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Near-IR FT-Raman spectroscopy was used to probe the properties of three types of methyl imine/gxime B
model compounds in CHglsolution. These types differ in the nature of the 1,3-propanediyl chain and were
selected to test the influence of electronic and steric effects on theCE8g stretching ¢co-ch,) frequency, a
parameter related to GaC bond strength. For the first type studied, [LCo((DO)(DOH)pn){*H ((DO)(DOH)-

pn = N?,N?-propane-1,3-diylbis(2,3-butanedione 2-imine 3-oxime})cn, decreased from 505 to 455 cin

with stronger electron-donating character of trensaxial ligand, L, in the order Cl Melmd, MeBzm, 4-Me-

Npy, py, 3,5-MePhS", PMe;, and C3~. This series thus allows the first assessment of the effect of negative
axial ligands onvce—ch,; these ligands (1= ClI—, 3,5-MePhS", CD;™) span the range dfansinfluence. The

CHs bending 6cns) bands were observed at 1171, 1159, and 1150/1105,amspectively. The decrease in
C—H stretching frequencies§y) of the axial methyl suggests that the-8 bond strength decreases in the order
ClI~ > 3,5-MePhS > CD;~. This result is consistent with the order of decreasif@—'H NMR coupling
constants obtained for the axial methyl group. The trend of lowgrch, andvcn frequencies and lower axial
methyl C—H coupling constant for stronger electron-donatirams axial ligands can be explained by changes in
the electronic character of the €€ bond. The symmetric G4+ Co—CHz mode {ch,—co-chs) for (CHs)2Co-
((DO)(DOH)pn) was determined to be 456 th(421 cnt? for (CDs3),Co((DO)(DOH)pn). The ECo—CH;
bending moded, - co-ch,) Was detected for the first time for organocobalt Biodels; this mode, which is important

for force field calculations, occurs at 194 cinfor CICo((DO)(DOH)pn)CH and at 186 cm! for (CHs),Co-
((DO)(DOH)pn. Thevco-chs, frequencies were all lower than those reported for the corresponding cobaloxime
type LCo(DH}CHz; (DH = monoanion of dimethylglyoxime) models for planar N-donor L. This relationship is
attributed to a steric effect of L in [LCo((DO)(DOH)pn)GH. The puckered 1,3-propanediyl chain in [LCo-
((DO)(DOH)pn)CH* forces the planar L ligands to adopt a different orientation compared to that in the cobaloxime
models. The consequent steric interaction bends the equatorial ligand toward the methyl group (butterfly bending);
this distortion leads to a longer €& bond. In a second imine/oxime type, a pyridyl ligand is connected to the
1,3-propanediyl chain and oriented so as to minimize butterfly bending. vEhew, frequency for this new
lariat model was close to that of pyCo(DiHs. In a third type, a bulkier 2,2-dimethyl-1,3-propanediyl group
replaces the 1,3-propanediyl chain. Th&-cn, bands for two complexes with £ MesBzm and py were 25

cm~1 lower in frequency than those of the corresponding [L(Co((DO)(DOH)pr)Ceomplexes. The decrease

in the axialvce-ch, frequencies is probably due to the steric effect of the equatorial ligand. Thusgdhgs,
frequency can be useful for investigating both steric and electronic influences on theé kand.

Introduction X-ray structural determination of the cobalamin-binding domain
of Escherichia colimethionine synthase has revealed that the
“nucleotide loop” of bound MeCbl was in the base-off confor-
mation and was involved primarily in the binding of the
‘cobalamin to the proteifi. The axial site was coordinated by
an imidazole from a histidine residue instead of the 5,6-
dimethylbenzimidazole (DMBZz) of the isolated base-on cofactor.
The imidazole differs from DMBz in both electronic and steric
properties. Thus it is of some interest to probe howtthes

The two types of cobalamin ¢B) coenzymes, methylcobal-
amin (MeCbl) and deoxyadenosylcobalamin (AdoCbl), transfer
a methyl group and promote skeletal rearrangements, respec
tively.l During the mechanism of action, the €6 bond is
broken for both type$:# For both types, théransligand has
been hypothesized to modulate coenzyme funétihA recent
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employing these spectroscopic methods in solution removes the

uncertainty of solid-state lattice effects.

Imine/oxime B, model compounds seemed to hold promise
for assessing the electronic influence of ttensligands, since
very diverse types of axial ligands can be incorpor&téf.
Furthermore, unlike other model systems, the steric influence

of planar N-donor ligands has been clearly established with these

types of complexe&:10
The Co-CHjs stretching ¢co-cH;) Mmode for a B, model

compound was first assigned by IR spectroscopy to a band at

320 cnt! for a methylcobaloxime, LCo(DHEH; (DH =
monoanion of dimethylglyoxime}t However, the reported 6
cmt frequency shift for the methyds derivativé! was
unreasonably small. Later, the,—cn, band was found by near-
IR FT-Raman spectroscopic studies of LCo(REH; com-
pounds; e.g., the CeC band at 504 cmt for pyCo(DH)RCHz

