary property (shared to
a lesser extent by its chromium analog)ugf being able to exist
with either a symmetricalsf) Coz chain or an unsymmetrical

Introduction Chart 1

The first Mg(dpayX, molecule (dpa is the anion of di(2- y

pyridyl)amine) to be structurally characterized, about a decade (ﬁ\ ﬂ

ago, was Nj(dpa)Cl,.! Subsequently, analogous compounds N NN/ 4
C

containing C%, Co? Rh Ru/* and CP have also been reported, | a

(u-) one, depending only on the crystal form in which it is
found37” These two forms of the molecule are illustrated in Chart
1. For example, irs-1-CH,Cl, (orthorhombic) the Cgchain is
symmetrical, with both CeCo distances equal to 2.3369(4)

*To whom correspondence should be addressed. E-mail: cotton@

tamu.edu; murillo@tamu.edu. A, whereas inu-1:-2CH,Cl, (tetragonal) the Gochain is very
laexas A&Mf%]iversgy' unsymmetrical, with Ce-Co distances of 2.299(1) A and 2.471-
niversity of Costa Rica. (1) A at 298 K. In the latter, at lower temperatures these two
() 335,"’““""’ S.i Hathaway, B. J. Chem. Soc., Dalton Trans991, distances converge to become 2.3035(7) and 2.3847(8) A at 20

(2) (a) Pyrka, G. J.; El-Mekki, M.; Pinkerton, A. A. Chem. Soc., Chem.  K.” Both of these solvates are formed simultaneously from a

Commun 1997, 84. (b) Wu, L.-P.; Field, P.; Morrissey, T.; Murphy,  CH,CI, solution at room temperature.
C.; Nagle, P.; Hathaway, B. J.; Simmons, C.; Thornton].R-Chem.

Soc., Dalton Trans1991 993. Though symmetrical and unsymmetrical moleculed afe
(3) (@) Yang, E.-C.; Cheng, M.-C.; Tsai, M.-S.; Peng, S..MChem. clearly distinguishable in the solid state, solutions made from
Soc., Chem. Commuh994 2377. (b) Cotton, F. A.; Daniels, L. M.; eithers-1-CH,Cl, or u-1-2CH,Cl, are identical and appear to

Jordan, G. T., IV.Chem. Commun1997, 421. (c) Cotton, F. A.;
Daniels, L. M.; Jordan, G. T., IV; Murillo, C. AJ. Am. Chem. Soc

1997 119 10377. (d) Cotton, F. A.; Murillo, C. A.; Wang, X. Chem. (6) See, for example, the following paper in this issue’r&teR.; Cotton,

Soc., Dalton Trans1999 3327. F. A; Jeffery, S. P.; Murillo, C. A.; Wang, Xlnorg. Chem 2001,
(4) Sheu, J.-T.; Lin, C.-C.; Chao, I|.; Wang, C.-C.; Peng, S.@Mem. 40, 1254.
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Table 1. Crystal Data and Structure Refinement for Table 2. Selected Bond Distances (A) and Angles (deg) for
Cos(dpa)Cl»0.85(GHs),0:0.15CHCI, (1+0.85(GHs),0-0.15CHCl,) 1+0.85(GHs);0-0.15CHCl,
formula Gz 5840 N1200.8:C0sCl2 3 120K 213K 296 K
f}"’K 190 211g°4'21 296 Co(1)-Co(2) 23191(3)  23193(3)  2.3230(3)
' sy oy oy Co(2)-Co(3) 2.3304(3) 2.3352(3) 2.3667(4)
space group 151800 AL e 2872 . 11509573 g Co(1)-CI(1) 2.4430(4) 2.4559(5) 2.4463(6)
as 180 48 128 4558 12957 4583 Co(3)-CI(2) 2.4804(4)  2.4893(5)  2.4558(6)
cA 16.929(1) 16.9897(7)  17.0569(9) Co(1)-N(2) 1.9763(14)  1.9795(15)  1.988(2)
a, deg 90 % 00 Co(1)-N(4) 1.9933(14)  1.9961(14)  1.999(2)
' Co(1)-N(7) 1.9676(14)  1.9698(15)  1.977(2)
/;' ggg ooy - ga7as(l) - 98.303(1) Co(1)-N(10) 1.9738(14)  1.9761(15)  1.984(2)
' Co(2-N(2) 1.9097(14)  1.9132(14)  1.912(2)
v A qls2()  42008@3) - 4260.1(4) Co(2)-N(5) 1.8996(13)  1.9029(14)  1.906(2)
Co(2)-N(8) 1.9020(14)  1.9070(14)  1.911(2)
d°?'|\°;|i 9K°’7)r3mm_1 o i'ggg }'ggg Co(2)-N(11) 1.9051(13)  1.9062(14)  1.910(2)
/;e' o ka), : : ' Co(3)-N(3) 1.9825(14)  1.9921(15)  2.022(2)
indices | > 20(l)], 0.027,0.065 0.027,0.065 0.030, 0.070 Co(3)-N(6) 1.9787(14) 1.986(2) 2.020(2)
R12wR2 ' ' '
Rindices (all data), 0.032,0.068 0.037,0.070 0.041, 0.079 888)):“8)2) Jigggg((ii)) jl'ggig((:]l'g)) gggjz-(é))
R12wR2 ' ' '
) " Co(1)-Co(2-Co(3) 177.630(13) 178.037(13) 178.39(2)
AR1= 3 IFo| — [Fell/XIFol. "WR2=[F[W(Fe? — FAF/ T [W(FHT] Co(2-Co(1)-Cl(1)  177.176(15) 177.41(2) 177.79(2)
Co(2)-Co(3)-CI(2)  178.525(15) 178.64(2) 178.85(2)
contain only symmetrical moleculésThus the pair o6-1 and N(1)—Co(1)>-N(4) 89.88(5) 89.82(6) 89.88(7)
u-1 molecules fall into the category of “bond-stretch isomers”, N(1)—Co(1)-N(7) 170.76(6) 170.60(6) 170.11(7)
according to the empirical definition employed by Hoffmann H(i):go(i)_“(%o) gé-gg(g) 33-33(2) gé-%g(;)
and Parkirf:10 This definition states that bond-stretch isomers Ng 4;_0851)):,\'%1%) 171 0(2()6) 171 0(7()6) 170 7(5()7)
are “molecules that differ only in the length of one or more  N(7)-Co(1)-N(10)  87.49(6) 87.62(6) 87.71(7)
bonds”. N(2)—Co(2)-N(5) 89.44(6) 89.44(6) 89.55(7)
It is, of course, generally recognized that slightly different  N(2)—Co(2)-N(8) 179.63(6) 179.51(6) 179.48(7)
bond lengths (ca. 0.01 A) may be found for the same molecule N(2)—Co(2)-N(11)  89.55(6) 89.70(6) 89.76(7)
in different polymorphic crystal forms or even in the two (or Hg:ggg)):“g)l) 91358%6()6) 22'922;(36()6) 91(;';12(27()7)
more) molecules that, on rare occasions, are not crystallographi- (g)—co(2)-N(11) ~ 90.51(6) 90.58(6) 90.58(7)
cally equivalent in the same crystal form. Such slight changes, N(3)-Co(3)-N(6) 87.95(6) 87.84(6) 87.45(7)
which result from differing packing forces, are not to be regarded N(3)—Co(3)~N(9) 171.40(6) 171.06(6) 169.06(7)
as constituting “bond-stretch isomerism”. It could also be argued N(3)-Co(3)-N(12)  92.24(6) 92.29(6) 92.42(7)
that if “bond-stretch isomerism” does not persist in solution, it H(g):gg(?ﬁ(?)z ?3'07 2(26)6 ﬁ%g?é(f% i%g%g)7
is not genuine. If the latter be true, then there are no known N§9§—Co§3)):NE123 88.7'1(6()) 88.?7(63()) 88.6'6(7())
examples of this phenomenon. N(1)-Co(1}-CI(1)  94.64(4) 94.70(4) 94.88(5)
It is not our contention that theandu forms of Ca(dpa)- N(4)—Co(1)-CI(1) 92.67(4) 92.75(4) 93.05(5)
Cl, (or Crs(dpa)Cly) are necessarily entitled to be described as  N(7)—Co(1)-CI(1) 94.60(4) 94.69(4) 95.02(5)
“bond-stretch isomers”. Nevertheless, whatever they may, or H%O)_CCO?(,DE(I:IZ(D gg-gg(i) gg-gé(j) gg-gg(g)
may not, be called, their behavior is a fascinating and unique NEGg:C%S)):CIgzg 95'55% 95'73€4g 96'888
phenomenon and we are engaged in an effort to determine what N(9)—co(3)-CI(2) ~ 94.51(4) 94.63(4) 95.63(5)
underlies it. The work reported here is an attempt to explore N(12)-Co(3)-CI(2)  93.79(4) 94.00(4) 95.01(5)

