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The 13C chemical shifts of methylcobalt(lll) compounds with saturated amine ligands in cis positions to the methyl
group and a monodentate ligand, L = CN~, NHs, NO,~, N3~, H,0, or OH~, in the trans position are reported. The
amine ligands used, 1,2-ethanediamine (en), 1,3-propanediamine (tn), N,N’-bis(2-aminoethyl)-1,3-propanediamine
(2,3,2-tet), N,N'-bis(3-aminopropyl)-1,2-ethanediamine (3,2,3-tet), and 1,4,8,11-tetraazacyclotetradecane (cyclam),
all exert an apparent cis influence on the *3C resonance signal of the coordinated methyl group. In the trans-[Co-
(en)2(CHa)(L)]"™* series the 5N resonance frequency of the coordinated en has also been measured. The influence
of L on the en 15N chemical shifts is reverse the influence on the methyl 3C chemical shifts except in the case of
L = NO,~, which affects a further deshielding of the amine nitrogen nucleus. The methyl 1Jcy coupling constants
in the trans-[Co(en)(CHg)(L)]"™* series range from 128.09 Hz (L = CN~) to 134.11 Hz (L = H;0). The crystal
structures of trans-[Co(en),(CHs)(CIZnCl)], trans-[Co(3,2,3-tet)(CHz)(N3)]CIO,, trans,trans-[(CHs)(en),Co(CN)Co-
(en)2(CHs)](PFe)3(CH3CN), and cis-[Co(en),(CHs)(NHs3)]ZnCl, were determined from low-temperature X-ray diffraction

data.
Introduction Chart 1. Representation of the Methylcobalt(lll) Compounds in This
Work?
The properties of a carbanion coordinated to cobalt(lIl) CH. In+
are influenced by the other ligands in the coordination | 8
compound as described by trans and cis influences. This :>c°:z

paper is concerned with methylcobalt(lll) compounds having
four nitrogen donor atoms in cis positions to the methyl group L
(Chart 1). Several such series have been reported in the 2N denotes a nitrogen donor atom.
literature during the last four decades. Most notable is the
naturally occurring corrin-based methylcobalarhamd the
synthetically prepared series with, e.g., tetrapyrrdlesnes?

oximes? mixed imines-oximes® or amine<’, have in many
regards related properties. Literature data fortthas[Co-

(Hdmgy(CHs)(L)] series (Hdmg = dimethylglyoxime)
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Methylcobalt(lll) Compounds with Amine Ligands

coupling constastare influenced by the trans ligand. The With the aim of investigating the influences of the in-
Co—C bond distances in a related series with the tetradentateplane nitrogen donor ligands on the structure, the NMR
ligand N?,N?-propanediylbis(2,3-butanedione-2-imine-3- spectroscopic properties, and subsequently reactivity, we
oxime) show similar dependencié#lso in methylcobal- have prepared a series of compounds with saturated amines
amines and methylcobinamides #H@3CH;) varies substan-  of varying chain length. Th&C chemical shift data of the
tially with the trans ligand.It is noteworthy that a related new compounds are discussed. For the serigsaof[Co-
regularity was found in th#zans[Co(en}(CHs)(L)] ™" series’® (enk(CHg)(L)]™ (L = CN~, NHs, NO;7, H,O, or OH)

The four in-plane nitrogen donor ligands (Chart 1) may methyl **C and 1,2-ethanediamin®N nuclear magnetic
exert cis influences. While several investigations have beenrelaxation data were additionally obtained. Finally, the crystal
devoted to cis influences on L, studies of cis influences upon structures ofrans[Co(en}(CHz)(CIZnCl)], trans[Co(3,2,3-
the properties of the coordinated alkyl group are scarce. A tet)(CHs)(N3)]ClO,, transtrans-[(CHz)(enxCo(CN)Co(eny
comparison of CeCHs bond lengths in oxime-based (CHs)l(PFs)3s(CH3CN), and cis-[Co(enk(CHs)(NH3)]ZnCl4
complexes with those of mixed imir@xime-based com-  are reported.
plexes reveals only small differencesThus, d(*3CHs) ) )
chemical shifts intrans[Co(Hdmgy(py)(CHs)] and trans- Experimental Section

[Co(Hchg)(py)(CHs)] (Hachg = 1,2-cyclohexanedioxime) Caution! Coordination compounds with organic ligands, azide,
differ by less than 0.5 ppi?.On the other hand)(**CHs) and perchlorate are potentially explosive and were handled in
chemical shifts in complexes with different classes of in- quantities of less than 0.1 g.

plane nitrogen donor ligands may show a larger variation.  Materials. [3C]Methyliodide (Sigma, 99 atom %<C), anhy-
For example, the)(*3CH3) chemical shifts intrans[Co- drous hydrazine (Alfa Aesar);N]ethanediamine (Icon Services
(Hdmg)(H,0)(CHs)],8 trans-[Co(eny(CHs)(H20)]#" 5 me- Inc., 99 atom %8°N), KI3CN (Aldrich, 99 atom %4<C), and KG°N
thylcobalamin at low pH, and methylcobinamidespan a  (Aldrich, 98 atom %'N) were used as received*¢]Methylhy-
range of 9.5 ppm. The kinetics and thermodynamics of drazing was prepared fron#3C]methyl iodide and anhydrous
methyl group exchange between cobalt complexes with hvdrazinet?

various tetraaza macrocyclic ligands show large variafions. Ve::i‘;:tﬂiet;t:ﬁg’v”é g'ohgmiﬂpscégaegggé?:f‘;;’fgg (‘;irt] g'/';r;r?” a
A related example of cis influence is the alkyl exchange

between cobalt(lll) complexes of different tetrapyrroles. Mercury 300 NMR spectrometetiC, *N, and*Co specira were