in CHCI; shifted 27 cm? for pyCo(DH)CDs.12 Frequency
differences between solution and solid-state spectra of the
models were observed imco—ch,, trans axial ligand, and
equatorial ligand modes, indicating a conformational change
upon solvation of the solidg. Thevco—cn, frequency for MeCbl
was later determined by FT-Raman spectroscopy to be 500
cm™1, a value very close to those of the mod&lsRecently,

the vco-ch, frequency of [HOCo(1,2-bis(2-pyridinecarboxa-
mido)benzene)CH] in the solid state was also found to have a
similar value'* The vco-ch, frequency for [Cofhesetetraphe-
nylporphyrin)CHj] was found to have a normal value of 504
cm™%, but the value of 459 cni for [Co(mesetetramesitylpor-
phyrin)CH;] was taken to indicate that the steric bulk of this
porphyrin macrocycle exerts a profound influence on the axial
Co—C bond**
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Figure 1. Schematic representation ofBnodel compounds.

1,11-diolo), were prepared and reported from this laboratdAe-18
The CD; complexes were synthesized by the same method but using
methyld; iodide. (CH;)(CD3)Co((DO)(DOH)pn) was prepared by a
modification of a reported methdd. The purity of all samples was
confirmed by'H NMR spectra in CDGl PMe (1.0 M solution in
toluene) was purchased from Aldrich. Mettddiodide (99.5 atom %
for D) was purchased from Cambridge Isotope Labs. Analytical results
listed in the Supporting Information were obtained through Atlantic
Microlabs.

[Me3sPCo((DO)(DOH)pn)CH3]PFe. In an inert atmosphere, 1.0 M

Recently, resonance Raman spectroscopy was used for thd”Mes in toluene (0.37 mL, 0.37 mmol) was added to a suspension of

first time to assign a band of a protein to the,—cn, mode!®
The band at 429 crt was detected for a methylated corrinoid/
iron sulfur protein. This significantly lowerc,cn, frequency

than those for free methylcobalamin and other hexacoordinated

organocobalt B, model compounds was attributed to a weaker
Co—C bond in the proteif®

Here we investigate several types of methyl derivatives of
imine/oxime type B, model compounds (Figure 1) in CHCI
solution. We compare the effect of L on vibrations involving
the Co-CHjs bonds with those of the analogous LCo(DEH;
organocobalt models.

Experimental Section

Materials. All previously described methyl complexes, [LCo((DO)-
(DOH)pN)CH]*™ ((DO)(DOH)pn = N2 N?-propane-1,3-diylbis(2,3-
butanedione 2-imine 3-oxime)), [LCo((DO)(DOH)Mm)CH]*
((DO)(DOH)Mepn = N?,N?-2,2-dimethylpropane-1,3-diylbis(2,3-bu-
tanedione 2-imine 3-oxime)), and [GEo(Cipy)]*™ (Cipy = 2,3,9,10-

[H20Co((DO)(DOH)pn)CHJPF'’ (0.16 g, 0.33 mmol) in CkCl, (20
mL). The bright orange solution was stirred overnight, and the-CH
Cl, was then removed to give a yellow solid. The air-stable product
was washed with diethyl ether and vacuum-dried. Yield: 79%.

(3,5-MePhS)Co((DO)(DOH)pn)CHs. The synthesis of this com-
pound, which gave satisfactory elemental analysis and NMR spectra,
will be reported latef?

CICo((DO)(DOH)pn)CH3. This orange compound was prepared
in 81% yield using a procedure analogous to that reported for ICo-
((DO)(DOH)pn)fhieaCsHiy),2* but with an excess of NaCl.

[Me3BzmCo((DO)(DOH)Mezpn)CH3]CIO,4. This compound was
prepared in 95% yield as an orange powder in the same manner as the
corresponding PF salt!® using NaClQ (5-fold excess) in place of
KPFs.

(CH3)(CD3)Co((DO)(DOH)pn). This compound was prepared by
modifications of reported method%?® An orange mixture of CICo-
((DO)(DOH)pNn)CH (0.080 g, 0.18 mmol) with THF (25 mL),

(17 mL), ether (17 mL), and NaOH (0.15 g, 3.75 mmol) was degassed
with N> (15 min) and then CO (30 min) at €. Methylds; iodide
(0.065 mL, 1.04 mmol) was introduced. Aft2 h of stirring, much of

the product had dissolved into the ether layer. The aqueous phase was

tetramethyl-6-(2-pyridylmethyl)-1,4,8,11-tetraazaundeca-1,3,8,10-tetraene-gxiracted with additional diethyl ether, and the combined ether layer

