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Interlocking Structure by Dicarboxylate Ligands with Two Different
Conformations

EunWon Lee, YooJin Kim, and Duk-Young Jung*

Department of Chemistry-BK21 and the Institute of Basic Science, Sungkyunkwaansiiyj
Suwon 440-746, Korea

Received August 8, 2001

A novel Co—glutarate, Co[O,C(CH)sCO;] (1), was synthesized as single crystals by the hydrothermal reaction of
CoCl, with glutaric acid in the presence of KOH and characterized by single-crystal X-ray diffraction analysis, TGA,
IR, UV-vis reflectance spectrometry, and SQUID measurements. The dark purple Co—glutarate crystallizes in the
monoclinic system in the space group P2/c, with a = 14.002(3) A, b = 4.8064(10) A, ¢ = 9.274(3) A, B =
90.5(2)°, and Z = 4. The Co?* centers are tetrahedrally coordinated to four oxygen atoms from the dicarboxylate
ligands. The anhydrous-pillared three-dimensional structure consists of infinite Co—C0O,—Co inorganic layers, which
are stacked by the coordinated glutarate alkyl chain along the a-axis. There are two different conformations for
glutarate ligands, i.e., the gauche- and the anti-forms. These ligands reside between the inorganic layers alternatively
to separate each layer by 7.01 A (gauche) and 6.99 A (anti). Magnetic measurement reveals that the predominant
magnetic interactions are antiferromagnetic below 14 K.

Introduction neering” through connection of transition-metal centers has

There has been considerable interest in inorgaoiganic ~ Proven to be a reasonable approach to building three-
hybrid materials whose crystal structures present various dimensional structures based on layered structural motifs,
types of metatligand coordination and their dimensionaltty. controlling the packing of layers by organic pillars of variable
The studies on inorganieorganic hybrid pillared structures ~ €ngths and typesThe terminal bifunctional groups such
are also focused on materials science as well as structuraPS diPhosphonate, carboxyphosphonate, and dicarboxylate
chemistry, for potential applications such as cataysis, allow a variety of crystal structures of the coordination

sorption? photochemistry, or magnetisnf. “Crystal engi- ~ complex depending on the synthetic conditions, metal
cations, and characteristics and flexibility of the ligands
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such aso,w-dicarboxylaté® phthalaté’ and biphenyldicar-
boxylate (bpdcf and other ligandd have been reported.

Lee et al.

example of inorganicorganic hybrid layered structures
consisting of gauche- and anti-form dicarboxylate layers

Recenﬂy, we have reported the Syntheses and X-ray crystaﬁtaCked alternatively between the inorganic layers along the

structural analyses of a series of Mnftidicarboxylates,
Mn2(H20)[;OC(CH,),CO;], (n = 3—12, denoted as MnDC-
n), prepared by the hydrothermal methiddrhe topology

of MnDC-n presents a structure constituted by the stacking
along one direction of Mn@layers interweaved with alkyl
chains. The alkyl chains are well aligned with only the anti-
form (i.e., trans-form) and closed-packed between the
inorganic layers. The interlayer spacings of the Mn com-

pounds were varied by varying the number of carbon atoms

in the alkyl chain. Interestingly the crystal structures of
MnDC-n (n = even) differ from those of MNDQ@(n = odd).

All the prepared manganese dicarboxylate compounds in-

volve the replication of the local crystal structure in the
Mn—O monolayer to present an antiferromagnetic interac-
tion. It should be noted that Cgimelate, reported by Livage
et al.82also consists of only the anti-form of two independent
pimelate ions. All the anti-form alkyl chains between two
terminal functional groups may have a strong tendency to

same direction. A construction of a three-dimensional
network using ligands with conformational freedom to
engender supramolecular isomerism has been reported for
[Co(NGs)(1,2-bis(4-pyridyl)ethang)]..** However, the latter
coordination polymer involves nitrate ligands, which give
rather flexible coordination environments, and also does not
possess the close packing of alkyl chains as demonstrated
in compoundLl.