. . . measured on 5 or 10 mm broad-band tunable probes. Deuterium
Interestingly, it was found that the €& bond was stabilized  J i10 was used as a solvent to provide a deFL)Jterium |6¥R

by increasing the saturation of the tetrapyrrole macroc¥cle. chemical shift valuesd) are reported in parts per million relative
It is also noteworthy that seemingly small modifications of g the peak for the methyl group of internal sodium 2,2-dimethyl-
the cis ligand may have a marked effect on reactit/ity. 2-silapentane-5-sulfonate (DS$IN chemical shift valuesy) are
This has been exploited in organic synthesis using oxime- reported relative to the peak for neat nitromethadie=(0) in a

based complexedcd coaxial NMR tube* Spin—lattice relaxation timesT;) were
The saturated analogue to methylcobalamin model com- determined b_yinversiOHrec_overy. Spiﬁ;pin relaxation times‘l{?)
poundsfrans[Co(en}(CHs)(NHg)]2, can be preparéelby were determined by the spirecho technique. The relaxation times

were obtained by fitting of an exponential function to the integrals

. . of the peaks using the spectrometer system software. Solutions for
formation of the former has been propoSétb proceed with NMR were usually 0.2 M with respect to the coordination

cis-[Co(en}(CHs)(NH3)]*" as an intermediate. In this paper  comoound when using samples with natural abundakiee

itis shown that the cis isomer can be obtained preparatively glemental analyses were made at the Microanalytical Laboratory
by replacing water with acetonitrile as a solvent for the at the Department of Chemistry, University of Copenhagen.
exchange reaction. Thens[Co(en)(CHs)(NH3)]?" cation Preparations. All methylcobalt(lll) compounds used in this study
benefits from being suitable for investigations of exchange were prepared by ligand substitution of the pentaamminemethyl-
reactions in the trans position to the methyl group, and the cobalt(lll) cation as previously reporté&éiThe derivatives with an

ligand exchange of [Co(N§k(CHs)]?". In aqueous solution

kinetics of substitutions with cyanide or azidetians[Co- aqua ligand trans to the methyl group were used for further ligand
(enk(CHz)(H,0)]** have been studied in detail by van Eldik substitutions in this positioft.All work was performed in dim light.
and his groug?ab trans-Aquabis(1,2-ethanediamine)methylcobalt(l11) Bromide.

A 0.5 g (1.57 mmol) amount of pentaamminemethylcobalt(lIl)
(9) Needham, T. E.; Matwiyoff, N. A.; Walker, T. E.; Hogenkamp, H. P. bromide was added to a solution of 240 (3.59 mmol) of 1,2-

C.J. Am. Chem. So0d973 95, 5019. ethanediamine in 10 mL of water. The mixture was stirred at room
(10) gipta, B. D.; Qanungo, Kl. Organomet. Chenl997 543 125~ temperature for 72 h and then filtered. The filtrate was taken to

(11) () Gupta, B. D.; Roy, M., Das, I.. Organomet. Chem99Q 397, dryness by rotary evaporation at 80. The solid was dissolved in

219-230. (b) Dodd, D.; Johnson, M. D.; Lockman, B.1.Am. Chem. water (1 mL). Methanol (5 mL) followed by acetone (10 mL) was
Soc 1977, 99, 3664-3673. (c) Wright, M. W.; Smalley, T. L.; Welker, added, and the mixture was left overnight &Gl The pink solid

M. E.; Rheingold, A. L.J. Am. Chem. S0od 994 116, 6777-6791. ; i i ir_dri
(d) Branchaud, B. P.: Choi, Y. Tetrahedron Lett1988 29, 6037- was collected by filtration, washed with acetone, and air-dried at
6038.

(12) (a) Hamza, M. S. A.; Deker-Benfer, C.; van Eldik, Rnorg. Chem (13) Anthoni, U.; Larsen, C.; Nielsen, P. lActa Chem. Scand 968 22,
200Q 39, 37773783. (b) Alzoubi, B. M.; Hamza, M. S. A.; Toker- 1025-1035.
Benfer, C.; van Eldik, REur. J. Inorg. Chem2002 968-974. (c) (14) Mason, J. IrEncyclopedia of Nuclear Magnetic ResonanGeant,
Ducker-Benfer, C.; Hamza, M. S. A.; Eckhardt, C.; van EldikHRrr. D. M., Harris, R. K., Eds.; Wiley: New York, 1996; Vol. 5, pp 3222
J. Inorg. Chem200Q 1563-1569. 3251.
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20°C. Recrystallization followed the same procedure. Yield: 0.48
g (82%). Anal. Calcd for CogH,1N4,OBry: C, 16.14; H, 5.69; N,
15.06. Found: C, 16.62; H, 5.79; N, 15.62.
trans-Aquabis(1,3-propanediamine)methylcobalt(lll) Bro-
mide. A 0.5 g (1.57 mmol) amount of pentaamminemethylcobalt-
(1) bromide was added to a solution of 3QQ (3.6 mmol) of
1,3-propanediamine in 20 mL of water. The mixture was stirred at
room temperature for 72 h and then filtered. The filtrate was taken
to almost dryness by rotary evaporation at°@ The solid was
dissolved in methanol (5 mL), ethyl acetate (45 mL) was added,
and the mixture was left overnight at°€. The pink solid was
collected by filtration, washed with ethyl acetate followed by
washing with diethyl ether, and air-dried at 2G. The product
was recrystallized from methanol by addition of ethyl acetate.
Yield: 0.22 g (35%). Anal. Calcd for CoBl,sN4OBr,: C, 21.02;
H, 6.30; N, 14.01. Found: C, 21.20; H, 6.13; N, 14.05.
trans-Aqua(2,3,2-tetymethylcobalt(lll) Bromide. A 0.5 g (1.57
mmol) amount of pentaamminemethylcobalt(lll) bromide was added
to a solution of 29QuL (1.74 mmol) of N,N'-bis(2-aminoethyl)-
1,3-propanediamine (2,3,2-tet) in 10 mL of water. The mixture was
stirred at room temperature for 48 h and then filtered. The filtrate
was taken to dryness by rotary evaporation at°60 The solid
was dissolved in methanol (25 mL), ethyl acetate (100 mL) was
added, and the mixture was left overnight &Gl The pink solid
was collected by filtration, washed with ethyl acetate followed by
washing with diethyl ether, and air-dried at 2CG. The product
was recrystallized from water (2 mL) by addition of tetrahydrofuran
(20 mL). Yield: 0.40 g (62%). Anal. Calcd for C@B2sN4OBr,:
C, 23.32; H, 6.12; N, 13.60. Found: C, 23.82; H, 6.13; N, 13.80.
trans-Aqua(3,2,3-tet)methylcobalt(lll) Bromide. A 0.5 g (1.57
mmol) amount of pentaamminemethylcobalt(lll) bromide was added
to a solution of 33QuL (1.8 mmol) of N,N'-bis(3-aminopropyl)-
1,2-ethanediamine (3,2,3-tet) in 10 mL of water. The mixture was
stirred at room temperature for 48 h and then filtered. The filtrate
was taken to dryness by rotary evaporation at°60 The solid
was dissolved in methanol (25 mL), ethyl acetate (100 mL) was
added, and the mixture was left for 48 h at@. The pink solid
was collected by filtration, washed with ethyl acetate followed by
washing with diethyl ether, and air-dried at 2CG. The product
was recrystallized from methanol by addition of ethyl acetate.
Yield: 0.37 g (55%). Anal. Calcd for CafEl,;N4OBr,: C, 25.37;
H, 6.39; N, 13.15. Found: C, 25.65; H, 6.33; N, 13.12.
trans-Aqua(l1,4,8,11-tetraazacyclotetradecane)methylcobalt-
(1) Bromide. A 0.5 g (1.57 mmol) amount of pentaammine-
methylcobalt(lll) bromide was added to a solution of 0.47 g (2.34
mmol) of 1,4,8,11-tetraazacyclotetradecane (cyclam) in 20 mL of
water. The mixture was stirred at room temperature for 72 h and
then filtered. The filtrate was taken to dryness by rotary evaporation
at 60°C. The solid was suspended in methanol (10 mL), collected
by filtration, washed with methanol, and air-dried at°ZQ Yield:
0.46 g (65%). Anal. Calcd for CagH,gN4OBr,: C, 29.22; H, 6.47;
N, 12.39. Found: C, 29.93, H, 6.59; N, 12.40.
trans,transu -Cyanobis(bis(1,2-ethanediamine)methylcobalt-
(1) Hexaflourophosphate. A 0.9 g (3.18 mmol) amount of
pentaamminemethylcobalt(lll) nitrate was added to a solution of
470 uL (7.0 mmol) of 1,2-ethanediamine in 3 mL of water. The
solution was stirred at 28C for 24 h. To the filtered solution was
added 80 mg (1.6 mmol) of sodium cyanide in 1 mL of water,
followed by 2.0 g (11.9 mmol) of sodium hexafluorophosphate in
3 mL of water, whereby [(CE)(en),Co(CN)Co(en)(CHs)](PFs)3
precipitated. The mixture was left at€ for 2 h. The yellow solid
was collected by filtration, washed with ice-cold water, and air-
dried. Recrystallization was performed from acetonitrile (10 mL)
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by addition of diethyl ether (90 mL). Yield: 0.65 g (48%). Anal.
Calcd for CaCyiH3gNgPsF15: C, 15.56; H, 4.51; N, 14.84. Found:
C, 15.00; H, 4.36; N, 14.93.

