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In a series of methylcobaloximes (LCo(Di€Hs, where DH= monoanion of dimethylglyoxime), the influence

of P-donor ligands (L) oRJc values of the CeCHz; moiety correlated well with thek, of L except when L

was bulky (Cy¢P andi-PrsP). In contrast, no single steric parameter of those known for the trivalent P donors
examined could be used to describe the variancllgf. The results indicate that the dominant property of L
influencing thistJcy is electron donation. Although poor, the best correlation with a steric parameter was found

with calculated cone angles (CCA) determined by experimental methods on methanol-coordinated cobaloximes.

Since the single parameter fits wittKpindicated a steric effect, multiparameter regressions were performed
using various combinations of electronic and steric terms. Terms reflectingrestdyor ability (e.g., Ka) gave
better correlations than terms reflecting combinationsrafonor andsw-acceptor properties (e.g&y). CCA

values also resulted in better multiparameter fits of the data than other reported steric terms. Using a multiparameter

approach also allowed for the simultaneous fit of data fer phosphine and phosphite ligands. Correlations of

this type were poor with single parameter fits.

The sensitivitidefi to trans ligand electronic and steric effects

indicates that small changes in the hybridization of the-Cél; moiety occur. This method allows us to probe
the nature of Ce-C bonding in the ground state. The other experimental methods for probing this bond (e.g.,

X-ray crystallography, FT-Raman spectroscopy, etc.) indicate that this bond is relatively insensitive to the trans

ligand in the ground state. Thuklcy values may be a useful general method for examinipgsgstems and
also hold promise for other types of organometallic compounds.

Introduction

Recent crystal structures of the methylcobalamin (MgB
dependent methionine synthasend the adenosylcobalamin
(AdoB;,)-dependent methylmalonyl-coenzyme A (CoA) mutase
have shed new light on the nature of bound &factors. The
most striking feature observed in these structures is the
coordination of a histidine imidazole trans to the alkyl in the
position occupied by the tethered benzimidazole of the unbound
cofactor (e.g., methionine synthase, Chart 1). This imidazole
forms a link in the hydrogen bonding network known as the
catalytic quartet. Protein-mediated electron donation by the
trans imidazole is now hypothesized to be a significant
component in catalysis:3

In organocobalt compounds, the trans influence of the R group
on the L ligand can be readily explained because of the large
dependence of axial metal-to-ligand distance on the nature of
R. Parameters such as NMR shifts and L ligand dissociation

Chart 1

catalytic quartet

rates have been found to be useful solution measurements thag spectroscopic method utilizing one-bond proton-carbon cou-

depend significantly on R:® Furthermore, we recently reported
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pling constantscy) obtained with a modified NMR pulse
sequence to probe the induced electronic changes in a neutral
ligand resulting from the variation of the negative trans ligand.
The complexes studied were cobaloximes (Chart 2). In co-
baloximes, the influence of negative axial ligands with a range
of electron donor abilities is well understo6é.

In contrast to the array of methods for assessing the influences
of the negative ligand (R) on the neutral axial ligand (L), there

(7) Moore, S. J.; lwamoto, M.; Marzilli, L. Glnorg. Chem.1998 37,
1169.

(8) Charland, J.-P.; Zangrando, E.; Bresciani-Pahor, N.; Randaccio, L.;
Marzilli, L. G. Inorg. Chem.1993 32, 4256.
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the contribution of valence atomic s electrons to molecular
orbitals is important in the description of the coupling interac-
tions12 Hence, théJcy values for the Ce-CH3 moiety can be
used as a probe of changing s orbital contribution in the CH
bond in response to changes in cobalt mediated by the other
ligands.

Model complexes such as the cobaloximes have been well
characterized and utilized successfully in interpreting the spectra
of cobalamin species® Phosphorus donor ligands, namely
phosphines and phosphites, encompass a wide range of electron-
donating ability and steric bulk. Thus we have examined
methylcobaloximes containing abiological P-donor ligands as
the most suitable candidates for this initial study probing the
response of the CeCHz; moiety to changes in the trans ligand.

shielding

deshielding = / deshielding

U

shielding

Experimental Section

Materials. MesP (1.0 M in toluene), EP, n-BusP, (NCCHCH,)sP,
EtPhP, EtPhP, MePhP, (PhOP, (MeO}P, and (-PrO)P (Aldrich)
andi-PrP, CysP, BzP, PhP, (p-CIPhXP, (-FPh}P, (--MePh)P, (-
MeOPh)}P, (p-Me:NPh}P, i-PrPhP, and (NCCHCH,).PhP (Strem)
Figure 1. Typical anisotropic shielding cones fogBnodel complexes were used without further purification. Deuterated chloroform was
demonstrated on the methanol-coordinated P-donor complex used forpurchased from Cambridge Isotope LaboratoriesO®0o(DHLCHs,
CCA determination. (4-NCpy)Co(DH)CI, and (4-NCpy)Co(DH)CH; were prepared as
previously describetf*