Experimental Section

Synthesis.All chemicals used were of reagent grade and were
used without further purification. Co@(CH,)sCO,] was prepared
by the following procedure: glutaric acid (5 mmol) was dissolved
in 5 mL of 1.5 M KOH solution. To this solution (pk: 4) was
added CoGF6H,O (5 mmol) to attain a pH of ca. 3.5 after
homogenization. The solution was heated under hydrothermal
conditions in a 23 mL Teflon vessel at 18Q for 24 h. Then the
heated autoclave was quenched with cold water. Platelike dark
purple crystals of Co[@C(CH,);CO;] were obtained with a small

self-assemble to induce a three-dimensional network of the 3o ount of glutaric acid by filtration. The product was dried in air

previous MnDCn and Co-pimelate. However, this argument
provokes the question of whether other conformations of

alkyl chains are possible, since simultaneous rotations of

alkyl chains due to their conformational freedom could

after off the residual glutaric acid was washed with ethyl alcohol,

and the yield was ca. 70% based on the utilized cobalt.
Physical MeasurementsIR spectra were obtained in the 4600

400 cnt! range using a Nicolet 1700 FT-IR spectrometer. The

construct organic layers of alkyl chains possessing gauchesample was ground with dry KBr and pressed into a transparent

conformations.

In this paper we report the synthesis, single-crystal X-ray
diffraction analyses, and physical characterizations of Co
glutarate, Co[@C(CH,)sCO;] (1). The title compound],
exhibits two-dimensional arrangements of cobalt(ll) cations
interconnected by dicarboxylate anions. Conformational
freedom ofa,w-dicarboxylate ligands in transition-metal-
containing coordination polymers was observed in the crystal
structure of compound. Two distinct conformations (anti
and gauche) in compouridare presented in the alkyl chains
of the glutarate ligands. As far as we know, this is the first
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disk. The Inter-University Center of Natural Science Research
Facilities at Seoul National University performed the elemental
analyses. Thermogravimetric analyses were performed using a TA
Instruments SDT 2960. The samples were placed in platinum
containers, and the data were recorded under a nitrogen atmosphere
(heating rate of 3C/min from room temperature to 20C and 10
°C/min to 1000°C). Magnetic susceptibility measurements were
taken at 5000 Oe from 2 to 300 K, using a Quantum Design SQUID
MPMS7S magnetometer. UWis diffuse reflectance spectra were
recorded between 400 and 1500 nm on a Shimadzu UV-3101PC
spectrophotometer at room temperature.

Single-Crystal X-ray Diffraction. Single-crystal X-ray data
were collected on a Siemens P4 automated four-circle diffractometer
equipped with graphite-monochromated Ma Kadiation ¢ =
0.71079 A). A crystal of dimensions 0.400.36 x 0.32 mn} was
glued to a glass fiber and mounted onto the goniometer. Initial
random search on the crystal resulted in 25 peaks {18.20 <
20.0) that could be indexed with the monoclinic unit cell similar
to the final crystallographic results. Data collections were performed
with thew mode on an octant (2.9Xk 26 < 24.98). Three check
reflections were measured every 100 reflections throughout data
collection and showed no significant variation in intensity. Intensity
data were corrected for Lorentz and polarization effects. Decay
corrections were also made. An absorption correction was applied
on the basis of thep-scan data of six averaged reflections.
Compoundl crystallizes in the monoclinic crystal system. The
pattern of systematic absences observed in the data was consistent
with either the space groupR/c or the space groupc. The centric
space grougP2/c was assumed and confirmed by the successful
solution and refinement of the structure. The structurkisfsolved
by direct methods (SHELX-86) and standard difference Fourier

(13) Hennigar, T. L.; MacQuarrie, D. C.; Losier, P.; Roger, R. D.;
Zaworotko, M. JAngew. Chem., Int. Ed. Engl997, 36, 972.



A Coordination Polymer of Cobalt(ll)-Glutarate

Table 1. Crystal Data and Structure Refinement Parameterd for dark purple when heated over 80, which may be ascribed

empirial formula Co@HsO.  vol (A3 624.1(3) to transformation of the coordination environments of cobalt
fw 189.03 z i 4 ions from octahedral to tetrahedral sites. The pH and
temp (K) 296(2) Dcaica(Mg/n¥) 2.012 ; ; ;

wavelength () 071073 #C(mel) 6.3 concentration of the starting solution, heat treatments, and

washing procedures are critical to obtain crystal samples of

space group P2/c (no.13) goodness-of-fit oR? 1.078

a(é) 14.002(3)  finaRindices RE = 0.0480, high purity. Lower concentrations of the starting solution

b (A) 4.8064(10) [ > 20()] wR2" = 0.1316 ; ; i ;

c ) 9274(3) = Rindices (all data)  Ri— 0.0566, gave g]utarlc aC.Id, and higher pH values.resulted' in cobalt
o (deg) 90 WR® = 0.1601 hydroxide. Starting with a low concentration solution gave