(8) Gerli, A.; Sabat, M.; Marzilli, L. GJ. Am. Chem. Sod992 114
6711.
(9) Parker, W. O., Jr.; Zangrando, E.; Bresciani-Pahor, N.; Marzilli, P.
A.; Randaccio, L.; Marzilli, L. GInorg. Chem.1988 27, 2170.
(10) Yohannes, P. G.; Bresciani-Pahor, N.; Randaccio, L.; Zangrando, E.;
Marzilli, L. G. Inorg. Chem.1988 27, 4738.
(11) Roshchupkina, O. S.; Rudakova, I. P.; Pospelova, T. A.; Yurkevich,
A. M.; Borod’ko, Y. G.J. Gen. Chem. USSR (Engl. Trans197Q
40, 432.
(12) Nie, S.; Marzilli, L. G.; Yu, N.-TJ. Am. Chem. S04989 111, 9256.
(13) Nie, S.; Marzilli, P. A.; Marzilli, L. G.; Yu, N.-TJ. Chem. Soc., Chem.
Commun.199Q 770.
(14) Chopra, M.; Hun, T. S. M.; Leung, W.-H.; Yu, N.-Thorg. Chem.
1995 34, 5973.
(15) Kumar, M.; Qiu, D.; Spiro, T. G.; Ragsdale, S. Btiencel995 270,
628.

was concentrated under reduced pressure. The solid was collected by
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filtration, washed with HO, and vacuum-dried. Deuterated samples
were prepared from [DCo((DO)(DOH)pn)CH|CIO,, and their purity
was confirmed by comparison of théld NMR spectra with those of
nondeuterated samples in CRCIYield: 43%.

FT-Raman Measurements. FT-Raman spectra were acquired on
a Nicolet Raman 950 spectrometer, equipped with a 1064Nd:

YVO, laser head, a liquid-nitrogen-cooled germanium detector, and a

Cak, beamsplitter. The mirror velocity and the laser power were 0.4747
cm/s a 1 W (at the sample point), respectively, for all measurements.
Samples were saturated0.2—0.3 mL of CHC} and were placed in

an NMR tube. The CHGIlsolvent spectrum was subtracted from the

complex solution spectra to cancel the intensities of the solvent bands

as much as possible. Accumulation time was-261 min according
to the solubility of the complex in CH@I The resolution of all spectra
was=+1 cnr?,

13C—1H Coupling Constant Measurements. The3C—H coupling
constants were obtained by the néwoupled heteronuclear multiple

guantum coherence (JHMQC) NMR method to be described in a later

publication.

Results

As mentioned above, the imine/oxime complexes afford the
opportunity to vary greatly the nature of thnsligand. In
the past, relatively little dependence of the,cn, frequency
on the nature of various neutratans ligands was found,

although the complexes examined spanned a broad range of

equatorial group$?1424 Because of the broader range of

spectral effects found for these neutral complexes, we carried

out a number of isotopic substitution studies to facilitate the
assignments.

FT-Raman spectra in the 126Q50 cn1? region for neutral
LCo((DO)(DOH)pn)CH and the methyl; analogs were com-
pared (Figure 2). For CICo((DO)(DOH)pn)GhHbnly three
bands (194, 505, and 1171 cin Figure 2Aa) shifted in the
CDs analog (to 185, 478, and 890 ci respectively, Figure
2Ab). Frequencies and the frequency shifts for the 505 and
1171 cnt! bands were very close to those reported for the-Co
CHs stretching {co-cr;) and CH bending 6cns) bands of
LCo(DH),CHz compounds and methylcobalan#r1425

The spectrum of (3,5-M&hS)Co((DO)(DOH)pn)CHkl has
several bands in the 66@100 cnt? region (Supporting Infor-
mation, Figure S-1). However, since only the 496-érhand
shifted in the CI3 analog, this band is assigned tgo-c,.
Another intense band at 424 cfn not seen for the |= CI~-
complex (Figure 2A), is probably a 3,5-MehS ligand
vibration. At higher frequencies, the 1135 chiband changed
intensity in the CIQ analog spectrum but did not shift. The
band at 1159 cmt shifted to 879 cm? in the CD; analog; we
assign it to th@dcyz mode. These frequencies were-1IR2 cnt!
lower than those of the corresponding bands for chloro
complexes.

Bands at 186, 456, and 1151/1103¢nin the spectrum of
(CH3)2Co((DO)(DOH)pn) shifted to 177, 421, and 853 T
respectively (Figure 2B), for (C§.Co((DO)(DOH)pn). The
bands at 456 and 421 crhare assigned to the GHCo—CHjs
symmetric stretching mode/dn,—co-chy). Spectral bands of
(CH3)(CD3)Co((DO)(DOH)pn) at 455 and 435 crhare as-
signed tovce-ch, for Co—CHz and Co-CDg, respectively. The
186 cnt! band for (CH).Co((DO)(DOH)pn) shifted to 181
cm1 for (CHs)(CD3)Co((DO)(DOH)pn). The spectra of (G-
Co((DO)(DOH)pn) and (Ck)(CD3)Co((DO)(DOH)pn) showed
two bands fordcps, at 1151/1103 and 1150/1105 cin
respectively. The frequencies and metbylfrequency shifts

(24) Nie, S.; Lipscomb, L. A.; Yu, N.-TAppl. Spectrosc. Re 1991 26,
203.