the structural and magnetic behavior of a greater range of data were corrected for the sample holder and for the diamagnetic
solvated crystals of Gedpa)Cly, including the temperature contribution calculated from Pascal’s constafts.

dependences of both structures and magnetism. Preparation of 1+0.85(GHs);0-0.15CHCl,. Ether (30 mL) was
- . layered onto a solution df (0.094 g, 0.10 mmol) in CkCl, (15 mL).
Experimental Section Crystals 0f1-0.85(GHs),0-0.15CHCI, grew over a period of 2 weeks.
Materials. Manipulations were performed under an atmosphere of Yield: 0.079 g, 84%. IR (cmt): 1604 (s), 1593 (s), 1547 (w), 1470
argon using standard Schlenk techniques. Solvents were purified by(s), 1458 (s), 1425 (s), 1367 (s), 1314 (m), 1280 (m), 1263 (w), 1155
conventional methods and were freshly distilled under nitrogen prior (m), 1105 (m), 1042 (w), 1021 (m), 932 (w), 885 (w), 844 (vw), 805
to use. Anhydrous cobalt dichloride was purchased from Strem Chem- (vw), 782 (sh), 764 (s), 740 (m), 648 (vw), 638 (vw), 542 (w), 522
icals, Inc.; 2,2dipyridylamine was purchased from Aldrich and sub-  (w), 462 (w), 426 (w).
limed prior to use. The compound §dpa)Cl, was made according Preparation of 1-C4HsO. Hexanes (30 mL) were layered onto a
to a previously published procedtite. solution of 1 (0.047 g, 0.050 mmol) in &0 (20 mL). Crystals of
Physical Measurements.IR spectra were recorded on a Perkin- 1-C4HsO were obtained in about 10 days. Yield: 0.048 g, 95%. IR
Elmer 16PC FT-IR spectrometer using KBr pellets. The magnetic (cm): 1605 (s), 1593 (s), 1547 (w), 1470 (s), 1456 (s), 1428 (s), 1371
susceptibility data were collected on a Quantum Design, model MPMS, (s), 1313 (m), 1284 (m), 1252 (vw), 1242 (vw), 1154 (m), 1148 (sh),
SQUID housed in the Department of Chemistry at Texas A&M 1120 (vw), 1065 (vw), 1055 (vw), 1021 (m), 1009 (sh), 980 (w), 912
University; data were collected from 1.8 to 350 K at a field of 1000 G (vw), 884(w), 760 (s), 738 (m), 648 (vw), 638 (vw), 541 (w), 518 (w),

on finely divided polycrystalline samples (39.20 mg f&0.85- 463 (w), 427 (w).

(C2H5)20:0.15CHCl,, 58.05 mg forl:CeHiz, 22.29 mg forl-C4HsO, Preparation of 1:C¢H12. Cyclohexane (25 mL) was layered onto a
17.74 mg forl-CeHe, and 71.08 mg forl-1.75GHs0.5GH14). The solution of 1 (0.046 g, 0.050 mmol) in toluene (25 mL). Crystals of
(8) Cotton, F. A.; Murillo, C. A.; Wang, Xlnorg. Chem1999 38, 6294. (10) Jean, Y.; Lledos, A.; Burdett, J. K.; Hoffmann, R.Am. Chem. Soc

(9) (a) Parkin, G.; Hoffmann, RAngew. Chem., Int. Ed. Endl994 33, 1988 110, 4506.
1462. (b) Parkin, GChem. Re. 1993 93, 887. (c) Parkin, GAcc. (11) Boudreaux, E. A., Mulay, L. N., EdS'heory and Applications of

Chem. Res1992 25, 455. Molecular ParamagnetismJohn Wiley & Sons: New York, 1976.
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Figure 1. Perspective view 0f-0.85(GHs),0-0.15CHCI, at 120 K. Atoms are drawn at the 40% probability level, and hydrogen atoms are
omitted for clarity.

Table 3. Crystal Data and Structure Refinement for Table 4. Selected Bond Distances (A) and Angles (deg) for
Cox(dpa)ClCsHsO (1-C4HgO) 1-C4HsO
formula CisH40N120CosCl 120K 295K
A I Co(1)-Co(2) 2.3111(4) 2.3484(4)
Shace drou een oo Co(1)-CI(1) 2.4402(7) 2.4234(8)
ap group 12.7212(8) 12.8698(6) Co(1)-N(1) 1.983(2) 2.019(2)
b A 141167(9) 14.1466(6) Co(1)-N(3A) 1.985(2) 2.026(2)
¢ A 234080) 2381201 Co)N(6M) Lo76(2 200802
' X : ) ) )
g’ geeg 38 38 Co(2)-N(2) 1.898(2) 1.908(2)
9 deg % % Co(2)-N(5) 1.898(2) 1.906(2)
Vv, A3 4219.7(5) 4335.3(3) Co(1A)—Co(2)-Co(1) 177.75(3) 177.48(3)
z 4 4 Co(2)-Co(1)-CI(1) 179.20(2) 179.38(2)
deaica g CNT3 1.575 1.533 N(1)—Co(1)-N(3A) 86.82(9) 86.24(8)
u(Mo Ka), mmr? 1.345 1.309 N(4)—Co(1)-N(1) 90.89(9) 90.81(9)
Rindices | > 20(1)], R12 wR2 0.038, 0.098 0.038, 0.097 N(6A)—Co(1)-N(1) 170.72(9) 168.39(9)
Rindices (all data), RwR2 0.060, 0.106 0.062,0.110 N(4)—Co(1)-N(3A) 169.23(9) 166.72(9)
N(6A)—Co(1)-N(3A 89.36(9 88.95(9
AR1=3||Fo| — |Fell/Z|Fol. "WR2 =[5 [W(Fe? — F&A/ 3 [W(FAF] 2 NgeAg—cOgl)):N&) ) 91_30((9)) 91.46((9§
N(1)—Co(1)-CI(1) 95.32(7) 96.41(7)
1-C¢H1, were obtained in about 2 weeks. Yield: 0.045 g, 90%. IR N(3A)—Co(1)-CI(1) 96.67(6) 97.76(6)
(cm™): 1604 (s), 1593 (s), 1468 (s), 1457 (s, sh), 1427 (s, br), 1379 N(4)—Co(1)-CI(1) 94.01(7) 95.43(6)
(sh), 1369 (s), 1313 (m), 1284 (m), 1264 (w), 1252 (w), 1242 (w), N(6A)—Co(1)-CI(1) 93.53(7) 94.70(7)
1153 (m), 1148 (sh), 1108 (vw), 1054 (w), 1021 (m), 1009 (w), 977 m(g):gogkm(g/ﬂ gg-ié;(glf) 33.21%2)
(vw), 959 (vw), 924 (vw), 884 (w), 760 (s), 738 (m), 638 (vw), 541 (5)~Co(2-N(@) A47(9) 51(9)
(W), 518 (), 463 (W), 427 (W) N(5A)—Co(2)-N(2) 179.29(9) 179.29(9)
' ) * ' N(5A)—Co(2)-N(2A) 89.47(9) 89.51(9)
Preparation of 1:C¢He. Hexanes (30 mL) were layered onto a N(5)—Co(2)~N(5A) 91.18(13) 91.01(13)
solution of1 (0.047 g, 0.050 mmol) in benzene (25 mL). Crystals of ' '
1-CgHs were obtained in about 2 weeks. Yield: 0.046 g, 91%. IR ®m asymm. op. A=, — x, -y, z