B Egegg 28-50(2) no solid product after hydrothermal treatments. Compound
v (deg

1 (dark purple crystals) transforms slowly to an unknown

pink compound in distilled water, and then produces a

transparent aqueous solution pink in color.
Thermogravimetric analyses were conducted under a

aR1=J||Fo| = IFcll/Z|Fol. ® WR2= [TW(|Fol? — |Fcl)/ 3 W(IFol2)7 V2

Table 2. Selected Bond Lengths (A) and Angles (deg) f8r

Co(1)-0(4) 1.969(3) C(4¥C(5)-C(6) 115.6(3) i iati ion i
Co(1)-0(3) 1981(2) G5y C(6)-O(5 115 6(5) nltrog(_an 1a_ltGrr']A\ospf)ht(re]re.t_g)nly one dlsgnc;t_hmaz;oss reg|?n is
Co(1)-0(1) 1.984(3) O(4)Co(1)-0(3) 106.51(11) seen In ol the utle compound. 1he 0 mass 10ss
8?{%%2) i-ggggg 8@208);88; ﬁg.g%ﬁ)) (300-450 °C) corresponds to the decomposition of the
- _ o , . . . . .
O(2)-Clay 1262(4) O(4-Co(1)-0(2) 121.44(12) Iorganlc chains thrtough thedpyrolys(ljszreagtlciqn. t‘!’hesfave;ght
0O(3)-C(1) 1.261(4) O(3)Co(1)-0(2) 110.28(11) 0SS curve was not o se_rve arou_n @0 indica m_g a
8((8—8&))2’ }gi&lg 8((1;8?1()1)—8% igg%?z()ll) 1 has no hydrate water in the lattice, corresponding to the
_ . " Co ] . .
c)-c2) 1514(5) Cl#-0(2)-Co(l) 112.2(2) absence of bands at above 3000 &in the IR spectroscopic
C(2-C(3) 1.525(5) C(1¥0(3)-Co(1) 117.8(2) data. .
ggg*g(g; 1222&2 8((:139;&(14;)*&2;1) 1133';((32)) The UV—vis reflectance spectra of compouficshow a
Cla)-C(5) 1512(5) 03 C(1)-C(2) 118.7(3) sharg.d-d. absorption co;_rﬁspobndlng gobCo(é 1) |fn7tgéroalrc1jedral
C(5)-C(6) 1.533(5) O(#-C(1)-C(2) 120.4(3) COO.I‘ Ination geometry. € opserved pband o 31
C(6)-C(5f 1.533(5) C(1-C(2)-C(3) 115.2(3) assigned td'Ty(F) <— *Ax(F), and those of 12107, 17483,
8%::88;:8% igg'gg and 19011 cmt are assigned t6T1(P) — “A(F). The crystal
0(2f—C(4)-C(5) 120.7(3) field strength value 4; = 3612 cm?) and the Racah
O(1)-C(4)-C(5) 119.3(3) parameterB = 860 cm't) were calculated using the above

values, which are comparable with those given in the
literature (A, = 4090 cnT?, which is calculated as 449,
andB = 825 cm! for the free ion C&").1°

. _ Structure Determination of Co[O,C(CH2)sCO;] (1). The
techniques (SHELX-97). A summary of crystal data is represented -structure ofl is an inorganie-organic hybrid layered system,

in Table 1, and the selected bond distances and angles are given in . . - . .
Table 2. consisting of inorganic layers of cobalt ions and organic

Cobalt and oxygen atoms were first located, and then the carbonlayersl of glutarate ligands. A unique CO' atom .S|te is
atoms were found by difference Fourier maps. Absorption correc- c0Ordinated to four oxygen atoms, all belonging to different

tions were applied using the SHELX-86 program. Refinements for glutarate ligands, and the Co atom is centered in the
117 parameters were performed by full-matrix least-squares analy-tetrahedron among the four carboxylates (Figure 1). The
sis, with anisotropic thermal parameters for all non-hydrogen atoms glutarate ligands are located roughly along #iaxis. The

and with isotropic ones for all hydrogen atoms. Hydrogen positions replication of this basic unit involves the formation of two-
were separately included in the refinements using the electron dimensional cobalt networks with glutarate ligands being
density map, which defines clearly both the anti and gauche jnterlocked as pillars, leading to a complex three-dimensional
conformations of the glutarate ligands. The final reliability factors layered structure as shown in Figure 2.