cisAmminebis(1,2-ethanediamine)methylcobalt(lll) Hexa-
flourophosphate. A 10.0 g (22.3 mmol) amount of pentaam-
minemethylcobalt(lll) hexaflourophosphate was added to a solution
of 3.4 mL of 1,2-ethanediamine (51 mmol) in 500 mL of
acetonitrile. The suspension was stirred at’@0for 18 h. At the
end of this period, the reaction mixture was filtered, and the filtrate
was added to diethyl ether (2.5 L), whereby an orange oily
precipitate formed. The supernatant was decanted off, and the oily
precipitate was stirred overnight with 1,4-dioxane (500 mL),
resulting in a solidification of the precipitate. The orange crystals
were filtered off, washed well with 1,4-dioxane, and air-dried at
20 °C. Yield: 2.6 g (23%). Anal. Calcd for Cal,:NsPF2: C,
11.98; H, 4.43; N, 13.98. Found: C, 12.03; H, 4.07; N, 13.90.

cisAmminebis(1,2-ethanediamine)methylcobalt(lll) Tetra-
chlorozincate. A saturated solution of NfZnCl,] was added to a
saturated solution afissamminebis(1,2-ethanediamine)methylco-
balt(lll) hexaflourophosphate in water, resulting in an immediate
precipitation ofcis;amminebis(1,2-ethanediamine)methylcobalt(l1l)
tetrachlorozincate. Anal. Calcd for Celd»:NsZnCl,: C, 14.35; H,
5.30; N, 16.74. Found: C, 14.29; H, 5.07; N 16.67.

X-ray Crystallography. Crystals oftrans,transf(CHz)(en)Co-
(CN)Co(en)(CHa)](PFs)3(CH3CN) (1) were grown by diffusion of
diethyl ether into a saturated solution bfn acetonitrile. Crystals
of trans[Co(enk(CHs3)(ZnCly)] (2) were grown by diffusion of an
aqueous solution dfans[Co(en}(CHz)(H,0)](NO3), into a solu-
tion of Na[ZnCl,]. Crystals oftrans[Co(3,2,3-tet)(CH)(N3)]CIO,4
(3) were grown by diffusion of an aqueous solutiontiEns-[Co-
(3,2,3-tet)(CH)(H,0)]SO, in 1 M NaN; into a saturated solution
of NaClQy. Crystals ofcis[Co(en)(CHs)(NH3)]ZnCl, (4) were
grown by diffusion of an aqueous solutiondinto saturated NaCl.

Low-temperature X-ray diffraction data dfand2 were collected
with a CAD4 diffractometer using graphite (002) monochromated
Mo Ka radiation. The temperature was set to 122 K, adjusted by
the tetragonal to orthorhombic phase transition of,REy at this
temperature. The cell dimensions were determined from 24 reflec-
tions in thed range 19.26:22.37 for 1 and 19.3722.52 for 2.
Data were collected for 11917 reflectiorid &nd 15064 reflections
(2), including standards in the octanth; £k, £I (1° < 6 < 30°)
for 1 andh, k, I (1° < # < 35°) for 2. The intensities of five
standard reflections were measured every 10000 s. The data set
from 1 showed a small systematic decrease of 4%, for which it
was corrected using a polynomial fit to third order. Table 1 lists
the crystal data and the final refinement results. Data reduction,
including corrections for Lorentz, polarization, and absorption
effects, was done using the DREADD program stfiteThe
absorption correction was performed with the Gaussian integration
procedure. Both structures were determined by direct methods
(SHELXS-86)1% and subsequently refined using SHELXL%7
by minimizing S w(|F,|? — |F¢?)2. Totals of 9356 1) and 6157 2)
unique reflections were used in the refinement of the 4)%&0d
193 @) parameters. The conventiorialvalue was calculated from
7701 (1)/5049 @) reflections with|Fo| > 4o(|F,|).

Data collected with a Nonius KappaCCD diffractometer on a
single crystal cooled to 122(1) K were used for the crystal structure
determinations of3 and 4. The temperature was monitored as
previously described. The COLLECT progrétwas used for the
data collection of the 51968) and 91306 4) reflections. Unit
cell parameters were obtained lgy/y scan&®¢ and refined in
DIRAX.1f The data were integrated with EvalCGB.Numerical
absorption correctidi"was performed in maXu$! The structure
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Table 1. Crystallographic Data for Complexds-4

1 2 3 4

empirical formula CeC13H41N10P3F18 CsH19Cl4CoNyZn CoH25CICON;O4 CsH,Cl4CoNsZn
fw 890.33 401.34 389.74 418.38
temp (K) 122(2) 122(2) 122(2) 122(2)
wavelength (A) 0.71073 0.71073 0.71073 0.71073
cryst syst, space group monoclinR2:/n orthorhombicPbca monoclinic,P2;/c orthorhombicP2,2,2;
unit cell dimens

a(h) 11.816(2) 9.406(2) 10.145(2) 7.654(2)

b (A) 15.903(3) 12.070(3) 22.277(3) 13.368(2)

c(A) 17.163(5) 24.719(5) 13.070(2) 14.662(2)