Chart 2 Syntheses. LCo(DH),Cl (L = EtP, EtPhP,i-PrPhP, (NCCH-

L CH,),PhP, p-CH;OPh}P,n-BusP, PhP) were prepared by the addition
0 --H-o of L (1.18 mmol) to a brown suspension of (4-NCpy)Co(BEl)(1.19
/’ / mmol) in CHCl, (25 mL). The solution became clear red before the
Nb /N product precipitated as a red-brown powder, which was collected by
\y 0 2 filtration.
— \N’ PhPCo(DH}CH; was prepared by alkylating BPCo(DH)}CI ac-
O/ / cording to a previously reported meth#fed®> The analogues with &=
\H ..... o MesP and E4P were prepared by addition of L (1.12 mmol) te-H
CH OCo(DHYCHjs (0.40 g, 1.24 mmol) in methanol (20 mL) undeg.N
3 After the suspension was stirred overnight, the resulting yellow solution
LCo(DH) ,CHg was filtered to remove the excess 0f®o(DH)RCHs. The solvent

and any remaining free ligand were removed under vacuum.

. . . L Et,PhPCo(DH)CH; was prepared by the addition of,PhP (0.224
is no simple means for probing how the variation of L through - 129 mmol) to (43-Npr)Co(D|-ﬂ’:H3 (0.50 ) in Cl-iélg (25 ml).

a range of electron donors influences the linkage between R ager the solution was stirred for 2 h, the solvent was removed, and
and Co. Analysis of X-ray crystal structures has suggested thatthe remaining residue was suspended igOEt The yellow product

changes in the CeC bond length are mainly steric and not
electronic in natur@. Thus, structural data are not so useful in
probing the electronic effect of L on R. Furthermore, no
significant changes in the CdC stretching frequency were

was removed on a filter and washed with @t

i-PrsPCo(DHYCHs was prepareth situ. After the addition of-PrsP
(0.5 uL, 0.0025 mmol) to an NMR tube containing a suspension of
H,OCo(DH)CHjs (0.0315 g, 0.098 mmol) in CD(0.60 mL), the'H

detectable in near-IR FT-Raman spectra of cobalamins andNMR spectra {Jpy and*Jex coupling to the oxime methyl and Co
methylcobinamides containing imidazole and imidazolate ligands. CH signals) indicated formation of the desired product.
Typically, a conjugated L (e.g., py, 1,5,6-trimethylbenzimida- _'he remaining LCo(DHCH; complexes [L= n-BusP, Cy:P, BzP

zole) permits interpretation of chemical shifts of L carbon atoms g:ggg E?_ZP:r Pbr:Fr)]Zy(l)l\] C(gbeCEiC)H;)ﬁE’ (Z‘é%ﬁ);éph(g ipéhhggpr(}i’
well removed from the metal centét? The difficulties in ’ ’ o ‘ ’

. . . : I . . MePh}P, (-MeOPh}P, (o-Me:NPh)P] were prepared by the addition
interpreting NMR shift data in thg proximity of the anlsotroplc of L (1)?40($nm0|) to g Slﬁpension )éfz]BCO(DlI)-i)ngs (1.g5 mmol) in
metal center are also well established for these systems (Figurecp,cl, (25 mL). After the red suspension was stirred for 2 h, the
1).7811 The lack of conjugation in R groups of biological resulting yellow solution was filtered to remove unchange®€o-
interest precludes the use of shifts. High resolution coupling (DH).CHs, and the solvent was removed under reduced pressure. To
constant information circumvents problems arising from through- remove unchanged L, the residue was suspended in a minimal amount
space contributions to chemical shift such as metal center of EtO and the suspension filtered to isolate the product. When the
anisotropy. The Fermi contact term, which depends on the complex was ED soluble, it was recrystallized from MeOH/@.
probability of an electron being at the nucleus, usually dominates C. H. and N analyses (Atlantic Microlabs, Inc., Norcross, GA) and
the spin-spin coupling for directly bound nucléil).’2 Because yields of the new complexes are presented in the Supporting Informa-