1605 (s), 1594 (s), 1547 (w), 1470(s), 1457 (s), 1429 (s), 1366 (m),
1315 (m), 1280 (w), 1263 (w), 1152 (m), 1107 (vw), 1052 (vw), 1020 area detector system, utilizing the program MADNESell parameters
(w), 886 (w), 804 (vw), 760 (m), 740 (m), 684 (w), 638 (vw), 542 (w), were obtained from an autoindexing routine and were refined with 250
520 (w), 457 (w), 430 (w). strong reflections in the @range 18.+41.6°. Cell dimensions and
Preparation of 1-1.75GHg-0.5CH14. Hexanes (30 mL) were Laue symmetry for all crystals were confirmed from axial photographs.
layered onto a solution df (0.046 g, 0.050 mmol) in toluene (25 mL).  All data were corrected for Lorentz and polarization effects. Intensity
Crystals were grown as thin plates in about 2 weeks. Yield: 0.049 g, data were transferred into SHELX format using the program PRO-
89%. IR (cnT?): 1604 (s), 1593 (s), 1547 (w), 1469 (s), 1457 (s), 1424 COR!
(s, br), 1368 (s), 1313 (m), 1281 (m), 1252 (w), 1153 (s), 1107 (vw),
1052 (vw), 1021 (m), 1008 (m), 925 (vw), 886 (w), 760 (s), 738 (m), (12) Pflugrath, J.; Messerschmitt, MADNES Munich Area Detector (New
694 (w), 637 (vw), 540 (vw), 518 (w), 464 (W), 426 (w). EEC) System, Version EEC 11/1/89, with enhancements by Enraf-
X-ray Crystallography. In each case, a suitable crystal was attached Nonius Corp., Delft, The Netherlands. A description of MADNES
: A -~ appears in the following: Messerschmitt, A.; PflugrathJJAppl.
to the end of a quartz fiber with a small amount of_sﬂu:one grease and Crystallogr. 1987, 20, 306-315.
transferred to a goniometer head. Geometric and intensity data sets for(13) (a) Kabsch, WJ. Appl. Crystallogr.1988 21, 67. (b) Kabsch, W.J.
1-CgHs at 170, 213, 260, and 316 K were gathered on a Nonius FAST Appl. Crystallogr 1988 21, 916.
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Table 6. Selected Interatomic Distances (A) and Angles (deg) for
1-CsHyz at 213 and 295 K

213K 295 K
Co(1)y-Co(2) 2.3311(5) 2.3620(5)
Co(1)-CI(1) 2.4362(11) 2.4218(10)
Co(1y-N(1) 2.003(3) 2.041(2)
Co(1)-N(3) 1.997(3) 2.030(3)
Co(1y-N(4) 2.012(3) 2.038(3)
Co(1)-N(6) 1.990(3) 2.019(3)
Co(2-N(2) 1.903(3) 1.911(2)
Co(2)-N(5) 1.902(3) 1.912(2)
A Co(1)-Co(2)-Co(1)#F 177.56(4) 177.15(3)
cw Co(2)~Co(1)-Cl(1) 178.95(4) 179.17(3)
N(1)—Co(1)-N(3) 86.60(13) 86.07(10)
N(1)—Co(1)-N(4) 168.26(14) 166.26(10)
N(1)—Co(1)-N(6) 88.41(13) 88.05(10)
N(3)—Co(1)-N(4) 91.09(13) 91.18(10)
N(3)—Co(1)-N(6) 169.51(14) 167.79(10)
N(4)—Co(1)-N(6) 91.94(13) 92.02(10)
N(2)#1-Co(2)-N(2) 90.1(2) 90.04(15)
N(2)—Co(2)-N(5) 89.63(14) 89.64(11)
N(2)—Co(2)-N(5)#1 179.14(14) 179.10(11)
N(5)—Co(2)-N(5)#1 90.7(2) 90.7(2)
Figure 2. Perspective view of Ggdpa)Cl, (1) in 1-C4HgO at 120 K. “g;_gg&)):glﬁg ggégggg gg%ggg
Atoms are drawn at the 40% probability level, and hydrogen atoms N(4)—Co(1)-CI(1) 94.55(10) 95.59(8)
are omitted for clarity. The same atomic labeling scheme is usetl for N(6)—Co(1)-CI(1) 93:76(10) 94:66(8)

in the orthorhombic form ofl-CgH12.
asymm. op. #1= =Y, — x, % -y, z
Table 5. Crystal Data and Structure Refinement for

Cos(dpa)Cly CeHiz (1-CeHio) Table 7. Selected Bond Distances (A) and Angles (deg) ¥@H,