S (deg) 93.51(3) 146.55(3)
vol (A3) 3219.0(12) 2806.4(11) 1628.3(6) 1500.2(5)
Z, density(calcd) (Mg/$) 4,1.837 8, 1.900 4,1.590 4,1.852
abs coeff (mm?) 1.208 3.629 1.247 3.400
no. of reflns collected/unique  11521/9356{R 0.0275] 13486/6157[R= 0.0162] 51968/3744[R = 0.031] 91306/12359[R = 0.027]
final Rindiceg [I > 20(1)] R, = 0.0583R,(F?) =0.1642 R;=0.0318R,(F) =0.0601 R;=0.0575R,(F? =0.2037 R;=0.0306,R\(F? = 0.1253
Rindices (all data) R;=0.0734,Ry(F? = 0.1788 R;=0.0450,R,(F? = 0.0623 R;=0.0667,R,(F? =0.2235 R;=0.0405R,(F? =0.1506

ARy = 3||Fo| — IFcll/Z|Fol; Ru(F?) = [YW(Fe? — FAHYw(Fo2)A Y2

was solved with SIR9? and refined by full-matrix least-squares
on F2in SHELXL-9715¢ Totals of 3744 8) and 123594) unique
reflections were used in the refinement of the 18Pgnd 146 4)
parameters. The conventiorg{ value was calculated from 3459
(3)/11668 &) reflections with|F,| > 4o(|F,|). All non-hydrogen
atoms were refined with anisotropic displacement parameters. The
hydrogen atoms (except for the hydrogen atoms in the acetonitrile
molecule inl) could be identified in the difference electron density
maps. In structuredl, 3, and 4 these hydrogen atoms were
introduced on ideal positions riding on the parent atom2 the
positional parameters of the hydrogen atoms were included in the
refinement. The thermal parameters were made equad of the
parent C or N atom multiplied by 1.2 or 1.5, respectively. Details
of the crystal data and refinement are given in Table 1.

Results and Discussion

SynthesesIn aqueous solution exchange of the ammine
ligands in the pentaamminemethylcobalt(l1) cation with tn, Figure 1. Ortep(lly> 50% probability plots of the cation if.

2,3,2-tet, 3,2,3-tet, and cyclam invariably yields the trans o ]

change with en. Subsequent exchange of the trans aqua liganfiave yet to be elucidated.

with stronger ligands occurs with conservation of the  Whereas organocobalt(lll) compounds with open chain
stereochemistry for complexes with en, 2,3,2-tet, and cyclam. amine ligands are relatively new, cyclam-based compounds
Addition of cyanide, nitrite, or strong base results according have been in the literature for three decades. The preparation
to 13C NMR measurements in further substitution reactions of trans-[Co(cyclam)(CH)(OH,)]>" was first carried out us-

ing trans[Co(cyclam)(OH),]?" as a trap for methyl radicafs,

(15) (a) Blessing, BCrystallogr. Re. 1987, 1, 3-58. (b) Sheldrick, G. which in turn were produced by photolysis of [Co(}JHO.-

M. SHELXS-86. Program for Crystal Structure Determination 2+ ; ;
University of Gdtingen: Gitingen, Germany, 1986. (c) Sheldrick, CH3)] ’ SUbsequemly' prepgratlve procedures.employlng
G. M. SHELXL97. Program for the Refinement of Crystal Structures ~ trans-[Co(Hdmg}(H-O)(CHs)]® or methylhydrazin® as
University of Gdtingen: Gidtingen, Germany, 1997. (d) Nonius BV. i i i
“Collect” data collection software Delft, The Netherlands, 1999. (e) meth).llat.mg agents have be.en published. AIthOUgh Ilggnd
Duisenberg, A. J. M’ Hooft’ R. W. W, Schreursy A. M. M, Kroon’ SUbStItUtIOI’] Of the pentammlnemethy|00ba|t(|||) CatIOI’\ In-

J.J. Appl. Crystallogr200Q 33, 893-898. (f) Duisenberg, A. J. M. directly makes use of methylhydrazine, the present method

J. Appl. Crystallogr.1992 25, 92—-96. (g) Duisenberg, A. J. M. A .
Reflections in area detectors. Ph.D. Thesis, University of Utrecht, The benefits from the S|mple WorkuD procedure.

Netherlands, 1998. (h) Coppens, P .Grystallographic Computing It is interesting that formation of each of the two isomers
Agmed, F. R, Hall, S. R., Huber, C.P, Eds.; Munksgaard: Copen- fthe [C CH(NH-)12* cati b trolled al
hagen, Denmark, 1970; pp 25870. (i) Mackay, S.; Gimore, C. J.;  Of the [Co(en)(CHz)(NH3)]*" cation can be controlled alone

Edwards, C.; Tremayne, M.; Stuart, N.; Shankland.MaXus: a by the choice of solvent. As expecté?dpisr[Co(en)g(CHg)-

computer program for the solution and refinement of crystal structure P .
diffraction data University of Glasgow: Glasgow, Scotland, U.K.; (NH3)] |_somer|zes and hydrOIyzeS tmns'[_co(enk(CHa'
Nonius BV: Delft, The Netherlands; MacScience Co. Ltd.: Yoko- (H>O)]?" in aqueous solution upon standing at room tem-
hama, Japan, 1998. (j) Altomare, A.; Burla, M. C.; Camalli, M,; ;

Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Moliterni, A. G. G.; perature for a pmlonged perIOd'

Porl1idori, % Sgagna, Rl Apﬁl-, Crlystallogr193989 gZ,kll_5d—119- (K | Description of the Crystal Structures. The structures of
Johnson, C. KORTEPII Technical Report-5138; Oak Ridge National : s : :

Laboratory: Oak Ridge, TN, 1976. (I) Cambridge Crystallographic the cations inl—4 are ShO_Wn '_n F!gureS&.‘l' In all f.OUI’
Data Center (CCDC), Cambridge, U.K. structures the cobalt(lll) ion is six-coordinated with ap-
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Figure 4. Ortep(l1}'5k 50% probability plots of the cation ia.

proximately octahedral geometry. The-©6H; bond length
is between 1.972(3) and 1.9804(18) A (Table 2), which is
close to that found for related compourfdsihe cobalt-

atoms are typical for aminecobalt(lll) compounds, and the
most prominent structural feature is the elongation of the

bond trans to the methyl group.
2684 Inorganic Chemistry, Vol. 43, No. 8, 2004
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Table 2. Selected Bond Distances (A) and Angles (deg) for the