(25) Nie, S.; Marzilli, P. A,; Marzilli, L. G.; Yu, N.-T.J. Am. Chem. Soc.
1990 112 6084.
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Figure 2. FT-Raman spectra in the 12650 cnt? region for LCo-
((DO)(DOH)pN)R for R= CHz and CB. L: CI~ (A) and CD;y~ or
CH;~(B). The ordinate scales are normalized by the intensity of the
equatorial ligand modes in each spectrum. Peaks marked S denote the
residual solvent bands. Experimental conditions for all figures: excita-
tion, 1.064um, 1 W at thesample point; saturated CHC3olution.

were close to those of thiz:yz mode of CICo((DO)(DOH)pn)-
CHs. Only onedcns band was seen for (GIRCo((DO)(DOH)-
pn) (Figure 2Bc). Twajcns bands for (CH),Co((DO)(DOH)-
pn) and for (CH)(CDs)Co((DO)(DOH)pn) could be caused by
a vibrational coupling of thécyz band with another band. Since
a band at 1138 cm for (CD3).Co((DO)(DOH)pn) is close to
the dcps band for (CH),Co((DO)(DOH)pn) and (Ck)(CDs)-
Co((DO)(DOH)pn), the 1138 cmt band is probably the band
involved in the coupling.

The frequencies of the bands that showed frequency shifts
upon deuterium substitution into the axial methyl group of LCo-
((DO)(DOH)pN)R with L= CI~, 3,5-MePhS", or CH;~ (or
CDs7) and R= CHjs or CD; are summarized in Table 1, together
with the 13C—1H coupling constants. Figure 3 shows the FT-
Raman spectra in the 66@00 cnt! region for various
[LCo((DO)(DOH)pn)CH]Y* complexes. The band for the
vco-ch, Mode has usually been found @600 cntt (Table
2)1271425 Since the isotopic shift of 27 cm for the band
around 500 cm! for LCo((DO)(DOH)pn)CH (L = CI—, 3,5-
Me,PhS") was close to the calculated value (35dinfor the
Co—CHs diatomic model, this band is assigneditgcw,. The
smaller than expected frequency shift indicates that the band is
not from a purevce-ch, mode. Furthermore, an even smaller
frequency shift (20 cmt) was observed for (CH(CDs)Co-
((DO)(DOH)pN) (co-cH, at 455 andvce-cp, at 435 cntl,
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Table 1. Observed Axial CH Related Frequencies af#C—'H Coupling Constants of the Axial Methyl Group in CHGor

LCo((DO)(DOH)pn)R
OL—Co—CHgr CIT VCo-CHy CNMT* dcrs, CM ven, om? e-n, Hz
L R= CH3 R= CD3 diff R = CH3 R= CD3 diff R= CH3 R= CD3 diff R= CH3 R= CD3 R= CH3
Cl- 194 185 9 505 478 27 1171 890 281 2902 2246 138.0
2112
3,5-MePhS a a 496 469 27 1159 879 280 2896 2240 136.1
2108
CH3 /CDs 181 455 435 20 1150 854 b 2216
1105 2095
R 186 177 9 456 421 35 1151 853 b 2216 131.0
1103 2093
a Qverlapped with ligand-related modéverlapped with equatorial GHsymmetric stretching bands.
LCo((DO)(DOH)pn)CH, -
505 m§ .
i & LCo((DO)(DOH)pn)CH,
a Cl
5(|)3
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Figure 3. FT-Raman spectra in the 66@00 cnt! region for
[LCo((DO)(DOH)pn)CH]%* compounds. The ordinate scales are
normalized by the intensity of thec,cn, bands.

Table 2. Co—CHjs Stretching Frequencies in CHObf
[LCo((DO)(DOH)pn)CH]*+ and LCo(DH}CHs

VCo-CHay CMT L

L (DO)(DOH)pn (DH)?
Cl- 505
1-Melmd 503 508
MesBzm 499 506
4-MeNpy 499 504
py 497 504
3,5-MePhS 496
PMe; 48TF
CDs™ 455

aReference 25° ClO,~ salt.c PR~ salt.

Figure 3). In (CH)(CDs)Co((DO)(DOH)pn), the Chlhas C}
as atrans ligand while Cy has CH as atrans ligand.
Therefore, the smaller frequency difference betwees ch,
andvco-cp, indicates thavco-cr, is influenced by the mass of
thetransaxial ligand and that this mode is probably vibrationally
coupled with the CeL (L = trans axial ligand) stretching
mode.

In the high-frequency region (3086@000 cnt?) in the FT-
Raman spectra for LCo((DO)(DOH)pn)Gtand LCo((DO)-
(DOH)pn)CDy for L = CI~, 3,5-MePhS", and CH™~ or CDs;~

¢ (CHy)/(3,5-Me,PhsS) 2108

2240 ‘

d (CDy)/(35-Me,Phs) | 4

™
4
Ng
-]
N
e (CHy),
2095
f (CH,)/(CD,) 2216 |
2093
g (CDy), ‘//\J\J\
NN TS RN SRR AT ST RN AN NN PR WE FUE
2800 2600 2400 2200
Raman Shift (cm™)

Figure 4. FT-Raman spectra in the high-frequency region, 3000
2000 cm, for [LCo((DO)(DOH)pn)R] compounds. The ordinate scales
are normalized by the intensity of the equatorial, bands.