formula CieH44N12C03Cl, at120 K
fw 1012.62 Co(1)-Co(2) 2.3127(5) Co(2)Co(3) 2.3253(5)
T, K 120 213 295 Co(1)-CI(1) 2.4381(6) Co(3}CI(2) 2.4462(6)
space group P2,/c Pccn Pccn Co(1)-N(1) 1.976(2) Co(1yN(4) 1.993(2)
a, 14.309(2) 12.968(5) 13.092(1) Co(1)-N(7) 1.992(2) Co(1}N(10) 1.972(2)
b, A 12.805(2) 14.247(1) 14.269(2) Co(2-N(2) 1.897(2) Co(2¥N(5) 1.906(2)
c A 23.560(3) 23.704(1) 23.928(2) Co(2)-N(8) 1.882(2) Co(2rN(11) 1.913(2)
a, deg 90 90 90 Co(3)-N(3) 1.975(2) Co(3)¥N(6) 1.996(2)
B, deg 90.046(2) 90 90 Co(3)-N(9) 1.985(2) Co(3}N(12) 2.003(2)
v, deg 20 9 90 Co(1)-Co(2)-Co(3) 177.31(2) Co(2)Co(1)-Cl(1) 178.47(2)
\z/' Al 2317(1) :’ 379.50) 44469'6(8) Co(2-Co(3)-Cl(2) 178.92(2) N(1}Co(1)-N(4)  86.20(8)
thatcg g €T 1558 1536 1505 N(1)-Co(1)-N(7)  169.15(7) N(1)}Co(1)}-N(10) 89.47(8)
uMoKa) mmrs 1314 1205 = 1269 NI-CON(D)  90.788) NEICOBNG)  9026(7]
R"F]z?geviR!; 20(1)], 0.027,0.062 0.054,0.149 0.039,0.116 N -COZ-NE) 1794407 NCo2)-N(L)  89.76(8)
A N(5)—Co(2)-N(8 89.58(8) N(5)-Co(2-N(11) 179.18(8
Rﬁgeﬁ Fgl data), 0.035,0.065 0.062,0.154 0.049, 0.131 NES;—CoEZ)):Ngl)l) 9. 40%8)) N((g cOgs)):Nge)) 87'31((8))
’ N(3)-Co(3)-N(9)  170.17(8) N(3)}-Co(3)-N(12)  90.07(8)
AR1=3||Fo| — |Fell/Z|Fol. "WR2 =[5 [W(Fe? — F&A/ 3 [W(FAHF] 2 N(6)—Co(3)-N(9) 88.56(8) N(6)-Co(3)-N(12) 168.95(8)
N(9)-Co(3)-N(12)  92.30(8) N(1}Co(1)-Cl(1)  96.43(6)
Data for 1-0.85(GHz),0+0.15CHCl,, 1-C4HsO, 1-CeHio, and 1- N(4)=Co(1)~CI(1) ~ 95.41(6) N(7y-Co(1)-CI(1) ~ 94.39(6)
1.75GHy0.5GHs, were collected on a Bruker SWART 1000 CCD NGOY Coll) Clil)  92.926) NG Colg)-Cllz) - 95.63(0
detector system equipped with a liquid nitrogen low-temperature N(12)-Co(3)-Cl(2) 93:98(6) ’

controller. Cell parameters were obtained using SMARSDftware.
Data were corrected for Lorentz and polarization effects using the
program SAINTPLUS?® Absorption corrections were applied using
SADABS1¢

For ee_lch of the data sets the positions of the heavy atoms were found, 4 CHCl, molecules was found to be 0.85:0.15 from structural
by the direct methods program in SHELXTLSubsequent cycles of 5oy is Al non-hydrogen atoms, including the solvent molecules in
least-squares refl_n_ement followed t_)y_ difference Fourier syntheses 1-0.85(GHs);0+0.15CHCl,, were refined anisotropically. The mono-
revealed the positions of the remaining non-hydrogen atoms. The gjinic form of 1-CgH;, was twinned on the [100] direction with a refined
interstitial solvent molecules were found to be disordered in the r4ii of twin components close to 1:1. Details of data collection and
refinement are given in CIF format as Supporting Information.

orthorhombic forms ofl-C4HsO, 1:CeHiz, and also in1-1.75GHs-
0.5GH14. There are two different solvent molecules occupying the same

d:site in1-0.85(GHs),0-0.15CHCI,. The ratio of the interstitial (¢s),0

(14) SMART V5.05 Software for the CCD Detector Syst@&muker
Analytical X-ray Systems, Inc.: Madison, WI, 1998.

(15) SAINTPLUS, V5.00 Software for the CCD Detector Syskmuker L . .
Analytical X-ray Systems, Inc.: Madison, WI, 1998. Crystallization. The starting material G¢dpa}Cl. (1) was

(16) SADABSProgram for absorption correction using SMART CCD data  prepared on a gram scales&-CH,Cl, according to published
based on the method of Blessing: Blessing, RAkta Crystallogr procedure§. Crystals of 1-0.85(GHs),0-0.15CHCl, were
1995 A51, 33—-38. : . . . . .

isolated by layering a dichloromethane solutioriefith diethyl

(17) SHELXTLyversion 5.03; Siemens Industrial Automation Inc.: Madison, .
WI, 1994. ether. Crystals ofl-C4HgO and 1-CgHg were obtained by

Results and Discussion
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Table 8. Crystal Data and Structure Refinement fors@pa)Cl,:CsHg (1:CsHe)

formula Q6H33N12C03C|2

fw 1006.57

T, K 170 213 260 316

space group Pna2; Pna2; Pna2; Pca2;

a A 18.4767(7) 18.358(2) 18.521(2) 18.5460(7)

b, A 29.031(2) 29.14(1) 29.046(3) 14.5527(8)

c, A 15.9276(5) 16.00593) 16.068(1) 16.2431(6)

a, deg 90 90 90 90

B, deg 90 90 90 90

y, deg 90 90 90 90

v, A3 8543.5(7) 8646(4) 8644(1) 4383.9(3)

z 8 8 8 4

eatca g CNT3 1.565 1.547 1.547 1.525

u(Mo Ka), mm1 1.327 1.312 1.312 1.293
Rindices | > 20(1)], RL2wR2 0.038, 0.098 0.055, 0.132 0.063, 0.160 0.045, 0.104
Rindices (all data), R*wR2 0.043,0.104 0.068, 0.155 0.074,0.177 0.053,0.112