Col-C2
Col-C1
Col-N11
Col-N12
Col-N13
Col-N14
C1-N3

C2-Col-C1
Col-C1-N3

Co—C5
Co—N1
Co—N3
Zn—ClI1
Zn—CI3

C5-Co—CI3
Co—C1
Co—N2

Co—N4
N6—N7

Co—N6—N7
Co—C1

Co—N2
Co—N4

C1-Co—N3

Complex1
1.974(3) Co2C4
2.023(3) Co2N3
1.964(2) Co2N21
1.970(3) Co2N22
1.962(3) Co2N23
1.967(3) Co2N24
1.155(4)

178.10(12) C4Co2—N3
175.9(2) Co2N3—-C1
Complex2

1.9804(18) CeCI3
1.9545(16) CeN2
1.9628(16) CoN4
2.2777(6) Zr-Cl2
2.3203(6) Zr-Cl4
178.37(6) Ce-CI3—Zn

Complex3
1.980(3) Ce-N6
1.980(3) Ce-N3
1.987(3) Ce-N5
1.173(4) N7N8
142.5(3) N6-N7—N8

Complex4
1.978(2) CeN1
1.964(2) Ce-N3
1.975(2) Ce-N5
173.61(8) C+Co—N1

1.972(3)
2.020(3)
1.969(2)
1.967(3)
1.967(3)
1.965(2)

177.68(12)
175.6(2)

2.5225(6)
1.9690(15)
1.9696(16)
2.2496(7)
2.2394(6)

115.42(2)
2.098(3)
1.996(3)

1.967(3)
1.178(5)

177.6(4)
1.985(2)

2.092(2)
1.982(2)

88.36(8)

It is difficult to distinguish the C and the N atoms in the
cyano bridge ofl. Therefore, this compound is likely to be
disordered with respect to this bond. This can explain why
we cannot distinguish the Ce2\3 bond length of 2.020(3)

A and the Co+C1 bond length of 2.023(3) A. This does
not, however, change the observation that,,ithe cobalt-
cyanide distances of 2.023(3) and 2.020(3) A to C and N,
respectively, are significantly longer than observed in related
cyano-bridged compounds. In pentacyanocobalt(jtFcy-
anopentaamminecobalt(lll) monohydrdt¢he two distances
are only 1.886 and 1.921 A, respectively. The bridgirg C
N distance of 1.152(5) A in the latter complex is, however,
not significantly different from that il (Table 2). The Ce-
C—N and Co-N—C angles are on the other hand signifi-
cantly larger inl (175.9(2) and 175.6(2), respectively) than

in pentacyanocobalt(lty u-cyanoopentaamminecobalt(lll)
monohydrate (172.4(3and 159.8(3), respectively). In the
related cubic [(tacRLC0s(CN)o]*?" (tacn= 1,4,7-triazacy-
clononane) the correspondi§gangle is 177(2), thereby
demonstrating some flexibility of this structural motif.

A search in the Cambridge Structural Databasevealed
no preceding reports on X-ray crystal structures of tetra-
chlorozincate(ll) coordinated to cobalt(lll). ) the distance
between the cobalt atom and the bridging chloro ligand of
2.5225(6) A is very long compared to, e.g., the-ad
distance of 2.325(9) A im-chlorou-amidooctaamminedi-
cobalt tetrachloride tetrahydrat& The Zn—Cl distance of
nitrogen bond distances of the cis amine nitrogen donor the bridging chloro ligand is significantly elongated com-

(16) (a) Wang, B.; Schaefer, W. P.; Marsh, R.lEorg. Chem 1971, 19,
1492-1497. (b) Berseth, P. A.; Sokol, J. J.; Shores, M. P.; Heinrich,
J. L; Long, J. RJ. Am. Chem. So200Q 122, 9655-9662.
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Table 3. 13C Chemical Shift Data
O(**CHy) O(*3CH) (ppm)
compound (ppm) (number of C nuclei)
trans{Co(en}(CHz)(N3)] "} 1.6 44.5 (4C)
trans{(CHs)(enpCo(CN)Co(emn) (CHz)]3* i 5.1 46.5 (4C), 46.2 (4C)
13.1
trans{Co(tn)(CHz)(OHy)]2* —4.2 40.2 (4C), 28.3 (2C)
trans{Co(2,3,2-tet)(CH)(CN)]* b 11.0 57.1 (2C), 53.6 (2C), 42.9 (2C), 30.0 (1C)
trans{Co(2,3,2-tet)(CH)(NH3)]2* 5.8 55.7 (2C), 51.1 (2C), 42.8 (2C), 29.7 (1C)
trans{Co(2,3,2-tet)(CH)(NO,)]* 3.6 55.5 (2C), 50.8 (2C), 43.4 (2C), 30.0 (1C)
trans{Co(2,3,2-tet)(CH)(N3)] "I 23 56.0 (2C), 51.9 (2C), 43.5 (2C), 30.1 (1C)
trans{Co(2,3,2-tet)(CH)(OHy)]2* 0.1 55.7 (2C), 51.3 (2C), 43.4 (2C), 29.9 (1C)
trans{Co(2,3,2-tet)(CH)(OH)]* ¢ —-0.5 55.1 (2C), 50.8 (2C), 43.1 (2C), 29.9 (1C).
trans{Co(cyclam)(CH)(CN)]*+ & 7.0 55.0 (2C), 53.5 (2C), 52.1 (2C), 48.6 (2C), 29.6 (1C), 29.5 (1C)
trans{Co(cyclam)(CH)(NHz)]2* 5.4 53.5 (2C), 52.7 (2C), 50.8 (2C), 48.5 (2C), 29.4 (1C), 29.2 (1C)
trans{Co(cyclam)(CH)(NOy)] * 4.7 53.2 (2C), 53.1 (2C), 50.9 (2C), 48.7 (2C), 29.5 (1C), 29.4 (1C)
trans{Co(cyclam)(CH)(N3)] "I 2.8 53.9 (2C), 53.1 (2C), 51.4 (2C), 48.6 (2C), 29.5 (1C), 29.4 (1C)
trans{Co(cyclam)(CH)(OHy)]>* 1.8 53.7 (2C), 53.1 (2C), 51.4 (2C), 48.6 (2C), 29.5 (1C), 29.4 (1C)
trans{Co(cyclam)(CH)(OH)]* ¢ 0.3 53.2 (2C), 53.0 (2C), 50.9 (2C), 48.7 (2C), 29.7 (1C), 29.5 (1C)
trans{Co(3,2,3-tet)(CH)(N3)] * 9 —0.4 52.1 (1C), 51.9 (1C), 50.1 (1C), 47.3 (1C), 40.6 (1C), 38.8 (1C), 27.8 (1C9, 27.6 (1C)
cis-[Co(eny(CHz)(NH3)]2* 1.6 47.0 (1C), 45.9 (1C), 45.7 (1C), 44.5 (1C)

aThe solutions were 0.2 M in D and measured at 300 K.2Jcc(trans)= 23.7 Hz.¢6(CN) = 167.1 ppmJIn 5 M NaOD. ¢ 2Jcc(trans)= 22.2 Hz.
f§(CN) = 165.3 ppm 9 In acetonitrileds. " 2Jcc(trans)= 25.7 Hz.' §(CN) = 171.7 ppmJ In 1 M NaNs.

pared to the remaining ZrCl distances. This has also been
observed, e.g., in a structure of a copper(ll) compléxt
we calculate a least-squares plane created by the four amine
groups, the Co atom seems to be pushed out of this plane
by the bulky tetrachlorozincate(ll) ligand by 0.031(1) A. This
has apparently no influence on the cobattethyl distance,
which is 1.980(2) A.