’ . . tion.
electron density at the nucleus occurs only in s orbitals, onl .
y y ' y Spectral Measurements. All data were collected using 50L00

mM samples on a General Electric GN-600 Omega spectrometer and

(9) Nie, S.; Marzilli, P. A.; Marzilli, L. G.; Yu, N.-T.J. Am. Chem. Soc.
1990 112 6084.
(10) zangrando, E.; Bresciani-Pahor, N.; Randaccio, L.; Charland, J.-P.; (13) Toscano, P. J.; Chiang, C. C.; Kistenmacher, T. J.; Marzilli, L. G.
Marzilli, L. G. Organometallics1986 5, 1938. Inorg. Chem.1981, 20, 1513.
(11) Brown, K. L.; Hakimi, J. M.J. Am. Chem. S0d.986 108 496. (14) Trogler, W. C.; Stewart, R. C.; Epps, L. A.; Marzilli, L. Gorg.
(12) Harris, R. K.Nuclear Magnetic Resonance Spectroscopy: A Phys- Chem.1974 13, 1564.
iochemical ViewJohn Wiley & Sons: New York, 1986; p 260. (15) Stewart, R. C.; Marzilli, L. GJ. Am. Chem. Sod.97§ 100, 817.




Binding in Organometallic Compounds

referenced to TMS. 1BH spectra were acquired at 599.64 MHz with
a 30 pulse width and 32K data points. A large window12 500
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Table 1. NMR Data in CDC} for LCo(DH),CHsz and Steric
Parameters for L

Hz) was necessary to observe the O- —@l signal at~18—19 ppm.

- ; Co—CH; TCA CCA E:

2D single bondtH—C HMQC* (heteronuclear multiple quantum L e (Hz) (degf (degp (kcal/molf
coherence) spectra were collected af@5or assignment of the Co
CH; 18C shift. Matrices were 256< 2K data points with 3264 1 MeP 137.06 118 115 39
acquisitions pet;. Four dummy scans were applied at the beginning g Et?'BF; p ig;% igg ig(l) gi
of the experiment, and a relaxation delay of 800 ms to 1.5 s was used 4 i_P”g 139'01 160 164 109
prior to each scan. A square sine-bell filter was applied in both 5 Cy3|33 139:06 170 171 116
dimensions with a 45phase shift. The second dimension was zero- 4 BZ:P 138.38 165 136 82
filled to 2K data points prior to Fourier transformation. 7 (NCCHCH,)sP 139.70 132 134

H-13C coupling constants were measured with the JHMQC g pprp 139.51 145 160 75
(J-coupled heteronuclear multiple quantum coherence) method (spectral 9  (p-CIPhxP 140.26 14%  160° 74
window of ~2000-7000 Hz, 32K data points, and 562000 scans). 10 (p-FPhyP 139.98 14% 160 74
The data sets were processed, and the coupling constants with all (p-MePh}P 139.47 14% 160 74
maximum error of-0.20 Hz were determined as described previotisly. 12 (p-MeOPh}P 139.28 146 157 76

Calculated Cone Angles (CCA). CCA’s were determined withthe 13 (P-Me:NPh)P 138.58 14 160
reported method for EtP, EtPhP,i-PrPhP, (NCCHCH,),PhP, and 14 EtPhP 13864 140 145 66
(p-CHsOPh}P; CCA's forn-BusP and PBP were redetermined for 15 i-PrPhP 139.26 150 166 7
comparison to reported valu&s.A mixture of AgQNG; (0.24 mmol) i? ,\Eﬂigﬁp %g;gé gg igg ‘51‘71
and LCo(DH)CI (0.2 mmol) in CHOH (10 mL) was stirred for £2 (NCCHCH,),PhP 139'24 136 142
h and passed through Celite. The brown residue left after the solvent (PhO)P 139"()0 128 119 65
was removed under reduced pressure was dissolved yOBH1.7 20 (MeO)P 138.15 107 115 52
mL), and the!H NMR spectrum was recorded at 28. The CCA 21 (-ProyP 137.96 130 121 74

was then determined from the coordinated methanol shifpgm) by
using the equation CCA (degy 178(10— o) — 1157.

Statistical Analysis. Data were analyzed using the program JMPIN
(version 3.1.5, SAS Institute, Inc.) to generate least-squares regression
of the general formY = a;X; + aX; + agXs + ¢ [whereY =

aTolman cone angle (ref 21).Calculated cone angle (ref 17).
¢ Ligand repulsive energy (ref 279 Value estimated from RR.