*R1= 3 |[Fo| — [Fell/2|Fol. ®WR2 = [F[W(Fo? — FA)/ 3 [W(Fo)T] 2

Table 9. Selected Interatomic Distances (A) and Angles (deg)1f@kHs

molecule 1 molecule 2

170K 213K 260 K 316 K 170K 213K 260 K
Co(1)-Co(2) 2.3135(8)  2.3229(14) 2.3244(13) 2.3417(9) Co@d(5) 2.3189(8) 2.3261(15) 2.3230(14)
Co(2)-Co(3) 2.3280(8)  2.3444(15) 2.3500(14) 2.3665(9) CoG)(6) 2.3283(8)  2.3378(15) 2.3454(14)
Co(1)-ClI(2) 2.4583(12) 2.468(2)  2.458(2)  2.4608(14) Cef@)(3) 2.4792(12) 2.487(2)  2.473(2)
Co(3)-ClI(2) 2.4785(13) 2.477(2)  2.460(2)  2.450(2) Cot6)I(4) 2.4899(12) 2.493(2)  2.475(2)
Co(1)-N(2) 1.983(4)  1.991(6)  1.990(6)  2.009(4) Cof4y(13) 1.980(4)  1.988(6)  1.985(6)
Co(1)-N(4) 1.987(4)  1.977(6)  2.002(6)  2.000(4) Cof4y(16) 1.960(4)  1.967(7)  1.975(6)
Co(1)-N(7) 1.973(4)  1.980(6)  1.998(6)  2.010(4) Cof4y(19) 1.995(4)  1.997(6)  2.003(6)
Co(1)-N(10) 1.988(3)  1.993(6)  1.994(6)  2.004(4) Cofd(22) 1.980(4)  1.982(7)  1.995(6)
Co(2-N(2) 1.909(4)  1.905(7)  1.903(6)  1.895(4) Cof3y(14) 1.895(4)  1.897(6)  1.908(6)
Co(2)-N(5) 1.906(4)  1.897(6)  1.909(6)  1.914(4) Cot(17) 1.911(4)  1.912(6)  1.897(6)
Co(2)-N(8) 1.914(4)  1.912(6)  1.918(6)  1.901(4) Cof3y(20) 1.908(4)  1.898(6)  1.912(6)
Co(2)-N(11) 1.892(4)  1.892(6)  1.893(6)  1.915(4) Cofh)(23) 1.897(4)  1.897(6)  1.914(6)
Co(3)-N(3) 2.003(4)  2.013(7) 2.020(7)  2.023(4) Cof@y(15) 1.987(4)  1.993(6)  1.994(6)
Co(3)-N(6) 1.974(4)  1.977(7)  2.003(8)  2.022(4) Cof@y(18) 1.982(4)  1.984(7)  2.007(7)
Co(3)-N(9) 1.982(4)  1.992(7)  2.004(6)  2.000(4) Cofay(21) 1.975(4)  1.987(6)  1.990(7)
Co(3)-N(12) 1.991(4)  2.001(6)  2.019(7)  2.018(4) Coft®)(24) 1.991(4)  2.005(7)  2.008(7)
Co(1)-Co(2-Co(3) 176.81(3) 177.16(6) 177.51(6) 178.41(4) Ce{@p(5)-Co(6) 178.81(4) 178.89(6) 178.87(6)
Co(2-Co(1y-CI(1) 178.87(4) 178.80(7) 178.82(7) 179.03(5) Co{B&p(4)-CI(3) 178.15(4) 178.32(7) 178.50(7)
Co(2-Co(3)-CI(2) 177.33(4) 177.49(8) 177.94(8) 179.02(5) CofBp(6)-Cl(4) 179.65(4) 179.77(7) 179.69(7)
N(1)—Co(1)-N(4) 91.2(2) 91.0(3) 91.8(3) 88.7(2) N(I3To(4)-N(16) 89.2(2) 89.2(3) 88.9(3)
N(1)—Co(1)-N(7)  171.18(15) 170.7(3)  170.8(2)  168.9(2) N(E&o(4)-N(19) 170.78(15) 170.8(2)  170.3(3)
N(1)—Co(1)-N(10)  89.0(2) 88.8(3) 88.4(3) 88.8(2) N(13To(4)-N(22) 89.2(2) 89.3(3) 89.5(3)
N(4)—Co(1)-N(7)  89.4(2) 89.9(3) 89.0(2) 90.5(2) N(16T0(4)-N(19) 89.5(2) 89.6(3) 89.9(3)
N(4)—Co(1)-N(10) 170.76(15) 170.7(2)  170.4(2)  169.3(2) N@6o(4)-N(22) 170.8(2)  170.3(3)  170.3(3)
N(7)—Co(1)-N(10)  88.9(2) 88.8(3) 89.3(2) 90.0(2) N(9C0(4)-N(22) 90.7(2) 90.3(3) 90.1(3)
N(2)—Co(2-N()  89.7(2) 90.4(3) 89.4(3) 90.4(2) N(H4ELo(5-N(17) 90.3(2) 90.7(3) 90.7(3)
N(2—Co(2-N(8)  179.2(2)  179.0(3)  178.9(3)  179.1(2) N(¥Jo(5)-N(20) 179.2(2)  178.8(3)  179.0(3)
N(2)—Co(2-N(11)  90.7(2) 91.0(3) 90.8(3) 89.8(2) N(}4o(5)-N(23) 90.0(2) 90.1(3) 89.5(3)
N(5)—Co(2-N(8)  89.5(2) 88.9(3) 89.8(3) 90.5(2) N(E7To(5-N(20) 90.5(2) 90.5(3) 90.4(3)
N(5)—-Co(2-N(11) 179.5(2)  178.6(3)  179.1(3)  179.7(2) N(EQo(5)-N(23) 179.7(2)  179.1(3)  179.7(3)
N(8)—Co(2-N(11)  90.1(2) 89.8(3) 90.0(3) 89.3(2) N(20T0(5)-N(23) 89.3(2) 88.6(3) 89.5(3)
N(3)—Co(3)-N(6)  89.8(2) 89.6(3) 89.1(3) 91.4(2) N(15T0(6)-N(18) 90.3(2) 90.3(3) 90.2(3)
N(3)—Co(3)-N(9) 170.8(2) 170.0(3) 169.1(3) 167.8(2) N(EJ0(6)-N(21) 170.7(2) 170.9(3) 169.7(3)
N(3)—Co(3-N(12)  91.6(2) 91.4(3) 91.4(3) 88.1(2) N(5E0(6)-N(24) 88.6(2) 88.3(3) 88.1(3)
N(6)—Co(3)-N(9)  89.1(2) 89.2(3) 89.2(3) 88.5(2) N(8L0(6)-N(21) 89.1(2) 89.1(3) 89.1(3)
N(6)—Co(3-N(12) 169.5(2)  169.1(3)  168.0(3)  168.3(2) N(&o(6)-N(24) 171.0(2)  1705(3)  169.8(3)
N(9)—Co(3)-N(12) 88.0(2) 87.9(3) 88.0(3) 89.6(2) N(24To(6)-N(24) 90.6(2) 90.8(3) 90.8(3)
N(1)-Co(1)-CI(1)  95.73(11) 96.0(2) 95.7(2) 95.87(12) N(EJ0(4)-CI(3) 94.24(11) 94.2(2) 94.9(2)
N(4)—Co(1)-CI(1) 93.92(11) 94.4(2) 93.4(2) 96.37(12) N(38y0(4)-CI(3) 95.42(12) 95.6(2) 95.7(2)
N(7)-Co(1)-CI(1)  93.00(11) 93.2(2) 94.0(2) 95.17(11) N(¥3Jo(4)-CI(3) 94.96(11) 95.0(2) 94.7(2)
N(10)-Co(1)}-Cl(1) 95.25(11) 94.9(2) 95.4(2) 94.24(11) N(2Zo(4)-CI(3) 93.69(11) 94.1(2) 93.9(2)
N(3)—Co(3)-CI(2)  85.03(11) 94.9(2) 84.3(2) 95.81(12) N(EJo(6)-Cl(4) 95.17(11) 94.9(2) 95.7(2)
N(6)—Co(3)-CI(2)  95.65(11) 96.1(2) 96.3(2) 96.07(12) N(x80(6)-Cl(4) 94.53(11) 94.6(2) 95.5(2)
N(9)—Co(3)-CI(2)  94.82(11) 95.1(2) 95.5(2) 96.32(13) N(2Go(6)-Cl(4) 94.13(12) 94.2(2) 94.6(2)
N(12)-Co(3)-Cl(2) 94.60(12) 94.6(2) 95.6(2) 95.61(12) N(2430(6)-Cl(4) 94.43(11) 94.9(2) 94.6(2)

layering the corresponding THF and benzene solutions with crystallization processes @by changing only the solvents used
hexanes. Slow diffusion of cyclohexane onto a toluene solution in layering from cyclohexane to the commercially available
of 1 gave 1:CgH1o. However, when the same solution was mixture of hexanes.

layered with hexanes, crystals &f1.75GHgs-0.5GH14 were Structural Studies. For 1:0.85(GHs),0-0.15CHCI, crystal
produced. Here we witnessed a remarkable impact on thedata at 120, 213, and 296 K are listed in Tables 1 and 2. It
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Figure 3. Perspective view of Gfdpa)Cl, (1) in the monoclinic form
of 1-CgH12 at 120 K. Atoms are drawn at the 40% probability level,
and hydrogen atoms are omitted for clarity.

crystallizes in the centrosymmetric space grdfa/c where
the molecule ofl resides on a general position. The interstices
are occupied by (&4s),0 and CHCI, molecules in a ratio of
about 0.85:0.15. A drawing of the g{dpa)Cl, molecule is
shown in Figure 1. At 120 K the two CeCo distances are
2.3191(3) and 2.3304(3) A, but the discrepancy increases with -
increasing temperature so that at 296 K the distances are 2.3230-  cm
(3) and 2.3667(4) A. Without doubt the discrepancy at 120 K
is so small (ca. 0.01 A) that the molecule can be considered
symmetric, but a difference of 0.044 A raises a question. There
is also an increase of 0.020 A in the average-Co distance
from 120 to 296 K.