The Co-N distance of 2.098(3) A to the azido ligand in
3 is similarly considerably larger than th&tof [Co(NHy)s- o P P
(N3)I(N2)» (1.943(5) A). The two N-N distances in the azido 2 48 44 40 36 32 pem

. - . . . - Figure 5. CH, region of the’3*C NMR spectrum otrans-aqua(1,4,8,11-
ligand are within uncertainty identical (Table 2). This is also tetraazacyclotetradecane)methylcobalt(lll) bromide ¥DThe spectrum

is consistent with the coordinated cyclam adopting tR2R,3S4Sisomer
among the five configurational trans isomers.

in contrast to the coordinated azide in [Co(})#fiN3)](N3)2,
where the two bond distances are significantly diffef&nt

) ) . 4 - g
as is also found in hydrazoic aéf a_nd n methyl azide? show one, two, and folfC signals, respectively, in the trans
The fact that the structure of the azido ligand resembles thatisomers. The coordinated cyclam shows &% signals

of uncoordinated azide is probably a manifestation of the consistent with the R,2R.354S isomer (Figure 5). The

trans influence of the methyl group. o coordinated 3,2,3-tet shows eight signals because this tetraaza
The structure of the cation i, cisamminebis(1,2-  |igand coordinates as thes3S isomer whereby all carbon
ethanediamine)methylcobal(lll), may be compared with the 1, ,qjej are differently shielded. The coordinated 3,2,3-tet thus

previously reportetd structure of the trans isomer. The-€6 adopts the same geometry as cyclam except that @é,—
distances of 1.975(2) and 1.984(2) A, respectively, are ¢y, prigge is lacking in the former. Complexes with one
similar. However, while the cobatammine bond distance ¢ the pitrogen donor atoms in a trans position to the methyl
of 1.985(2) A in4 is typical for amminecobalt(lll) com- group would, however, also give eight signals. X-ray

p_our_u_js, the cobattammine distance ig&the trans isomer is crystallography ofrans[Co(3,2,3-tet)(CH)(N3)|CIO. (above)
significantly longer, namely, 2.127(2) ZAConversely, iM —  gpo5 that it is the trans isomer which is obtained from
the Co-N distance to the trans amine ligand is 2.092(2) A, aqueous solution.

which is 0.118(9) A longer than the average of 1.974(9) A A qdition of a less than stoichiometric amount of Cho

of the three cis amine groups. _ trans-[Co(en)(CHs)(H20)J?" yields an equilibrium mixture
NMR Spectroscopic Characterization. The geometric of the mononuclear aqua complex, the dinucteamstrans

isomers resulting from the exchange reactions with Sat“rated[(cH3)(en)zCo(CN)Co(en;)(CH 2)]3*cation, and thérans[Co-

amines can in most of the present cases be deduced fro”{en)z(CHg)(CN)F cation as evidenced B§C NMR. Thel3C

the number of'3C resonance signals from the coordinated NMR spectrum of the doubly3C enrichedtranstrans

amine (Table 3). Thus, the coordinated en, tn, and 2'3’2'tet[(13CH3)(en)ZCo(BCN)Co(en)(BCH3)](PF5)3 (Figure 6) shows

the coexistence of the three entities. The doublet at 13.1 ppm

(BJcc = 25.7 Hz) is assigned to the methyl group at the

cyano-C-bonded cobalt(lll) ion, while the singlet at 5.1 ppm

is assigned to the methyl group at the cyano-N-bonded metal

ion. The latter resonance signal is split into a doutA&; ¢

(17) (a) Barro, R.; Marsh, R. E.; Schaefer, W.IRorg. Chem 197Q 9,
2131-2137. (b) Gladkikh, O. P.; Curtis, N. F.; Heath, S. Acta
Crystallogr. 1997, C53 197-200.

(18) (a) Palenik, G. JActa Crystallogr.1964 17, 360-367. (b) Amble,
E.; Dailey, B. P.J. Chem. Phys195Q 18, 1422. (c) Livingston, R.
L.; Rao, C. N. RJ. Phys. Chem196Q 64, 756—759.
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C

-100 -110 -120 -130 ppm

14 12 10 8 6 4 2 0 ppm Figure 7. 15N NMR spectra in RO: (A) trans[Co([*5N]en)(CHs)(CN)]-
Figure 6. Cyano region (A) and methyl region (B) of tH6C NMR (PFRy); (B) saturated solution dn‘ans,?rans[(CHg)([wN]en)zCo(CN)Co([L5N]-
spectrum of a saturated solution of the doub¥¢ enrichedtranstrans enp(CH)]Br; (C) saturated solution afanstrans[(CHs)(enpCo(C*N)-
[(13CHs)(enkCo@CN)Co(en)(X3CHs)](PFs)s in D2O. (C) Methyl region of Co(en} (CHy)|Bra.
a saturated solution afanstrans-[(*3CHs)(en)Co(C*N)Co(en}(*3CHa)]-

(PFR)s in D;0. Table 4. NMR Data for 0.2 Mtrans[Co(en}(CHsz)(L)]™" in D20 at
300 K

= 8.1 Hz) in the™N-enrichedtranstrans-[(**CHs)(en)Co- ety

(CI5N)Co(en)(:*CHy)J**. It may be noted that the two methyl 1 ) > Zoma® ey Ly TNl

13C resonance signals transtrans-[(CHz)(enxCo(CN)Co- CN- 128.09 553t 0.11 106.2: 5.3 —405.5 20.84-0.44 176.2+ 21.4

(enk(CHy)]®" are typical for methyl groups trans to C and NH; 131.10 4.04£0.20 28.6£0.3 —403.5 2367013 51.6+ 1.4
N, respectively (Table 3). ThHEN spectrum (Figure 7C) of ~ NOz 12981 4.15£0.22 10.7:02 —397.8 20.78:0.40 22.2:0.8