Srable 2. Electronic Parameters for P-Donor Ligands

experimentally measured dependent variable; constant;a, a,, as L pK2  E°(1)® Eg® Cg® weight
= coefficients;Xy, Xz, X3 = independent variables (i.e., electronicand 1  pMepP 8.65 0400 0.250 5.81 1.0
steric parameters)]. When only a single electronic or steric parameter 2 EtP 869 0.393 0.270 6.11 1.0
was involved,a, and az were set to zero, leaving a standard linear 3 n-BugP 8.43 0.377 0.290 5.90 1.0
equation. Likewise, for a dual-parameter fi, was set to zero. In 4 i-PrsP 9.30 0.350 5.91 0.5
the case of Drago'sEg—Cg parameters, weighting factors were 5 CyP 9.70 0310 0.370 5.91 1.0
sometimes used in fitting the data to give equations of the general form 6 BzP 6.00 0.307 3.77 0.2
Y = ay(WEg) + a(WCs) + agXs + ¢ [wherew = weight assigned to a 7 (NCCHCH,)sP 1.37
particular set oEg—Cg parameters]. Coefficients of determinatio?) ( 8 PhP 2.r3 0510 0301 4.07 1.0
were adjustel? to reflect the number of data points)(according to 9 (p-ClPhyP 103 0593 0282 355 1.0
the equatior2 =1 — (1 — r3(n — 1)/(n — 2). Asn increasestz’ 12 8&%@‘&P égz 0.490 %23%% 348317 0160
approaches?, which indicates the fraction of the total variance of the ' ' ' ' ’
. ) (p-MeOPh)P 457 0.478 0.307 4.52 1.0
data set that is represented by the least-squares fit of the data. When; (-MeNPh)P 8.65 0342 5.05 0.4
Welghted data are employe_d,ls deflne(_j as the sum qf the weights 14 EtPhP 4.90 0475 0.274 4.85 1.0
assigned to the terms. During the preliminary screening of parameter 15 j-prphP 5.00
combinations, those combinations produaigtg< 0.80 were eliminated 16 EtPhP 6.25 0.444 0.288 5.43 1.0
from further consideration. Although values nf ~ 0.80 are not 17 MePhP 6.50 0.436 0.273 5.27 1.0
indicative of good correlations, such a demarcation was useful in 18 (NCCHCH,),PhP 3.20
determining which fits of the data required further analysis. 19 (PhOyP —2.00¢ 0.860 0.090 3.36 1.0
The analyses also included ANOVA (analysis of variance) tables 20 (MeO}P 260 0.680 0.131 4.83 1.0
and effect tests. The ANOVA tables includ&dests for the overall 21 (-PrOyP 408 0620 0211 459 07

least-squares equation, indicating the significance level or the probability
(p) that one of the terms is not significalit. Values ofp < 0.0010
were interpreted as significant, while values pf< 0.0001 were
interpreted as highly significant. The effect tests consisted of an
test of each individual parameter, producingpavalue for the
significance of that term in the least-squares equation. prhelues
were used in combination with theg? values to assess the quality of
each data fit. TheF tests utilized in these studies should not be

2 Reference 33° E° for 5-MeCp(COMMNL (1) from ref 24.¢ Ref-
erence 259 Reference 30¢ Reference 34.Reference 35.

and in the Supporting Information. In general, both-@H;

LJcn values andH shifts for the complexes displayed a weak
trend, decreasing as th&pof the phosphine increased. The
LJcn for thei-PrP and CyP complexes were notable exceptions,
confused with thé values (which are an alternativert§ values) used ~ Showing larger couplings than anticipated from this trend (Figure
by Taft and co-workers. Both the? andp values are employed to  2). TheJcy data for the three phosphite complexes did not
judge the ability of our regression equations to account in a statistically integrate into these trends. TRE&l shifts exhibited a poor
significant manner for the change id. through the series of ligands  correlation with K, when using all of the phosphines and
studied. phosphites and improved when only the phosphines were used
Results (Supporting Information).'3C NMR shifts for the Ce-CHs

Spectroscopic data for LCo(DkgHs complexes and relevant ~ MCi€ty show no obvious trends.

steric and electronic parameters are given in Tables 1 and 2 Simple Linear Regression. Electronic Parameters.The
general trend of decreasintlcy with increasing Ka was

investigated in greater detail. Correlations with other commonly
used terms foro-donor andz-acceptor parameters such as
Bodner's>o,'° Kabachnik’'s parameteiz¢?),2° Tolman’s =y

(16) Skleria, V.; Bax, A.J. Magn. Reson1987, 71, 379.

(17) Trogler, W. C.; Marzilli, L. G.Inorg. Chem.1975 14, 2942.

(18) Daniel, W. W Biostatistics: A Foundation for Analysis in the Health
Sciences5th ed.; John Wiley & Sons: New York, 1991; p 740.
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Figure 2. Plots of'Jcy (Hz) for phosphine and phosphite complexes
against K, (top) and Tolman’sy values (bottom). See Tables 1 and
2 for P-donor numbering schem® (= phosphine,x = phosphite
ligand).