For 1-C4HgO the structure (see Tables 3 and 4 and Figure 2)
is truly symmetrical at both 120 and 295 K although there is a
significant increase in the CaCo distances, from 2.3111(4) to
2.3484(4) A, namely, 0.037 A.

The data forl-CgHi, are given in Tables 57, and the
molecule at 120 K is shown in Figure 3. There is a phase change
between 213 KRccr) and 120 K P2,/c). In Pccnthe two Co- Figure 4. (a) Perspective view of QCdpa})Clz (1) in 1-CgHg at 316
Co distances are crystallographically equivalent whil@2a/c K. Atoms are drawn at the 30% probability level, and hydrogen atoms

. are omitted for clarity. (b) The asymmetric unit in the low-temperature

they are not. At 295 K the (equal) €&o distances are 2.3620- ¢\ of 1-CgHg at 170 K.
(5) A while at 120 K the two slightly different CeCo distances
are 2.3127(5) and 2.3253(5) A. The increase from the average The data forl-1.75GHs-0.5GH14 are presented in Tables
of the two low-temperature distances to the distance at 295 K 10 and 11. There are two molecules in the asymmetric unit (as
is 0.043 A. shown in Figure 5), and they behave somewhat differently as a

The data forl-CgHe are given in Tables 8 and 9, and a function of temperature (Figure 6). Moleculeis significantly
drawing of the molecule at 316 K is presented in Figure 4 along unsymmetrical even at 90 K (the two €€o distances differ
with a drawing of the two molecules that make up the by 0.056 A) and becomes much more so as the temperature
asymmetric unit in the low-temperature space gréug2; at rises, until at 298 K the difference is 0.161 A. At 298 K, this
170 K. The phase change occurs between 316 and 260 K, butmolecule is typical of what we have previously designated
we have not attempted to determine the transition temperatureu-Coz(dpa)Cl,.” The second molecul®, is symmetrical at 90
exactly. In space groupna2; there are two crystallographically K (the two Co-Co distances differ by only 0.006 A), but by
independent molecules on general positions, both of which are298 K it has become essentiallpaCos(dpa)Cl, molecule, with
nearly but not exactly symmetrical. The average of the differ- the two Co-Co distances differing by 0.130 A. Since in this
ences between the two €€o distances in each molecule is case both molecules undergo such an extreme change in
only 0.012 A at 170 K. At 316 K, in space groita2, there symmetry, it is not clear what significance can be attached to
is only one molecule on a general position which is slightly the change in mean CGeCo distance from the lowest to the
unsymmetrical, with the two CeCo distances differing by  highest temperature. However, for whatever they mean the
0.025 A. Here again there is a significant increase in the averageresults are 0.062 and 0.060 A for moleculés and B,
Co—Co distance, namely, 0.032 A from 170 to 316 K. respectively.
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Table 10. Crystal Data and Structure Refinement fiet.75GHg0.5GH14

formula Gss.24H53N12C03Clo

fw 1132.79

T, K 90 110 170 298

space group P1 P1 P1 P1

a A 16.738(1) 16.774(2) 16.849(1) 17.056(1)

b, A 17.851(1) 17.913(2) 17.959(1) 18.250(1)

c, A 19.134(1) 19.195(2) 19.176(1) 19.297(2)

a, deg 80.729(1) 80.925(2) 80.424(1) 80.266(1)

S, deg 81.710(1) 81.633(2) 81.250(1) 80.797(1)

y, deg 63.384(1) 63.389(2) 63.330(1) 63.217(1)

v, A3 5027.6(5) 5073(1) 5093.1(5) 5261.0(7)

z 4 4 4 4

Oearce g CT 3 1.497 1.483 1.477 1.430

u(Mo Ko, mm?t 1.137 1.127 1.122 1.086

Rindices | > 20(1)], R12 wR2 0.045, 0.119 0.047,0.119 0.048, 0.128 0.060, 0.175

Rindices (all data), R*wR2 0.078,0.132 0.072,0.136 0.074,0.144 0.107, 0.197

AR1= 3||Fol = IFcll/XIFol. °WR2 = [F[W(Fo* — FA)/ T [W(Fo?)] Y2
Table 11. Selected Interatomic Distances (A) and Angles (deg)lfdr75GHg0.5CsH:4
molecule 1 molecule 2
90 K 110K 170K 298 K 90 K 110K 170K 298 K