R 1 .5 N3~ 133.00 nm nm —401.0 nm nm
a saturated solution dfanstrans[(*3CHz)(enkCo(C*N)- OH, 134.11 3.95t 0.33 4.33+ 0.02 —400.6 24.13t0.29 14.7+ 0.3
Co(en)(**CHs)](PFe); shows a major singlet from theans OH- 129.04 2.840.18 38.0+2.8 —399.9 19.40t 0.83 82.6+ 2.0

[Co(en}(CH3)(C'™N)]* cation and a minor poorly resolved aTy(5°Co) = 1074+ 1 us. Ty(%3Co) = 110+ 1 us.  nm= not measured.
doublet which by virtue of its 8.1 Hz splitting is assigned to
the bridging cyano group in the dinuclear entity. The two P(OCHCH;); ~ P(GHs)s > N-methylimidazole~ pyridine
15N signals (Figure 7B) in a saturated solutiortr@instrans > H;0). It appears that a strong-field ligand results in a
[(CH3)([**N]en)Co(C*N)Co([**N]en)(CHz)](PFs); are as- relative deshielding of the methiC nucleus. Related trans
signed to the two mononuclear entities by comparison with influences in cobalamins have been explained by cobalt(l1l)
the spectra of the latter two compounds (Figure 7A, Table magnetic anisotropd? The3C NMR chemical shifts of the
4). The two [*N]en resonance signals from the dinuclear benzimidazole moiety in various cobalamins were thus used
entity are not resolved from the mononuclear entities to determine the cobalt(lll) magnetic anisotropy in each
probably due to the broad resonance lines caused byderivative. Comparison of th&(*3CHs) for the complexes
unresolved scalar coupling to tR%o nucleus (= 7/;) in with en, 2,3,2-tet, and cyclam reveals that the major
combination with the smaller chemical shift range of the cis difference is thespanof the chemical shifts, whereas the
[*®*N]en compared t@(**CHs). The formation of a cyano-  overall position on the chemical shift scale is practically
bridged dimer is confirmed by crystal structure analysis unaltered. If the cis ligand is ordered according to its apparent
(above). cis influence o (*3CHj), the series er 2,3,2-tet> cyclam

If the trans ligand L is ordered according to its influence is obtained for L= CN~, whereas the order is reversed for
on 0(*3CHa), the series I= CN™ > NHz > NO,” > N3~ > L = N3, HO, and OH. If the differences in chemical shifts
H,O > OH is obtained irrespective of the actual cis amine

ligand for complexes with en, 2,3,2-tet, and cyclam. Related (19) é%)?’B(rg;Ng, K. L-kakigi, J. MS. ém.zcgkem. Skp%98D6 {/0%? 496-
: : : — Py . rown, K. L.; Evans, D. R.; Zubkowski, J. D.; Valente, E. J.
series were found for methylcobinami@¢€N- > pyridine Inorg. Chem 1996 35, 415-423. (c) Martin, N. H.; Nance, K. H.

> H,0) and trans[Co(Hdmg)y(L)(CH3)]® (P(OCH); ~ Mol. Graphics Modell 2002 21, 51—56.
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originate from differences in magnetic anisotropy of the
cobalt(lll) ion, the data indicate an inversion of sign for the
anisotropy on going from CNto H,O. In cobalamins the

sign of the anisotropy was in fact inverted on going from N /M ﬁ\j
cyanocobalamin to aquocobalamffi.The present data do FAVANYR

not, however, demonstrate whether the observed cis influence SN —
is a direct result of the cis ligand. The reduced span in the 3.0 2.8 2.6 2.4 2.2 2.0 ppm

comp_lexes with C¥C|am might also reflect a red!JCtion _Of_the Figure 8. H NMR spectrum of the methy#C-enrichedrans[Co(en)-
trans influence as imposed, for example, by steric restrictions. (:*CHs)(N3)]ClO4 in D2O. The signals and 1.76 and 2.20 ppm assigned to
. . . . the doublet from Ce-13CH; are separated by 133.0 Hz. The signal at 2.02
Altera}tlons of the magnetic anlsotrqpy by the various ppm is from Co-12CHs,
amine ligands as well as by the trans ligands thus seem to

be in qualitative agreement with the metiyC chemical Methyl e Coupling Constants.The IH NMR spectra
shift data. HOWeVer, this view would require the amine of methy|_13c_enriched preparations U‘bns[CO(enk(CHs)-
nitrogen chemical shift to display the reverse series when ()" show a well-resolved splitting of the methyl resonance
ordered by L. From the data in Table 4 (cf. parts Aand B of sjgnal into a doublet, allowinglc: to be determined (Figure

Figure 7) it is seen that the order of**N) is L = CN~ < 8). The results are presented in Table 4, and it is seen that
NHs < N3~ < HO < OH™ < NO;7; i.e., the nitro ligand 13-, is subject to a significant variation depending on the
violates the common order of the methyC and en*N trans ligand. The span &cy is comparable to that dfans