converged to R¥) = 0.0480 and wR#") = 0.1316. Two different conformations of glutarate ligands, i.e., anti-
and gauche-forms, are observed in the same ratio (Figure
3). The dihedral angle of the gauche-form in compolinsl
observed to be 6551t is surprising that the conformation
of the ligands of Ce-pimelate reported by Livage et &l.
consists of only anti-forms though both compoubénd

aSymmetry transformations used to generate equivalent atoms:
@x, -y, z—1/2; (b)x,y+ 1,z (c)x,y— 1,z (d) =%, y, —z— 1/2; (e)
X, =Y, z+ 12; (f) —x+1,y, —z+ 1/2.

Result and Discussion

Synthesis. The hydrothermal reaction of cobalt chloride
in the presence of KOH givek as dark purple crystals in
an aqueous solution. Anal. Calcd: C, 31.8; H, 3.2; Co, 31.2.
Found: C, 31.6; H, 3.2; Co, 29.7. FT-IR data (KB(C— Co—pimelate have similar three-dimensional networks. The
H)) are observed at 2957 and 2921 ¢mThe asymmetric  alkyl chains between two terminal carboxyl groups may have
and symmetric vibrations of carboxylate are observed at an enhanced preference to self-assemble all anti conforma-
1580, 1534, 1449, and 1405 ctThe aqueous solution of  tions in some 3D network solids such as the previous MnDC-
the starting materials appeared to be thermochromic, beingn!2 and Ce-pimelate®? These closely related structures of
violet-pink in color at room temperature and changing to alkyl chains belong to one of the categories of supramolecular
isomerismfd

(14) McArdle, P.SHELX-86 and SHELX-97 Users Gujdarystallography

Center, Chemistry Department, National University of Ireland: Gal-
way, Ireland;J. Appl. Crystallogr 1995 28, 65.

(15) Lever, A. B. Plnorganic Electronic Spectroscop2nd ed.; Elsevier:
New York, 1986; Chapters 6 and 9.
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Gauche-form

Anti-form

Figure 1. Coordination ofl. The Co(ll) atom is coordinated to four
glutarate alkyl chains, in a tetrahedral geometry. (Thermal ellipsoids are Figure 3. Two different conformations of glutarate alkyl chains with
given at 50% probability.) C—C—C bond angles in the (a) gauche-form and (b) anti-form.

may result not only from the coordination environment of
CoQ, but also from the short distance between two terminal
carboxylate groups bound to the cobalt ions. For butane, the
energy of the gauche conformationsl kcal/mol higher
than that of the anti conformation, although the energy
minimum may change to construct a three-dimensional
network by the applied strain. These criteria suggest that the
adoption of the gauche conformation may be explained by
Gauche-form reasonable low-energy alternatives as observed in the orga-

5l aorh nodisulfonate systen.
A ,/:2,?’25 / ) The 2-fold axis, parallel to thb-axis in1, stands on the
/. 6. tgléf(;{;n middle of the alkyl chain ligands in both conformations (C(3)

and C(6)), and the rest of the carbon atoms in the alkyl chains
are represented by symmetric operations. The bond angles
of alkyl chains inl happen to vary with the conformations
as shown in Figure 3. For the gauche-form, the €@{5)—

C(6) and C(5)-C(6)—C(5) bond angles are both 115.6
However, in the anti-form, the bond angle of C{I3(2)—
Figure 2. Polyhedral structure view dfalong [010]. The hydrogenatoms ~ C(3) 1S 115.2 and that of C(2)-C(3)-C(2), the middle

of the carboxylate molecules are not shown for clarity. chain, is 109.8 Those of the anti-form id give values close

to the experimental data of the free glutaric acid in the solid
state (115.0 and 109.0, respectively)? Terminal groups

of the carboxylate (OCO) in both forms link the cobalt atoms
in (100) through the synanti mode, leading to an infinite
two-dimensional inorganic layer (Figure 4).