Co(1y-Co(2) 2.3098(6) 2.3135(6) 2.3046(6) 2.310(2) Ce{@p(5) 2.3139(6) 2.3174(6) 2.3084(6) 2.312(2)
Co(2)-Co(3) 2.3660(6) 2.3728(6) 2.4216(6) 2.471(2) Ce(6p(6) 2.3196(6) 2.3245(6) 2.3622(6) 2.442(2)
Co(1)y-CI(1) 2.4081(9) 2.4100(10) 2.4067(10) 2.408(4) Ce{(@)(3) 2.4333(10) 2.4369(9) 2.4267(9) 2.419(4)
Co(3)-ClI(2) 2.4467(9) 2.4483(9) 2.4029(9) 2.367(4) Cof€I(4) 2.4212(10) 2.4207(9) 2.3960(9) 2.346(4)
Co(1)-N(1) 1.981(3) 1.985(3) 1.979(3) 1.974(11) Co(13) 1.959(3) 1.961(3) 1.960(3) 1.997(10)
Co(1)-N(4) 1.971(3) 1.972(3) 1.971(3) 1.980(11) Cof#(16) 1.996(3) 2.001(3) 1.994(3) 1.973(10)
Co(1)-N(7) 1.972(3) 1.973(3) 1.973(3) 1.975(12) Co(19) 1.972(3) 1.976(3) 1.970(3)  1.990(10)
Co(1)-N(10) 1.991(3) 1.991(3) 1.979(3) 1.976(12) CofN(22) 1.976(3) 1.980(3) 1.974(3) 1.966(10)
Co(2)-N(2) 1.894(3) 1.899(3) 1.900(3) 1.908(10) CoBy(14) 1.904(3) 1.904(2) 1.906(2)  1.904(10)
Co(2)-N(5) 1.901(3) 1.899(3) 1.902(3) 1.908(9) Cof®¥(17) 1.893(3) 1.897(3) 1.898(3) 1.906(9)
Co(2)-N(8) 1.911(3) 1.910(3) 1.913(3) 1.919(10) CoBy(20) 1.897(3) 1.899(2) 1.901(2) 1.895(10)
Co(2)-N(11) 1.900(3) 1.900(3) 1.899(3) 1.906(10) CofB)(23) 1.891(3) 1.889(3) 1.893(3) 1.907(9)
Co(3)-N(3) 2.025(3) 2.032(3) 2.070(3) 2.120(10) Cof®y(15) 1.973(3) 1.983(3) 2.015(3) 2.094(10)
Co(3)-N(6) 2.018(3) 2.024(3) 2.073(3) 2.120(10) Cof®y(18) 1.982(3) 1.985(3) 2.017(3) 2.093(10)
Co(3-N(9) 2.019(3) 2.027(3) 2.063(3) 2.097(10) Cof®y(21) 2.023(3) 2.026(3) 2.057(3) 2.094(11)
Co(3-N(12) 2.010(3) 2.018(3) 2.065(3) 2.115(10) Cof6)(24) 1.989(3) 1.995(3) 2.025(3) 2.129(10)
Co(1y-Co(2)-Co(3) 178.72(3) 178.70(3) 178.13(2) 178.03(9) Ce(@p(5-Co(6) 177.05(3) 177.13(2) 177.44(2) 177.99(9)
Co(2)-Co(1-Cl(1) 179.76(4) 179.63(3) 179.74(4) 179.8(2) Cof®o(4)CI(3) 177.82(3) 177.91(3) 178.12(3) 178.57(12)
Co(2y-Co(3)-Cl(2) 179.19(3) 179.27(3) 179.82(3) 179.85(11) Ce{6p(6)-Cl(4) 178.34(3) 178.39(3) 178.50(3) 179.09(13)
N(1)—Co(1)}-N(4) 90.04(11) 90.13(11) 89.88(11) 90.5(4) N(®o(4)-N(16) 89.15(11) 89.09(10) 89.23(10) 89.0(4)
N(1)—Co(1}-N(7) 89.56(12) 89.66(12) 89.42(12) 89.3(5) N(#&o(4)-N(19) 170.29(11) 170.34(11) 170.69(11) 169.8(4)
N(1)-Co(1)-N(10) 170.84(11) 170.98(11) 170.98(11) 171.0(5) NEGP(4)-N(22) 90.20(11) 90.03(11) 89.94(11) 90.4(4)
N(4)—Co(1}-N(7) 171.17(11) 170.97(12) 171.35(12) 170.9(5) NE@6pP(4-N(19) 90.48(11) 90.44(11) 90.35(11) 90.0(4)
N(4)—Co(1)-N(10) 88.95(12) 88.80(11) 89.18(11) 89.0(5) N#€o(4)-N(22) 169.62(12) 169.51(11) 169.92(11) 170.2(4)
N(7)—Co(1)}-N(10) 90.04(12) 89.99(12) 90.16(12) 89.8(5) N@E@o(4)-N(22) 88.42(11) 88.67(11) 88.85(11) 88.8(4)
N(2)—Co(2-N(5) 89.80(12) 89.76(11) 89.83(11) 89.6(4) N(+Qo(5)-N(17) 89.67(11) 89.77(11) 89.68(11) 89.7(4)
N(2)—Co(2)-N(8) 90.26(12) 90.25(11) 90.26(12) 90.3(4) N(#9o(5)-N(20) 178.95(11) 178.99(11) 178.70(11) 179.9(4)
N(2)—Co(2)-N(11) 179.68(12) 179.68(12) 179.53(12) 179.3(4) N@E@@p(5)-N(23) 90.20(11) 90.04(11) 90.25(11) 89.5(4)
N(5)—Co(2)-N(8) 179.25(11) 179.32(12) 178.92(12) 178.7(4) NEZP(5-N(20) 89.84(11) 89.92(11) 89.87(11) 90.3(4)
N(5)—Co(2)-N(11) 89.88(12) 89.93(11) 89.82(11) 90.2(4) N@#DQo(5)-N(23) 179.53(12) 179.46(11) 179.67(11) 178.1(4)
N(8)—Co(2)-N(11) 90.06(12) 90.06(11) 90.09(11) 90.0(4) N@@o(5)-N(23) 90.30(11) 90.28(11) 90.20(11) 90.4(4)
N(3)—Co(3)-N(6) 90.20(11) 90.03(10) 89.49(10) 88.5(4) N(#®o(6)-N(18) 89.42(11) 89.24(11) 89.25(11) 88.6(4)
N(3)—Co(3)-N(9) 91.78(11) 91.99(10) 92.29(10) 92.0(4) N(#®o(6)-N(21) 169.46(12) 169.28(11) 167.06(11) 163.6(4)
N(3)—Co(3-N(12) 168.65(11) 168.35(11) 165.03(11) 162.2(4) NE@GP(6)-N(24) 88.22(11) 88.35(11) 88.06(11) 90.5(4)
N(6)—Co(3)-N(9) 168.23(11) 168.03(11) 165.29(11) 162.7(4) NE@8p(6)-N(21) 90.86(11) 91.02(11) 90.83(11) 87.6(4)
N(6)—Co(3-N(12) 85.71(11) 85.68(10) 84.66(10) 84.2(4) N(&&o(6)-N(24) 170.81(11) 170.58(11) 168.36(11) 162.3(4)
N(9)—Co(3)-N(12) 90.14(11) 90.05(10) 89.98(10) 90.2(4) N(@2Do(6)-N(24) 89.84(11) 89.66(11) 89.27(11) 88.4(4)
N(1)—Co(1}»-CI(1) 93.93(8) 93.92(8) 94.16(8) 94.1(3) N(E3}yo(4-CI(3) 95.69(8) 95.60(8) 95.37(8) 94.3(3)
N(4)—Co(1)-CI(1) 94.70(8) 94.72(8) 94.64(9) 94.9(3) N(36J0o(4)-CI(3) 94.31(8) 94.29(8) 94.18(8) 95.7(3)
N(7)—Co(1}>-CI(1) 94.12(9) 94.30(9) 94.01(9) 94.2(4) N(39yo(4)y-CI(3) 94.02(8) 94.05(8) 93.94(8) 95.9(3)
N(10)-Co(1)-Cl(1) 95.23(8) 95.10(9) 94.86(9) 94.9(4) N(22o(4)-CI(3) 96.07(9) 96.19(8) 95.91(8) 94.1(3)
N(3)—Co(3)-CI(2) 95.02(8) 95.14(8) 96.80(8) 98.3(3) N(35yo(6)-CI(4) 95.01(9) 95.11(8) 96.14(8) 97.7(3)
N(6)—Co(3)-Cl(2) 96.61(8) 96.62(8) 97.84(8) 99.2(3) N(38Jo(6)-Cl(4) 93.35(8) 93.45(8) 94.78(8) 98.6(3)
N(9)—Co(3)-CI(2) 94.77(8) 94.95(8) 96.44(8) 97.8(3) N(2iJo(6)-CI(4) 95.71(9) 95.57(8) 96.76(8) 98.7(3)
N(12)-Co(3)-Cl(2) 95.96(8) 96.12(8) 97.64(8) 98.9(3) N(243o(6)-Cl(4) 95.49(8) 95.83(8) 96.75(8) 99.0(3)

Over and above all of the other interesting structural details they have been discussed, these changes are 0.020, 0.037,
just enumerated, the main point arising from all of these data 0.043, 0.032, and 0.061 A. Changes of this magnitude are not
is that, in each compound, there is a rather large increase in thenormal for a compound in which the electronic state is un-
mean Ce-Co distance as the temperature increases from ca.changed over the same temperature rafigé/hat is the
170 K to ca. 300 K. For the five compounds, in the same order explanation?
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Figure 5. Perspective view of the two independent molecules of{@m)Cl, (1) in 1-1.75GHg-0.5GH14 at 90 K. Atoms are drawn at the 40%
probability level, and hydrogen atoms are omitted for clarity. The same atomic labeling scheme is used for data collected at other temperatures.
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Figure 6. Temperature dependence of metaletal distances for the T/K

molecules ofl in 1-1.75GHg0.5GH14.