NMR data. The nitro ligand thus appears to result in a relative [Co(Hdmg)(CHz)(L)] (L = CHs™, 3,5-MePhS", CI-).21
deshielding of the cis amine nitrogen nucleus. This seemsgjnce there are only a small number of methg coupling
to be a quite general phenomenon as it was also found in¢constants for comparable coordination compounds, reference
nitrogen NMR of amminecobalt(l1A?* —rhodium(II),>° may also be made to organic compounds. The methylcobalt-
—platinum(ll) ?°and—platinum(IVy° compounds. In fact,  (j11y compounds may be viewed as a € moiety which
in amminecobalt(lll) compounds the nitro ligand results in s intercepted by a Cal¥" fragment. For the anionic trans
a progressive deshielding of an ammif nucleus by the ligands the order ofJcyis L = CN- < OH™ < NO,~ <
increasing number of cis nitro ligands on going from [Co- N;-. This is also the order ofJcy for acetonitrile (136.1
(NH3)s(NO2)]** to trans[Co(NHz)2(NO2)s] ~2%¢ It may be  Hz), methanol (141.0 Hz), and nitromethane (146.0 Hz).
noted that the N@ ligand is the only trans ligand used 13, for methyl azide has to our knowledge not been reported.
which has the possibility of acting as a hydrogen bond For the neutral trans ligandslcy is smaller for the ammine
acceptor toward the amine hydrogen atoms. To what extentcomplex than for the aqua complex (Table 4). In line with
this may influence the amine nitrogen nuclear shielding is the above discussion, it would be interesting to compare with
not known to our knowledge. The=RO double bond of the Jen for CHsNHst and CHOH,*. Methanol is a very weak
nitro ligand has a magnetic anisotropy resulting in a shielding pase?2b and alley coupling constant of the conjugate acid
and a deshielding zone in its vicinit; and this through-  can therefore not be obtained in aqueous solution. Although
space interaction may also contribute to deshielding of the NMR studies of CHOH,* have been carried og#ed 1.y
cis amine ligand. has to our knowledge not been reported. It is apparent that
For isoelectronic pairs of compounds it is expected that 1)c, values are decreased imans[Co(enk(CHs)(L)]™"
13C and **N (or *N) chemical shifts follow a common compared to CkLL, and in particular, the span is smaller.
patternt*and it is therefore instructive to compa¥€-=*CH) The latter may be ascribed to the longer distances. Marzilli
with ammine nitrogen chemical shifts. In the absence of and co-worker®2 have suggested that the variation in the
ammine nitrogen NMR data for an analogous series, e.g.,Jcy coupling constant primarily reflects tliedonor ability
trans[Co(en}(NHz)(L)] ™D+, the pentaammine series can of the trans ligand. This was later corroborated by an analysis
be used instead. The order of the trans ammine nitrogenof ey in extended series afans[Co(Hdmg:(CHs)(L)] (L
chemical shifts of the latter series ¢ CN- > NO,~ > = phosphine or phosphite liganda}.
NHz > N3~ > H,0)?2dis similar to that fortrans[Co(en)- One-Bond Metal-Ligand Coupling Constants from
(CH3)(L)]™", but the correlation between the two sets of Relaxation Measurements All methyl 13C nuclear spir
chemical shifts is poorer than one might expect. This may |attice relaxation timesTy) are in the range of several
be because the trans influence of a specific ligand L is not geconds (Table 4) as is typié#for small molecules. By
constant. The trans influence is likely to vary with, e.g., the contrast, the observed spispin relaxation timesTp) are
Co—L bond length. The elongation of the bond trans to the smaller by about 2 orders of magnitude. This is consistent
methyl group is well documented, and this might be sufficient
to violate the description of trans influences in terms of, €.9., (21 (a) Hirota, S.; Polson, S. M.: Puckett, J. M.; Moore, S. J.; Mitchell,

a simple substituent parameter for each ligand. M. B.; Marzilli, L. G. Inorg. Chem 1996 35, 5646-5653. (b) Moore,
S. J.; Marzilli, L. G.Inorg. Chem 1998 37, 5329-5335.

(22) (a) Breitmaier, E.; Voelter, WCarbon-13 NMR SpectroscapyCH:

(20) (a) Bramley, R.; Brorson, M.; Sargeson, A. M., Siélia C. E.Inorg. New York, 1987. (b) Perrin, D. DDissociation Constants of Organic
Chem 1987, 26, 314-319. (b) Appleton, T. R.; Hall, J. R.; Ralph, S. Bases in Aqueous Solution: Supplement 190PAC, Butterworth:
F. Inorg. Chem 1988 27, 4435-4437. (c) Appleton, T. R.; Hall, J. London, 1972. (c) Olah, G. A.; Sommer, J.; NamanworthJ EAm.
R.; Ralph, S. FIlnorg. Chem 1985 24, 4685-4693. (d) Kofod, P. Chem. Socl967, 89, 3576-3581. (d) Gold, V.; Laali, K.; Morris, K.
Magn. Reson. Chen2003 41, 531-534. P.; Zdunek, L. ZJ. Chem. Soc., Perkin Trans.1®85 865-870.
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with the broadening of th&C resonance signal of the carbon measurement of the line widths were considered too uncertain
atom coordinated to cobalt(lll) being caused by scalar to allow for any reasonable estimate ‘d¢o—c.
relaxation (sc) of théC nucleus. The contributions of scalar In N-enriched sample31(*°Co), T1(**N), and Tx(**N)
relaxation to the total relaxation rat€sandT, of a nucleus were measured in three subsequent measurements on the
X, which is subject to scalar coupling to a nucleus A with same sample. THEN spin—Ilattice relaxations are well above
spinl, are® 1 s as is typically found in small molecul&sApplication

of egs 2 and 3 to the relaxation data yields,-n = 55(5)
) Hz for trans[Co(en}(H,0)(CHg)]?*. By comparisonJco-n

= 63.8 Hz has been found for [Co(g]¥) .26

Comparison 0ftJc,-c and XJco-n can be carried out in

and terms of the reduced coupling consténhiss defined byK

= 472J/(hyayx). This gives the valuegKco—c| = 15 x 10%°

N A72m=2 and|*Kco-n| = 19 x 107N A-2 m~2 for trans
@) [Co(en)x(H,0O)(CHa)]?". For [Co(NH)g]®" it was found® that

eo-n = 62.5 Hz, yielding|'Kco-n| = 21.7 x 10P°N A2
with X = 13C or 15N and A= 5Co. The actual differences M 3. Thus, the methyl carbanion has a smaller reduced
in resonance frequencies) between X and A means that constant for one-bond coupling ¥Co compared with the
scalar relaxation only contributes Tex. Provided that other ~ coordinated ammonia molecule.
relevant relaxation mechanisms contribute evenljitoand Conclusion

Tox, the contribution from scalar coupling may be calculated X-ray crystallography shows that the Co(HE bond
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CH i ST
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lengths in the investigated compounds display a rather narrow
1 1 1 range from1.972(3) to 1.9804(18) A. Despite this, the methyl
T s T, (obsd) T,u(obsd) 3 13C chemical shifts show a significant variation with the
2X 2X 1X

nature of the cis amine ligand in addition to the influence of
the trans ligand. In theeans[Co(en}(CHs)(L)]"" series, the
orders of methyl*C and amin€*N nuclear shieldings are
reverse except for I= NO,”. The cobalt-carbon bond
distances are close to those typically observed in methylco-
balt(lll) compounds with unsaturated equatorial ligands.

for the present cobalt(lll) compoun&&Co relaxation times - urthermore, the cis cobainitrogen bond distances are
are typically in the microsecond range, and only in the case WYPical for aminecobalt(lll) compounds. From a structural
of trans[Co(en)(CHs)(H:0)[2 could a%*Co relaxation time viewpoint there is thus no evidence for any inherent

be measured by the inversierecovery technique. As the instability of t.he new compounds despite the lack of an
measured relaxation time may show some variation from unsaturated ring system. The present class of compounds

sample to sampleT:(¥Co), T:(C), and T,(1*C) were constitutes a link between the;Bmodel compounds and

measured in three subsequent measurements on the sanfd€ “classical” cobalt(lll) amine compounds. _
sample, only retuning the probe. In this way it was attempted ~ Acknowledgment. The Centre for Crystallographic Stud-
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From the data in Table 4 it is apparent that the corrections
for T1x are of the same order as the uncertaintyTen

Thus, in cases where tH8Co spin-lattice time can be
determined with sufficient accuracy, the one-bond scalar
coupling constants t&C or >N can be estimated. However,
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