(originaP! and Bartik’'s modified valuéd?d, E° values of
Giering, et al.,2>2*and Drago’sEg—Cp parameter® were also
investigated. Complexes with the bulky ligands §Ryand
i-PrsP) were not considered in these early screenings since
large steric influence was obvious from the initial plots (Figure
2).

A simple linear regression ofJcy as a function ofSo?
revealed a very poor correlation{ = 0.5645,n = 14). The

Moore and Marzilli

to the other two parameters as well as the limited data available
led us to excludé&°(l) from further examination. The data set
was expanded again = 13 by adding the .= BzP, (p-
FPh}P, and p-Me,NPhkP complexes. Thekly, values pro-
duced a regression equatiddey = —0.34K, + 140.51, with
an excellent score for significance but a loy& The weighted
Eg—Cg values produced a fit better tharKp whereas the
absence of weighting factors produced a poorer fit. However,
all three fits were comparable. Because of the dual-component
nature of theEg-Cg description ofo-donation, the significance
of each term was investigated via effect tests. Th@arameter
appeared to be primarily responsible for the good correlations.
Therefore,Cg was tested as a single-parameter effect for the
variance of'Jcy; Cg generated a fit comparable tch vs K.

It is instructive to consider the relationship betwed® pnd
the Eg—Cg parameters since these two parameters have been
reported to correlate welb:26 A fit of pK, = aywEg + awCpg
+ c using the data available for relevant phosphimes-(15)
generated regression statistics indicative of a significant relation-
ship (Supporting Information). A fit ofg as a single parameter
vs Ky for all 15 ligands generated a fit with a moderately good
r2 with high significance (Supporting Information).

Steric Parameters. Because the G andi-PrsP data did
not fit in the initial analysis oflJcy vs K, (Figure 2), we
assessed the contribution of a steric trans influence. Ligands
of the type p-RPh}P, where R= H, were omitted from the
initial regression analyses since some of the steric parameters
in Table 1 were only estimates. The coupling constants are
plotted against the steric parameters in Figure 3. Attempts to
fit a linear least-squares equation fdey versus cone angles
(CCA and TCA) and Brown’s ligand repulsive energs)&’
resulted in moderate to poor correlations (Table 3) using data
for the complexes of the 11 L's for which all three steric terms
were available. Inclusion of & (p-RPh}P with the estimated
cone angles resulted in similar fits of the data. Regardless of
the use or omission of the estimated cone angles, CCA proved
to be clearly the best single steric parameter for modeling the
variance of the coupling constants.

Multicomponent Analysis. Multiparameter systems com-
bining electronic and steric terms were investigated in an effort

8o fit the coupling data for the complexes with bulky ligands

into a single equation. |Initially, all possible combinations of
electronic and steric parameters were investigated. The analyses
were carried out using phosphine data alone and in combination
with phosphite data as well as with and without L having

remaining nine electronic terms were screened by using the datggstimated cone angles.

for the complexes for which each parameter was available [i.e.,
n = 8, L = EtP, n-BusP, PhP, (-CIPh)P, (>-MeOPh}P,
EtPhP, EtPhP, MePhP]. Because?was<0.8,%y (Tolman’s
and Bartik’s values)zo, and three of Giering’s four sets &
were eliminated from further consideration (Supporting Infor-
mation).

The remaining three terms were considered with the addition
of the data for complexes with & MesP and p-MePh}P
(Supporting Information). The weaker correlation compared

(19) Bodner, G. M.; May, M. P.; McKinney, L. Hnorg. Chem198Q 19,
1951.

(20) Mastryukova, T. A.; Kabachnik, M. . Org. Chem1971, 36, 1201.

(21) Tolman, C. AChem. Re. 1977, 77, 313.

(22) Bartik, T.; Himmler, T.; Schulte, H.-G.; Seevogel, X.Organomet.
Chem.1984 272, 29.

(23) Rahman, M. M.; Liu, H.-Y.; Eriks, K.; Prock, A.; Giering, W. P.
Organometallics1989 8, 1.

(24) Golovin, M. N.; Rahman, M. M.; Belmonte, J. E.; Giering, W. P.
Organometallics1985 4, 1981.

(25) Drago, R. S.; Joerg, 8. Am. Chem. S0d.996 118 2654.

TCA's fit poorly regardless of the electronic parameter chosen.
E; was a significant contributor to the data fit in a small number
of cases. However, CCA values were the most successful steric
parameters in multiparameter equations (Table 4). The cor-
relations generally improved when estimated CCA's were used
for the missing L= (p-RPh}P data. Including the data for the
three phosphite complexes also improved the correlation
statistics.