2720 cnt! are instrumental artifacts. Although other bands
around 3000 cmt did not shift between [LCo((DO)(DOH)-
pn)CH;] (L = CI7, 3,5-MePhS") and the methyt; analog,
the 2902 and 2896 cr4 bands were shifted and appeared as
two new bands at 2246/2112 and 2240/2108 tmespectively
(Figure 4). The frequencies and metlaglfrequency shifts for
these 2902 and 2896 crhbands were close to those observed
for the axialvcy band of methylcobaloximé&and thus are
assigned to the axialcy mode. The axialcy band was
overlapped with the equatoriaky band for (CH).Co((DO)-
(DOH)pn) but was seen at2216/2095 and 2216/2093 ctm
for (CH3)(CD3)Co((DO)(DOH)pn) and (CE).Co((DO)(DOH)-
pn), respectively. This band was definitely lower in frequency
than those of the I= CI~ and 3,5-MePhS" derivatives. The
intensity of the~2216/2095 cm! bands for (CH)(CDs)Co-
((DO)(DOH)pn) is lower than that of the 2216/2093 thbands

(Figure 4), the small peaks and troughs around 2320, 2620, andn (CD3).Co((DO)(DOH)pn), since only one methyl group is
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Table 3. Comparison of Ce-CHs; Stretching Frequencies in CHCind Ce-C Bond Lengths of [CHCo(Cipy)]™ and [LCo(CHEL)CH]%*
with CHEL = (DO)(DOH)pn, (DO)(DOH)Megpn, and (DH) and L = py and MgBzm

Cipy (DO)(DOH)Mepn (DO)(DOH)pn (DH)
py MesBzm py MegBzm py MeBzm py
VCo—Chg, CMT2 506 493 495 499 497 506 504
Co—C,A 1.99,2.08 2.01# 2.017 2.011 2.003 1.989 1.998

aClOo,~ salt.? PR~ salt.© Reference 25¢ Reference 8¢ Reference 10\ Reference 99 Reference 167 Reference 27.Reference 28.

coordination was found in studies of other modé|2 thus,
499 the decrease seems to be characteristic of organocobalt model
| compounds. The lowco-ch, frequency for the PMgderivative
Me;Bzm could be due to the strong electron-donating effect of theMe
493 ligand. Coordination of CB decreased thecocr, frequency
| \/V'\,,_\ a more than coordination of PMesince CR3~ has a stronger
(DO)(DOH)pn electron-donating character. Coordination of Glvhich has
only very weak electron-donating character, exhibited the highest
b vco-chs frequency among the derivatives studied. The stronger
(DO)(DOH)Me,pn electron-donatingrans axial ligand seems to cause a decrease
in theveo-ch, frequency, i.e., a weakening of the €6 bond.
497 The low vco-ch, frequency observed for (GHCDs)Co-
‘ ((DO)(DOH)pn) is consistent with results obtained from crystal
py structures. The CeC bond was significantly longer for (G-
2 c Co((DO)(DOH)pn) (2.045 and 2.049 A) than those for [@Ve
(DO)(DOH)pn Bzm)Co((DO)(DOH)pn)CH|* (2.011 A) and [pyCo((DO)-
(DOH)pn)CH* (2.003 A)216.26 The lowervc,ch, frequency
506 d for (CH3),Co((DO)(DOH)pn) in CHJ solution indicates that
— | (DO)(DOH)Me,pn in solution this compound must have a-66 bond longer than
those of the other derivatives studied.
e C,py These changes involve relatively large changes in the nature
of thetransligand, including even the identity of the ligating
600 550 500 450 400 atom. In B coenzymes, thérans ligand is a heterocyclic
Raman Shift (cm™) N-donor. Since 4-MgNpy is a better electron donor than py

) i . and since 4-MgN\py and py have about the same steric effect,
Figure 5. FT-Raman spectra in the 66@00 cnt! region for .
[LCO(CHEL)CHJ* and [CHCOo(Gpy)]* complexes. The ordinate one would expect that thec,cn, frequencies would be

scales are normalized by the intensity of thg_cy, bands. significantly different for 4-MeNpy and py complexes. The
closevco-cns, frequencies for analogous complexes with the two
labeled in the former compound; the position of the we&216 ligands (Table 2) indicate that the difference in the electronic
cm~! band was difficult to define precisely. effect of thetrans axial ligand between 4-M#lpy and py is
In Figure 5, we compare the:,_ch, bands for the three types 100 small to cause a change in the-8o bond strength. Other
of imine/oxime complexes studied here. Thgcn, band for evidence suggests that the electronic difference between these
[CHsCo(Cpy)]™ was detected at 506 cr a frequency close ~ N-donors is small. For example, the first-order rate constant
to that for pyCo(DH)CHs (504 cnr).12 for the dissociation of L from LCo(DHEH; (in CH.CIy) is
only ~18 times greater for py than for 4-iWNpy2’ Indeed,
Discussion formation constants in DMSO for LCo(DK}Hs differ by only
Influence on Co—CHg; Bond Strength by the Electronic an order of magnitudé. _
Properties of thetrans Axial Ligand. For a diatomic model, Influence on Co-CH; Bond Strength by the Steric
the frequency#) of the bond follows the relationship Propgrtles of thetrans AX|aI Ligand. The steric |nf|uencg of
one ligand on the bonding between the Co andtthes axial
70 (k/m)1/2 ) ligand is called the steritrans influence. This influence is