Compoundl presents an exclusive tetrahedral coordination
of CoQ, without sharing edges or corners among the
polyhedra, although most cobalt coordination compounds
with oxygen ligands have a strong tendency to form-Co
O—Co linkages to adopt trigonal bipyrami@@&br octahe-
draP! coordinations. The ©Co—0O bond angles in the

The “gauche effect” in conformational analysis occurs
when the gauche rotamer is more stable than the anti
rotamert®1’ The gauche conformation of compouficcan
be compared with simultaneous rotation of alkyl chains in a
well-known self-assembled monolayer on metal substrates.
In compoundl, the coexistence of both forms in the same
layer may cause disorder or disruption of the metal
carboxylate coordination in the next layer, which results in
the strained self-assembly of alkyl chains with the same
conformation exclusively in a layer. This type of “confor-
mational assembly” or “assembled gauche effect” is rarely
found in inorganie-organic hybrid compounds. The strain (18) Holman, K. T.. Martin, S. M.: Parker, D. P.; Ward, M. D. Am.
Chem. Soc2001, 123 4421.

(16) Wolfe, S.Acc. Chem. Resl972 5, 102. (19) Tarakeshwar, P.; Manogaran,JSMol. Struct.: THEOCHEML996
(17) (a) Wiberg, K. B.; Murcko, M. A,; Laidig, K. E.; MacDougall, P. J. 362 77.
J. Phys. Chem199Q 94, 6956. (b) Wiberg, K. BAcc. Chem. Res. (20) Bu, X.; Feng, P.; Stucky, G. 3. Solid State Chen1997, 131, 387.
1996 29, 229. (21) Feng, P.; Bu, X.; Stucky, G. B. Solid State Chen1997 131, 160.
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A Coordination Polymer of Cobalt(ll)-Glutarate

Figure 5. Polyhedral structure view of projected along [001]. The
Figure 4. ORTEP view of the inorganic layer of CopO(CH,)3;COy] in carboxylate alkyl chains are tilted over the inorganic layer. The hydrogen
(100). The connectivity of CeCO,—Co is shown. (Thermal ellipsoids are ~ atom molecules are not shown for clarity.

given at 50% probability.)

distorted CoQ tetrahedral site range from 99.€0 121.4
(av 110.8). Bonds connecting oxygen atoms in the anti
bridging mode (O(1)}Co—0(4)) happen to bring the mini-
mum bond angle value (99)) and the rest of the angles,
Ogyn—C0—0Ogyn and Qni—Co—Osyn, Show no specific ten-
dency toward the bridging modes. The bond distances of
Co—O0 range from 1.969 to 1.988 A with an average bond
distance of 1.981 A, which is slightly larger than that of
cobalt phosphate compounds in tetrahedral coordination
[Co—O = 1.96 A on average® The bond valence sum
calculations?? depending on the CeO distances, support
the oxidation state+2) of the cobalt ofl.

Each Co atom is located in a pseudo-two-dimensional _. . . . .

Figure 6. Structure view of interlocking alkyl chains of the gauche-form
square network between glutarate layers. The-Cwo between two inorganic CaQayers along [100]. The alkyl chains of the
distances are 4.81 and 4.64 A along treand c-axes, anti-form and hydrogen atoms of the gauche-form are not shown for clarity.
respectively. The carboxylate (OCPDlinkages on the end
of the anti-form ligand are found to connect the Co atoms the end of the alkyl chain, when projected onto the (001)
along theb-axis, and those of the gauche-form ligand to Plane (Figure 5). However, the gauche-form alkyl chains are
connect along the-axis from the other side of the inorganic  twisted, rotating up in left- or right-handed direction as a
plane. Therefore, the planes of the two terminal functional coil, which also build perpendicular pillars between the
groups (OCO)aniand (OCO)gaucheare nearly perpendicular inorganic layers (Figure 6). The gauche-form ligands are
to each other. These two carboxylate groups extending inarranged along thie-axis in a row with the glutarate helices
opposite directions lead each ligand to reside between theof the same handedness. The left-handed and right-handed
inorganic layers alternatively. In addition, they separate eachgauche-forms are located in a row alternatively in one layer.
inorganic layer by 7.01 A (gauche) and 6.99 A (anti) along Both anti- and gauche-form ligands occupy the space in the
the a-axis. The bond angle of the syn bridge in the anti- middle of the metal gl’id, surrounded by the six nearest aIkyI
form, C(1-0O(3)—Co, is 117.8, and that in the gauche- chains in a hexagonal shape. The chaghain distance is
form, C(4-0(2)—Co, is 112.2. That of the anti bridge in ~ about 4.7 A, which implies the framework of compouhd
the anti-form, C(1}O(4)—Co, is 133.7, and that in the is less compact than those of MnOCeompounds, which
gauche_form, C(4—)O(1)—Co, is 126.83. The g|utarate have 4.1 A with all anti conformations.
ligands stack one inorganic layer on top of another that is Magnetic Measurements.The temperature dependence
an identical inorganic layer represented by the symmetry Of the molar susceptibility fof is shown in Figure 7. The
operations. compound shows simple Curi&Veiss antiferromagnetism