The o-donation parameters,Kg and Eg—Cg, generally
produced the best regression statistics (Table 4). Gierkfy's
(1) generated an excellent fit when CCA was the steric
parameter. However, the small numberEs{l) values limits
its usefulness. The weight&g—Cg parameters produced good
fits of the data as assessedrigand overall p; however, effect
tests suggested low statistical significance for tg-Cg
parameterspg > 0.02) when the phosphites were omitted from

(26) Drago, R. SOrganometallics1995 14, 3408.
(27) Brown, T. L.Inorg. Chem.1992 31, 1286.
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Figure 3. Plots of phosphine complédcy (Hz) values against steric

parameters. The estimated steric parameters geRRh}P ligands
(where R= H) are represented with axn.

the regression. Weighte@g values produced better fits than

Eg—Cg with and without the phosphites in the data set.

Discussion

As L in our range of LCo(DH)CH3; compounds becomes a
poorer donor through a combination of electronic and steric
effects, the!'Jcy values of Ce-CHs change measurably. Using

the relationshipJcn (Hz) = 50Qoc—1 (Wherepc—n is the fraction
of s character in the C hybrid orbital of the CH bor8)yve

(28) Drago, R. SPhysical Methods for Chemis@nd ed.; Saunders College

Publishing: New York, 1992.
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Table 3. Regression Analysis dflcy with Steric Parameters

without (p-RPh}P estimates withgtRPh}P estimates
ra p ra? p
CCA 0.8784 <0.0001 0.7778 <0.0001
TCA 0.5357 0.0066 0.2935 0.0216
E; 0.5108 0.0081 0.2729 0.0266

find that the percentage of s character in the-Céi; CH bond
increases from 27.4% (& MesP) to 28.1% (L= (p-CIPh)P).
These values are between those for a pufesgptem (25%)
and an sp system (33.3%). According to Bent's rudgthe
greater p character in the C hybrid orbital of the CoC bond
indicates that the substituent on Ce(, Co(DH)L) becomes
more electronegative. In this discussion we consider the
quantitative aspects of these change&Jisy.

Electronic Parameters. The electronic parameters consid-
ered in this study have been widely applied to other transition
metal systems to describe eithedonation or a combination
of o-donor andr-acceptor effects. Bothify and Drago’sEg—

Cg parameters have been reported to describe primaudgnor
propertie>39 whereas the remaining parameters have been
reported to represent a combinationcofind s effects30:31

The o-donation terms utilized in this study generated com-
parable least-squares fits of thiy values. TheEg component
was shown to be statistically insignificant in many of the fits.
We suggest that in the case of cobaloximes the dual param-
etrization of theo-donation term is not necessary. This is
supported by the strong correlation found betwelkpandEg—

Cg parameters (Supporting Information) as well as betwéen p
andCg alone. The largest discrepancies between the two sets
of parameters were found for the #z and p-Me,NPh)xP
complexes; these were assigned low weights in Ege Cg
method because of the limited data available for their determi-
nation?®> Therefore, we considerky the best available elec-
tronic donation parameter for the description of the change in
the trans methyl groufplcy when steric effects are minimized.

Steric Parameters. Several measures of ligand size (CCA,
TCA, E;) have been used in past studies. The substantial
deviation of data for complexes with £ i-PrzP and CyP in
the electronic parameter analyses suggested a possible steric
influence on the observédcy values. These two ligands have
the largest steric bulk according to two (TCBE,) of the three
steric parameters considered. TCA values are more numerous
because of the simple nature of the calculation. Some of their
limitations have been notéd. In particular, TCA values are
determined from the CPK models with a fixed metal
phosphorus bond distance and are based on the entire ligand.
The more recent parametds;, was designed to account for
such a problem since the value depends on the variation in the
van der Waals repulsive force with changing metajand
distanceg’:32

Another consideration is the ability of the ligand substituents
to adopt more or less constrained conformations relative to the
conformation utilized by Tolman. The TCA approach utilizes
the entire ligand in its smallest conformation without taking
into account neighboring ligand environme#ftsThe E; method
calculates a minimized structure of L bound to the metal center

(29) Bent, H. A.Chem. Re. 1961, 61, 275.

(30) Alyea, E.; Song, SComments Inorg. Cheni996 18, 189.

(31) Song, S.; Alyea, EComments Inorg. Chemi996 18, 145.

(32) Brown, T. L.; Lee, K. JCoord. Chem. Re 1993 128 89.

(33) Streuli, C. A.Anal. Chem196Q 32, 985.

(34) Rahman, M. M.; Liu, H.-Y.; Prock, A.; Giering, W. Rrganometallics
1987, 6, 650.

(35) Allman, T.; Goel, R. GCan. J. Chem1982 60, 716.