transmitted through interactions between the bulkier ligand and

wherek andm are the force constant of the bond and the reduced the equatorial Iigand. Since Iargg, bglky ligands such as tripod.al
mass, respectively. Since the force constant is related to theP-donors can distort the equatorial ligand, these L have readily

bond strength, the frequency reflects bond strength. There aredetectable primary sterteansinfluences. The planar N-donor

also good correlations between bond strength and bond Iength.“gand.S normally do nOttﬁXh'b't tht's .prllrr|1.ary |(;1ﬂuence. rolwt-h
Thus, the stretching frequency is a very useful probe into the €ver, In some cases, he equatorial figand can control the
nature of a bond. orientation of the N-donor ligand such that its positioning creates

The frequencies for [LCo((DO)DOH)pn were _steric repulsions. _In these cases of a _secondary dirans
all Iowgﬁﬂgﬁthoie of the corr[espo(r(1dinz:;(LCo(gJelgicg:gmodel influence, the bonding of the other axial ligand can be affected.

compounds for planar L ligands (Table 2). In general, the To assess whether the sgcondary stieaios influence could

Co—C bond lengths for imine/oxime compounds are longer than 25;%;23%%653 frequferggluesr’mcsi::ee;s:j rg_gge:)osgginggﬂ‘]"; ere

those for the analogous cobaloximes (Table 3). ; CoChs fvids -
Coordination of PMeg decreased thec,ch, frequency of [CHsCo(Cipy)]™ and [LCO(CHEL)CH]™, with CHEL =

significantly compared to that of oth&ansligand derivatives (26) Calligaris, M.J. Chem. Soc.. Dalton Tran$974 1628,

except the CB deriVati\(e of [LCo((DO)(DOH)pn)CH** (27) Bresciani-Pahor, N.; Forcolin, M.; Marzilli, L. G.; Randaccio, L.;
(Table 2). A decrease in thec,crH, frequency upon PMge Summers, M. F.; Toscano, P.Qoord. Chem. Re 1985 63, 1.
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Figure 6. Schematic representation of the relationship of planar
N-ligand orientation to butterfly bending.
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Figure 7. Orientation of the planar L ligand defined by tieangle
(left) and schematic drawing of the €& bending paramete#, (right).

CHg

(DO)(DOH)pn, (DO)(DOH)Mepn, and (DH) and L = Mes-
Bzm and py, are listed in Table 3. The increase intgg ch,
frequencies corresponds very well with the decrease in the Co

Inorganic Chemistry, Vol. 35, No. 19, 1996651

seriest?16.17 The lowervco-ch, frequencies for the complexes
with a (DO)(DOH)Mepn equatorial ligand could be explained
by the steric effect of theynMe,pn methyl group pushing the
axial CH; group away from the Co atom.

Methyl-B;, has a very long axial GeN bond 2.19 A)2°
considerably longer (by 0-10.2 A) than in typical model®
This lengthening is very likely solely eis electronic influence.
The orientation of the DMBz ligand is fixed by its attachment
to the corrin. Thevco—ch, frequency for methyl-B has been
found at 500 cm?® for the solid® and at 504 cm! for the
solution? These values are similar to those for models with
trans N-donor ligands. Thus, although the largs electronic
influence of the corrin ring lengthens the €N bond, it has
little effect on thevco-—crH, band frequency. The major N-donor
equatorial ligand influence appears to be the secoraiasgeric
influence; this steric trend is most clearly identified in models.

Axial dcn, and vcy Modes and C-H Bond Strength of
Axial CH3. The axial dcy, mode was more intense for the
methyl-ds complexes than for the protio methyl complexes
(Figure 2). This characteristic, also apparent in the reported
spectra of pyCo(DH)CHs;,12 appears to be a common feature
for methyl-B;» model compounds.

It is well established that, in general, the-8 stretching {c)
frequency becomes higher as the & bond strength increases
and bond length decreases. The axial frequency is thus a

CHjs bond lengths, even though these are affected by the crystalV®"y good probe for properties of the-€ bond of the axial

lattice. Since thevco-ch, frequencies increased in the order
(DO)(DOH)Mepn < (DO)(DOH)pn < (DH), ~ Cipy, the
Co—C bond length in CHGIsolution must decrease in this order
also.

The dependence of GaC bond length on the nature of these

equatorial ligands can be attributed to the different orientation

of the planar L ligand (Figure 6). The orientation of L is
specified with the improper torsion angpe(Figure 7), C(axial
ligand>-N(axial ligand)-Co—Z (Z is a dummy atom at the
midposition of the equatorial oxime N-donors). In cobaloximes,
¢ is close to 0, while it varies from 76 to 115in traditional
imine/oxime compounds. When ¢ is close to 0, the trans
ligand is not in an orientation that allows L to affect the planarity
of the equatorial ligand, but whehis near 90, thetransligand

methyl group. For the B model compounds studied here, the
axial vcy mode was difficult to detect for some nondeuterated
samples, since the bands of the axial and the equatasial
modes overlap. On the other hand, for all of the methyl-
complexes studied, the:y bands had two different frequencies
(Figure 4): 2246 and 2112 crhfor CICo((DO)(DOH)pn)CL;
2240 and 2108 cri for (3,5-MePhS)Co((DO)(DOH)pn)CR
and 2216 and 2093 crhfor (CDs),Co((DO)(DOH)pn). These
frequencies suggest that the order of theHCbond strength
for the axial methyl group of LCo((DO)(DOH)pn)GHs L =
ClI= > 3,5-MePhS > CHs;™; the C-H bond length follows
the opposite trend.