Figure 7. Temperature dependence of the effective magnetic moment
at 1000 G for1-0.85(GHs),0-0.15CHCI, (®), 1-CeHs (2), 1-C4HsO

Magnetic Susceptibility MeasurementsThe explanation is (©), 1-Cof 1z (&), and1+1 75GHs-0.5GH (1)

found when we examine the magnetic data. Plotgigf vs
temperature for each of the compounds are shown in Figure 7

In every case, below 100 K, the a)Cl, molecule is in a
Y ' : Sdpa)Cl, an S = 3, or S = %, state’ In these compounds, the

spin-doublet ground state withgavalue of about 2.4. The field . !
P 9 o spin-crossover can be modeled to a phenomenological model

dependence of the magnetic moment at 1.8 K can be fitted to; . oo . :
the Brillouin function for anS = ¥/, spin which allows us to involving an equilibrium between the two magnetic staéEhis

evaluate more precisely tigevalue at 1.8 K in each case: 2.370- led us to conclude that for each compound the higher magnetic

(5) for 1-0.85(GHs);0-0.15CHCl,, 2.370(5) for 1-CeHy,,  State hass= "> with a g value of about 2.7(1).

2.350(5) for1-C4HgO, 2.353(5) forl-CeHe, and 2.349(5) for ~_ Ihe bonding in these Gachains is not fully understoot,
1-1.75GHg-0.5GH14 Above 100 K, the effective moments but _the following things can be said W|th certainty. Over t_he
begin to increase gradually without reaching saturation even atchain, there are 12 more-or-less delocalized molecular orbitals
350 K. It is worth noting at this point thatCsH:» exhibits at made up of four 3d orbitals from each metal atom (one 3d orbital

about 2D K a kink in the magnetic moment probably related P€Ing strongly involved in CeN bonding). Of these 12 MOs,
to the structural phase transition observed in the X-ray study roughly speaking there will be four that are bonding, four that
(vide suprd. No such feature was observed fo€sHs, although areI nonbondlng_, and four that will be ant|bon_d|ng. The three
this also has a structural phase transition between 316 and 26(f>0" atoms contribute a total of 21 electrons, which must occupy
K as shown by the X-ray study. This typical spin-crossover €S€ 12 MOs.

process has been already observed in numerous compounds of " the ground state, 16 electrons will fill the bonding and
nonbonding orbitals and five will occupy antibonding orbitals

so that two such orbitals are doubly occupied and one electron

"this family where the high-spin state can be assigned to either

(18) We could find no studies of this in the literature, but there have been
several unpublished ones done in the laboratory. For example,for Cr
(2,6-dimethyoxyphenyl)the Cr—Cr distances at 90 and 295 K are  (19) Kahn, O.Molecular MagnetismVCH: New York, 1993.
1.8473(4) and 1.847(1) A, respectively. (20) Rohmer, M.; Beard, M.J. Am. Chem. S0d.998 120 9372.
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Table 12. Co-Co Distances (A) in the G@pa)Cl, Molecule in tion, the bond order of each €&o bond will be (4— 2.5)/2
Various Environments and at Various Temperatures = 0.75 in the ground state. If the lowest quartet state is attained
solvent of by the promotion of a nonbonding or less antibonding electron
crystaltization to the remaining unoccupied antibonding orbital, the bonding
per Coa(dpa)Cly  temp, K- Co(1)—Co(2) Co(2)—Co(3)" ref must be weakened and the bond order could drop to as low as
2CH,Cl,, 1H,0 b 2.290(3) 2.472(3) 3a (4 — 3)/2 = 0.5. Thus, as a spin crossover from the ground
1CH:Cl, 296 2.3369(4) c 7 doublet state to the quartet state occurs, the bond length must
168/ 2.3178(9) ¢ 3¢ increase by more than would be expected for a more ordinary
109~ 2.3214(8) 232248 7 molecule that remains in its ground state over the range of
200 2.34(D) 2.34(1) 7
2CH,Cl 298 2.299(1) 24711 7 measurement.
R Inee Heb 3T Concludng Remarks
133 2.295(1) 2.440(1) 7 With the completion of the work reported in this paper, we
\Cotdpn)? 2?‘3’ %33??.@ %‘3249‘(71(?) ZC have concluded, at least for the foreseeable future, our structural
0.85(CaHs)20. 296 2:3230(3) 2:3667(4) ~ studies of the molecule (5@1pa)1CI?. As shown in Table.12', a
0.15CH,Cl, 213 2.3193(3) 2.3352(3) very extensive database concerning the structural variability of
120 2.3191(3) 2.3304(3) this molecule as a function of environment and temperature has
1C4HO 295 2.3484(4) ¢ been assembled. Along with the structural facts, the magnetic
120 2.3111(4) ¢ behavior has been thoroughly examined, and the nature of the
I1CH 295 2.3620(5) ¢ ; . .
23 233115 c molecule in solution has also been established by NMR
120 2.312%(5) 2.3253(5) spectroscopy and cyclic voltammetry. There are, perhaps, those
1CH, 316 23417(9) 2.3665(9) who might question whether one molecule merits so much study.
260¢ 2.324(1) 2.350(1) Obviously, we think it does, because its structural variability
%?2: %23383 %;gﬁg}g \this work _(which_ may or may not be pr_operly called bond-stretch
213¢  2.326(1) 2.338(1) isomerism) is so unusual, if not unique. We have recently found
170 2.3135(8) 2.3280(8) that this extraordinary behavior is paralleled, in many ways, by
170+ 2.3189(8) 2.3283(8) the bromine analogue, but there are also minor differences that
'78%”:[ %ggﬁ g.glg(é) 2-32(2) could provide interesting new clusOur understanding of
e 170¢ 2'3(])4(6()6) %'42122‘) meta-metal bonding cannot be considered complete until it is
170¢ 2:3084(6) 2:3622(6) able to deal with a case like this, as well as with the normal
110s 2.3135(6) 2.3728(6) examples. We think the facts are becoming clear and abundant.
1o 2.3174(6) 2.3245(6) Can a satisfactory explanation be given?
90 2.3098(6) 2.3660(6)
90¢  2.3139(6) 23196(6) _/ Acknowledgment. The authors acknowledge financial sup-
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is left unpaired in an antibonding orbital. The most strongly (21) cigac, R.; Cotton, F. A.; Daniels, L. M.; Dunbar, K. R.; Murillo, C.
antibonding orbital remains empty. Thus, as a rough approxima- A.; Wang, X.J. Chem. Soc., Dalton Transn press.