5334 Inorganic Chemistry, Vol. 37, No. 20, 1998

Moore and Marzilli

Table 4. Summary of Multiparameter Fits Usifdcny = auX; + aXz + agXs + ¢

electronic term a & & c nP ra electronic term significancep)
Phosphines Only, No Cone Angle Estimates
pKa 0.04 —-0.10 133.37 10 0.9444 0.0077
Es—Cs 0.05 -0.21 —7.57 134.13 8.7 0.9700 0.0758)(0.0637 C)
Cs 0.04 —-0.33 134.64 8.7 0.9546 0.0056
Phosphines Only, with Cone Angle Estimates
pKa 0.04 —0.15 133.49 14 0.9552 <0.0001
Eg—Cs 0.06 -0.27 —11.05 134.49 12.3 0.9714 0.020H){0.0294 C)
Cs 0.04 —0.50 135.48 12.3 0.9544 <0.0001
With Phosphites, No Cone Angle Estimates
pKa 0.04 —-0.15 134.13 13 0.9177 <0.0001
Eg—Cs 0.05 -0.21 —7.25 134.17 11.4 0.9761 <0.0001 E), 0.0070 C)
Cs 0.03 —0.56 136.88 11.4 0.8606 0.0001
With Phosphites, with Cone Angle Estimates
pKa 0.04 -0.17 133.94 17 0.9544 <0.0001
Eg—Cs 0.05 —0.33 —6.35 134.56 15 0.9692 0.000E)( 0.0006 C)
Cs 0.03 —0.55 136.40 15 0.9280 <0.0001

aThis table compares regressions involving only those complexes with ligands common e -pCs, CCA, TCA, andE, data sets. All
cases reported here employ CCA as the steric teidy). TheaX, term represents eithep or Cg, andasXs represent&s when it is employed.
Both overall regression analysis and steric term significance resultpd<ir0.0001 for all cases reported here except when uBigCs with
phosphines only and no cone angle estimapes 0.0004). All Es—Cg regressions presented in this table employed weighted tEta.Eg—Cpg

analysesn = X(weights).

at a fixed distance and then uses that fixed structure of L while
varying the metalP distanceé’ Using an octahedral model

electron-donating MeO substituent slightly decreases the ob-
served CCA, whereas the electron-withdrawing CN substituent

complex is an added benefit to this approach since it allows for increases the observed CCA.

“interweaving” of L with the other ligands. However, the Cr-
(CO) complex utilized in theE, method is less sterically
constrained and less rigid than the equatorial (Pi)it of the
cobaloximes.

Indeed, the interdependence of electronic and steric charac-
teristics of the P ligands has been noteét A small bias due
to an electronic influence may account in part for the substan-
tially better correlation ofJcy with CCA compared to TCA or

In contrast to the above-mentioned steric parameters, CCAE,, although none of the steric terms alone could be used to

values were determined experimentally for this specific class
of complex; therefore, the MP bond distance and the ligand

describe the changes #dcy. Changing CCA by 34° (e.g.,
using 160 and 134 as estimates of CCA forp{MeOPh}P

conformation reflect the time-averaged value. In general, the and (NCCHCH,)3P, respectively) does not does not signifi-

ey data were fit better by the CCA parameter than by other cantly affect théJcy multiparameter regression analysis results,
steric parameters (Table 3). In the cobaloximes, the steric since CCA is not the dominant factor in the regression. It would
interaction between the axial P ligand and the equatorial ligands be interesting to use CCA methods to examine this interdepen-
will arise from the local environment of the P and not the outer dence of electronic and steric effects in some future study

periphery of the substituents on P. The spectroscopic naturedirected at assessing steric parameters.

of the CCA approach parametrizes this local steric interaction
for cobaloximes. The BP ligand exemplifies this situation.
In both the TCA andE; approaches, BP has a larger steric
parameter than BR, the only difference in the structures being
the addition of a linking Cklgroup between the Ph rings and
the P in BzP. The CCA approach produces a cone angfe 24
smaller for BzP compared to RR. The smaller CCA can be
attributed to the positioning of the Ph groups away from the
local metat-P bond environment. Along these same lines,
i-PrPhP was found to have a CCA between the values-feigP
and CyP (Table 1); however, th&)cy value for thei-PrPhP
complex was fit better than those for thé’rsP and CyP

Multicomponent Models. Regression analyses involving
pKa and CCA consistently produced excellent statistical scores
for significance when fittingJcy = aypKa + a,CCA + ¢ (Table
4). Using all available i, and CCA datar{ = 21), we obtained
a good fit of high statistical significance with the equatitlzy
—0.18(K, + 0.04CCA+ 134.37 (2= 0.9116,p < 0.0001,
Figure 4). The ready availability of these two parameters for
L makes them a suitable choice for describing the influence of
the trans ligand in the methylcobaloxime system. Although
excellent fits were obtained with thes—Cg parameters, the
complexity associated with their determination and the apparent
lack of necessity for a multicomponent descriptiowafonation

complexes in the regressions with electronic parameters (Figure(vide supra) suggest thakpis the better electronic parameter