Assignments of Symmetricvcr,—co-cHs and 0L —co-—cHs
Modes. From IR spectroscopy, then,—co-ch, Stretching band

is positioned such that it can cause the equatorial ligand to bendof (CHz).Co((DO)(DOH)pn) has been assigned to a broad band

toward the axial methyl group (Figure 6). In turn, the steric

at 488 cntl.1® Upon bis(methylds) substitution, the band

clashes created by this bending can cause the methyl group teshifted only to 467 cmy;’® a significantly larger shift is
move away from the Co atom. Because of the consequentexpected. This disparity was attributed to a coupling of the

weakening of the CoeC bond, theve,-ch, frequency would
decrease. For [C¥o(Cpy)]™, thevco-ch, frequency was close
to that of pyCo(DH)CHgz. This is because thg angle is close
to 0° for both [CHsCo(Cipy)]t and pyCo(DH)CHs, and both

Vchs—Co-chs Mode with another mod€. In the Raman spectra
of (CHs)2Co((DO)(DOH)pn) and (CE)>Co((DO)(DOH)pn), the
isotopic frequency shift of the 456 crhband to 421 cm! is
clear (Figure 2B). This 35 cm shift is very close to the

complexes have less butterfly bending for the equatorial calculated value of 40 cm for the purevcy,—co—ch, Symmetric

ligand®28

stretch; we thus assign this 456 chband to thevep,—co-chs

These solution FT Raman results suggest that the conforma-symmetric stretching mode. We could not detect bands for any
tional differences found in the solid between these types of other axial CH mode, including the antisymmetric GHCo—

complexes also exist in solution.
anisotropic shift effects of the equatorial ligands on the NMR

Indeed, analysis of the CHjs stretching mode.

For CICo((DO)(DOH)pn)CH, the band at 194 cm exhibits

signals of the L protons also suggests that the solid and solutiongp, isotopic shift, the low frequency suggesting that it may be

orientations of the L ligand are the same or nearly- 586

The vco-ch, frequencies for the L= MesBzm and py
complexes having a (DO)(DOH)Men equatorial ligand are
lower by 2-6 cnm! than those of the corresponding complexes
having a (DO)(DOH)pn ligand (Figure 5, Table 3), although
the Co-N bond length does not differ much between the two

(28) Bigotto, A.; Zangrando, E.; Randaccio,l..Chem. Soc., Dalton Trans.
1976 96.

due to the --=Co—CHs; (L = CI~) bending moded| —co-cHs)
(Figure 2A). This frequency is close to the reported;EMI —

CH3 (M = Hg, Zn) bending frequencié8. Since the bending
mode is not Raman active in a linear8—A type molecule,