The anti-form ligands are tilted over52° with respect ~ above 14 K, with the best linear fit yielding = 2.71 cn?
to the inorganic layer when projected onto the (010) plane K/mol and® = —25.75 K. A small increase of the magnetic
(Figure 2), and bridge each Co atom diagonally to the next susceptibility is observed below 9 K, and a very small

inorganic layer. The gauche-form is also tilted ove52° at amount of paramagnetic impurity was assumed to have a
Curie behavior in this temperature region. The valugyof
(22) (a) Natarajan, S.; Neeraj, S.; Choudhury, A.; Rao, C. NInBrg. at room temperature is 2.52 émol™ K, and the effective

Chem.200Q 39, 1426. (b) Choudhury, A.; Natarajan, S.; Rao, C. N. - .
R. J. Solid State Chen200Q 155, 62, magnetic momentier is 4.49 ug/mol of cobalt. They are

(23) Brown, I. D.; Altermatt, DActa Crystallogr 1985 B41, 244 common values for high-spin complexes in tetrahedr@l"Co
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Figure 7. Magnetic susceptibility (open circles) afplotted asym with
the fit to eq 1 (solid line) angmT (black squares), plotted as a function of
temperature.

centers (4.365.20 ug).?* The susceptibility curve of com-
pound 1 is similar to that of Ce-pimelate, presumably

Lee et al.

the Bohr magnetori\l is the number of spins in the lattice,
S = 3/2, and the coefficient€; = 4, C, = 1.600,C; =
0.304,C, = 0.249,Cs = 0.132 andCs = 0.013. The values
for the intraplanar exchangé@ and the Landeg-factor,
obtained from this formula, are2.42(1) cm! and 2.34(1),
respectively. The cobalt(ll) ions residing in a tetrahedral
geometry have &A, ground state, and thg values are
slightly anisotropic and lie in the range of 2:2.424

Conclusion

A novel layered cobalt(lh-glutarate containing dicar-
boxylate ligands with conformational assembly of two
different conformations has been synthesized by the hydro-
thermal method. A single-crystal X-ray diffraction study of
1 shows the presence of both anti and gauche conformations
of the glutarate alkyl chain layers interlocking the inorganic
layer of Co(l)Q.. The exclusive assembly of ligands with

because two different cobalt dicarboxylate compounds havethis type of conformation gives one of the most important

identical C8" inorganic layers separated by organic ligaffds.
This implies that the exchange pathways for magnetic
coupling mainly correspond to the E®©—C—0O—Co link-
ages within the (100) plane and little interaction via the alky!
chains. The negativ® value is consistent with antiferro-
magnetic interactions between the cobalt atoBis=(3/2).
According to the Lines modép, the high-temperature
susceptibility data (12300 K) can be fit by the expansion
series

Ngzﬂsz 6 G,
30 + Z
= ®n—l

where® = kT/2|J|S(S + 1), g is the Landeg-factor, ug is

(1)
2l

(24) Carlin, R. L.ManetochemistrySpringer-Verlag: New York, 1986.
(25) Lines, M. E.J. Phys Chem Solids197Q 31, 101.
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structural aspects in supramolecular isomerism in coordina-
tion polymers; that is, conformational freedom of the ligands
could be limited by geometrical conditions. This could be
denoted as an example of the coordination gauche effect in
self-assembly. Syntheses of the other transition-metal-
containing complexes applicable to the gauche effect are
under investigation.
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