2).

for describingtJcn, as shown by the consistently lowgvalues

The new CCA values reported here suggest the existence offor the K, term (Table 4). The ability to fit data from bulky
small and previously undetected electronic influences on the ligand complexes with the relationshificy = a;pKa + a,CCA

shift of the coordinated methanol (Figure 1) used in calculating
CCAs. For instance, the CCA of 18@eported’ for PhsP was

+ ¢ seems to indicate that tledonation and steric bulk of L
are the primary factors influencing the changes in hybridization

confirmed here. Previously, since TCA measurements do notof the C of the Ce-CHz moiety as reflected ifJcy. The

change between complexes witrRRPh}P ligands and those

inability of combinedo-donor andr-acceptor terms to describe

with PhgP, the CCA values for both types were assumed to be the changes ifJcy in the multiparameter approach supports
the same. However, our experiments give the new value of our conclusion from the simple linear fits thatinteractions

157 for (p-MeOPh}P. In the case of the & EtzP complex,
we have determined a CCA of 130which is £ smaller than
the CCA reported for the seemingly analogous complex with L
= (NCCH,CHp)sP (13%4). Therefore, it appears that the

with Co are not important or not observable with the current
approach.

Interestingly, the three phosphite complexes studied did not
integrate into the simple analyses with the electronic terms.
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Figure 4. Plot of experimentally determinedcn vs calculated-Jcn

(Yen = —0.18(K, + 0.04CCA+ 134.37 = 21,r2 = 0.9116,p <
0.0001),® = phosphinex = phosphite ligand).
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However, once steric effects were included in the data fitting
procedures, the phosphite data were found to contribute to the ppm
resulting least-squares fits. TRécy values for Ce-CHs in Figure 5. Co—CHj region of*H NMR spectra of PiPCo(DH}CH;

these complexes are lower than would be expected from the fit (top) and (PhQPCo(DH)CH; (bottom). The doublet results from three-
of nonbulky phosphines withi, (1Jcy = —0.34Ks + 140,51,  0ond coupling to the P of the trans ligand.

n = 13), whereas the bulky phosphines have higher values than
predicted from the same equation. The lowdy values for

the phosphite complexes are most likely a result of the broad
Co—CHjs signals (relative to the phosphine complex signals,
Figure 5), which suggest complications from either ligand
exchange or electronic effects. The ability to fit the phosphite
complex data with the multiparameter regressions involving
CCA's further suggests that the CCA values may be affected
to a slight extent by factors other than steric bulk. We did not
extend this study beyond the three phosphite complexes use
here since these are relatively poor ligands in cobaloximes.

term to the equations allowed for simultaneous fits of all the
ligands used, including bulky phosphines and phosphites, with
the best fit of-Jcy obtained with the i, and CCA combination.
The excellentr2 and significance level obtained for the
description oflJcy with a o-donation and steric parameter
suggest thatr interactions between Co and P may not be
important in these systems. Analysis'd§y values is a viable
method for probing the cobalt-bound methyl group for changes
in hybridization resulting from changes in electron donation by
he trans neutral ligand.

. Acknowledgment. This work was supported by NIH Grants

Conclusions GM 29225 and GM 29222 (to L.G.M.). The authors also thank
Our results further support the structural and FT-Raman Suzette Polson, Jay Parrish, Jennifer J. Cowan, and Alexander

results, which suggest that variations in the ground state of the Kutikov for preparing some of the complexes.
Co—CHz moiety are small as the trans ligand is varied.  supporting Information Available: Tables of elemental analyses
Nevertheless, the variationsid-4 with changes in L are much  and yields, of NMR data including GeCHs ™H, 13C NMR shifts, 3Jpy,
larger than the accuracy of our experimental method. Our Jcy, and 53y values, O---H-O 'H shifts, additional electronic
regression analyses &lcy with electronic parameters reveal parameters for L, regression analysis results for simple linear fits with
stronger statistical relationships betwedpy and o-donation electronic terms and the regression analysiskafys Es-C (including
parameters, rather than combinedionorir-acceptor param-  Plot), and plots ofJe vs 2o, Zo?, andE°(1) and of Co-CHz 'H NMR
eters. Moreover, we found thatkp is the best available shift vs (Ka (6 pages). Ordering information is given on any current
electronic donation parameter for describing the change in the masthead page.
trans methyl groupJcy when L was nonbulky. Adding a steric  1C980261Y