the intensity of the bending band in Raman scattering tends to

(29) Rossi, M.; Glusker, J. P.; Randaccio, L.; Summers, M. F.; Toscano,
P. J.; Marzilli, L. G.J. Am. Chem. S0d.985 107, 1729.
(30) Gutowsky, H. SJ. Chem. Phys1949 17, 128.
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be low3! The lower intensity of this 194 cnt band compared H
to that of thevee-ch, band in the same spectrum also supports s
the d. —co-ch, assignment. A similar (Cg,Co((DO)(DOH)pn) 'L.H,L._
band detected at 186 crh(181 and 177 cmt for (CHg)(CDs)-
Co((DO)(DOH)pn) and (CE)>.Co((DO)(DOH)pn), respectively) P (T
is likewise assigned to the GHCo—CHs; bending mode N | f
(OcHs—co—cHa) (Figure 2B). However, thi| —co-ch, band was T
not detectable for (3,5-MPhS)Co((DO)(DOH)pn)CH since N~
it overlapped with another band, possibly at 183 ¢ifmot seen
in other compounds) from aMe,PhS" ligand-related mode. -
The isotopic frequency shifts of théch,—co-ch, bands of LS
LCo((DO)(DOH)pn)CH (L = CI~, CHs™) were the same (9 [
cm%, Table 1). This finding suggests that this mode involves
almost exclusively the movement of the axial methyl group,
since the mass of thieans ligand is not changed in the GD . . . o
analog for the chloro compound, whereas it becomes heavier. 10 €xplain these trends, it is useful to consider a qualitative
in the CD; analog for the dimethyl compound. This conclusion Ntérpretation of the. blr!dlng. In this qua[ltatlve approach, we
is consistent with the assignment of the 194 érhand to the view the methyl derivative as a comblnatlon of a methyl anion
L—Co—CHs bending mode, since lateral movement of the Co @nd @ Co complex. The methyl anion would have a pyramidal
atom within the equatorial plane is restricted by the equatorial Structure with its antibondingc,,* orbital being the lowest
nitrogens. This is the first assignment &f co-cr, for this unocgupled molecular orb!tal (LUMO) (Figure 8)35 Electron
general class of organocobalt compounds. donation from _thetrans L ligand to the Qo atom could cause
The frequency of thé, _co_ch, bending mode reflects how electrqn donatlon to the_ methy‘_cH3*_ orbital t_hroug_h the (_:o
readily the bands are perturbed from the equilibrium position. 92 orbital (Figure 8). This d orbital is an antibonding orbital
The mode should be very important for developing the force N octahedral Co complexé@.A_s thetransligand becomes_a _
field needed for molecular mechanics studies. Since the bandStronger electron donor, there is greater electron occupation in
gives information on the flexibility of the molecule in the the antibonding Co 4 orbital. As a result, the CeC bond
L—Co—CHjs direction, it could be useful as a probe for environ- strength decreases, explaining the obsemgdcr, frequency
mental effects on the GeCHs bond. From our analysis, this decrease. Also since thep,* orbital is antibonding for the
mode reflects primarily the movement of the methyl group with C—H bond, one would expect that the-@ bond strength
respect to the rest of the molecule. This bending of theCo ~ decreases and the-&i bond length increases for compounds
bond from the perpendicular direction is callédending ¢ is having stronger electron-donatitigans axial I|g§1nds. Thgse
the angle between the equatorial plane and the-Cdond, changes would Iez_ad to the observed decreaseyifirequencies
Figure 7). 6-Bending has been the subject of theoretical studies @nd **C—*H coupling constants as L becomes a better donor.
directed in part toward evaluating the hypothesis éhhending
is an avenue through which coenzymenzyme binding energy
could weaken the CeC bond and thereby facilitate;Rdepen-
dent reactiong?33 It was concluded that the bending&from Co—C bond length and theco—ch, frequency. Thus, the
90° does not greatly weaken the boftd.We recently found Veo-cHs frequency appears to be a very good means for assessing
that 6-bending was a facile process during the formation of a trends in Ce-C bond strength and bond length in solution.
Co—C—N three-membered ring for the imine/oxime type Variations in the N-donor ligand strength have relatively little
models?® The resulting new organocobalt compounds provided influence on thevce—cn, frequency and hence €& bond
the first opportunity for gaining experimental insight into the strength in the ground state. However, the secondary stans
likely effects of@-bending on the CoC bond strength. Quali- influence does lead to significant, if small, variations/i—c,
tative observations on the highly distortettifending= 116°) frequency. The secondary stettansinfluence appears to be
new compounds indicated that they are relatively inert under transmitted through butterfly bending of the equatorial ligand.
conditions for which Ce-C bond cleavage normally is ob- The bending causes a steric clash between the equatorial ligand
servec?! and the axial methyl group, which weakens the-@bond.
Relationship betweernvco—cha, ven and dcn, Frequencies Larger variations in thérans ligands, including changes in
and the 13C—1H Coupling Constant of the Axial Methyl the nature of the ligating atoms, lead to appreciable changes in
Group. The vcy frequency results were consistent with the  vcocn, frequency, indicating that the €&C bond becomes
13C—1H coupling constant data for the axial methyl group in weaker as thérans ligand becomes a stronger electron donor.
LCo((DO)(DOH)pn)CH (L = CI—, 3,5-MePhS", CHz™) com- These changes are also reflected in other bands, particularly
plexes. The*C—H coupling constant decreased in the order vcy. Furthermore, there appears to be a relationship between
L = ClI~ > 3,5-MePhS > CHs™ derivatives; therefore, the  these Raman frequencies and #€—H coupling constants
C—H bond length is suggested to increase in the order L  for the axial methyl group. These relationships can be
Cl~ < 3,5-MePhS" < CHs™ derivatives. Theco-ch; andveu understood from a qualitative binding scheme.
(vep) frequencies and3C—1H coupling constant of the axial The L—Co—CHs bending moded —co-chy), the first assign-
methyl group all decreased for stronger electron-donatants ment of d—co-ch, for this general class of organocobalt
axial ligands in the order CI> 3,5-MePhS > CHs™ (Table compounds, involves almost exclusively the movement of the
1).

Figure 8. Schematic view of interacting orbitals.

Conclusions

Good correlations exist between the X-ray structural data for

(34) Albright, T. A.; Burdett, J. K.; Whangbo, M.-HDrbital Interactions

(31) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-
dinated Compoundgith ed.; John Wiley & Sons, Inc.: New York,
1986; p 20.

(32) zhu, L.; Kostic, N. M.Inorg. Chem.1987, 26, 4194.

(33) Pratt, J. MChem. Soc. Re 1985 161.

in Chemistry John Wiley & Sons, Inc.: New York, 1985; p 133.
(35) Jorgensen, W. J.; Salem, The Organic Chemist’'s Book of Orbitals
Academic Press, Inc.: New York, 1973; p 8.
(36) Albright, T. A.; Burdett, J. K.; Whangbo, M.-HDrbital Interactions
in Chemistry John Wiley & Sons, Inc.: New York, 1985; p 278.
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