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In a previous investigation [l] of triarylphosphine 
substitution in pentakis(arylisocyanide)cobalt(I), 
PPhs was observed to favor disubstitution of all but 
the sterically-hindered arylisocyanides (e.g., 2,6- 

EtZCeHa-, 2,6-MezC6H3-, 2,4,6-Me3CeH2NC), while 
the less reactive P(C&Cl-p)3 clearly favored mono- 
substitution with even the most reactive [CO(CNR)~]- 
X (e.g., R = p-Me&&). Steric hindrance of the less- 
reactive arylisocyanides and electron-withdrawing 
effect of the chlorosubstituent in P(C6H4Cl-p)3 
were cited as probable causes for these substitution 
patterns, but inductive effects in the arylisocyanides 
and steric hindrance in P(C6H4CI-p)3 have hitherto 
not been excluded. Current investigation using PPh3, 

W,5H4W)3, and P(C6H40Me-p)3 extended to the 
arylisocyanides R = C6H4Cl-p, C6H4Mea, C6H3EtZ- 
2,6 seems to confirm the original hypothesis, al- 
though the behavior of P(C6H40Mep),, the triaryl- 
phosphine with electron-donating substituent, relative 
to PPh3 is somewhat unexpected. 

Experimental 

The [Co(CNC6H4Cl-p),]BF4, [Co(CNC6H4Me- 
0)~]Cl0~, [Co(CNCeH,Ets-2,6)s]C104, and PPh3- 
substituted complexes listed in Table I were prepared 
as previously described [l-3]. Commercial P(C6H4- 
Cl-p), and P(C6H40Me-p), (Strem Chemicals) were 
used without further purification. Anhydrous diethyl 
ether was filtered through alumina immediately 
before use. IR spectra were recorded on a Perkin- 
Elmer 398 spectrophotometer. Electronic spectra 
were recorded on a Cary 219 spectrophotometer. 
Elemental analyses were performed commercially. 

Results and Discussion 

Arylisocyanide-triarylphosphine complexes of 
Co(I) containing p-C1C6H4NC, o-MeC6H4NC, or 2,6- 
Et,C6H3NC with PPh3, P(CeH40Me-p),, or P(C6H4- 
Cl-p), are listed in Table I with melting points (de- 
composition ranges), -N=C IR frequencies, and 
electronic spectral values (A,,, E). New complexes 

containing P(CeH40Mep), or P(C6H4Cl-p), prepared 
for this study are indicated by an asterisk (elemental 
analyses provided upon request to the author). 
Methods of preparation and apparent substitution 
preference are considered first. 

Whereas [Co(CNR)3(PPh3)2]X were typically 
prepared [ 1, 31 by reaction of 5: 1 mole ratio PPh, 
with [Co(CNR),]X in short (3-5 min) reaction 
periods, this procedure sufficed for only [Co(CNCs- 
H~Me-o)3{P(C6H40Me-p)3}s]C104. Reaction of 
P(C&OMe-p)s with [Co(CNC.J&Cl-P), IBF, 
showed unexpected behavior. In a reaction of 5: 1 
mole ratio for 15 min the product, after two recrys- 
tallizations from CH,C&/Et,O, analyzed as 0.75 [Co- 
(CNC6HqCl-~)3{P(C6H40Me-p)3},]BF4 + 0.25 [Co- 
(CNC&Cl-p),P(CeH40Me-p),]BF4, and additional 
4 hr-reaction with excess P(C6H40Me-p), was re- 
quired to complete conversion to [Co(CNC6H4Cl- 
p)3{P(C6H40Me-p)3}2]BF4. Since the monosubsti- 
tuted derivative is more soluble than the disubsti- 
tuted, [Co(CNC&Cl-p)4P(C,sH~OMe-p)3]BF4 was 
prepared in even greater initial percentage. Thus 
[ Co(CNC6H4C1-p),P(C6H~OMe-~)3] BF4 appears to 
be more readily prepared than [Co(CNC6H4CI-p),- 
PPh3]C104 [ 11, in contradiction to triarylphosphines 
with electron-donating substituents favoring disub- 
stitution. Reaction of P(CeH40Me-p), with [Co- 
(CN&H,Cl-p),]BF4 in 1 .l : 1 mole ratio for 30 min 
(Method B [l]), however, also produced a mixture 
of mono- and disubstituted complex. Preference for 
mono- or disubstitution is apparently not strong, and 
pure [Co(CNC6HqCl-p)4P(CsHqOMe-p),]BF, could 
probably be obtained with sufficient patience. This is 
not true for [Co(CNCe,HqCl-~)4PPh3]C104 [l] and 
probably not true for the reported [Co(CNC6H4Me- 

p)QPPhs I Cl04 1471 I. 
Reaction of 5:l mole ratio P(C&Cl-p), with 

[Co(CNR),]X produced monosubstituted derivatives 
whether reaction time was long, [Co(CNCbH4Me-o),- 
P(C6H4C1-p)3]C104 (1 hr), or short, [Co(CNC6H4C1- 
p)4P(C6H4Cl-p)3]BF4 (15 min). This confirms that 
P(C6H4C1-p), favors monosubstitution. Reactions 
involving 2,6-EtzC6H3NC also monosubstituted, 
[Co(CNC6H3Et,-2,6)4P(C.&0Me-p)3C104 and [Co- 
(CNC6H3Et2-2,6)4P(C6H4Cl-~)3]C104, further sup- 
porting the [Co(CNC6H3Etz-2,6)s]X preference for 
monosubstitution. Disubstitution reactions involving 

PGH~C~-P), necessarily required starting with 
Co(I1) [4-71. The [Co(CNC6H4Me-0)3{P(C6H4C1- 

P)3MClO4 and [Co(CNC6H3Et2-2,6)3{P(C6&C1- 
p)3}Z]C104 could be prepared by direct reduction/ 
ligand substitution [7] of the corresponding [Co- 
(CNR)5](C104)2. Since [Co(CNC6H4C1-p),]X2 has 
not been prepared in a pure state [2, 81, excess Co- 
(BF4)2*6Hz0 (in CzHSOH) was reacted with 3:2 
mole ratio CNC6H4Cl-p and P(C6H4Cl-p), (in 
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CH,C12), and crude product precipitated by dropwise 
addition of ether. After recrystallization from CHs- 
Cl,/Et,O, a mixture of di- and monosubstituted prod- 
uct was still present, which was finally converted to 
pure [CO(CNC~H~C~-~)~{P(C~H~C~-P)~}~]BF~ upon 
extended reaction with excess P(C6H4Cl-p)s (Method 
C [ 11). Since reactions involving CNC6H4Cl-p [ 1, 3] 
or Co(I1) [7] have previously favored disubstitution, 
observation of any [Co(CNC6H4Cl-p), P(CeH4Cl- 
p)s] BF4 underscores the tendency of P(C6H4Cl-p)s 
to favor monosubstitution. The [Co(CNC6HaEt2- 
2,6)s{P(CsHqOMe-p)s},]ClO, was also prepared by 
reduction/ligand substitution reaction [7]. 

On the basis of product composition, then, the 
triarylphosphine with electron-withdrawing substitu- 
ent, i.e. P(C6H4Cl-p),, apparently favors monosub- 
stitution reactions much more strongly than does the 
unsubstituted triphenylphosphine. The triarylphos- 
phine with electron-donating substituent, i.e. P(Ce- 
H,OMe-p)s, however, seems to behave analogously 
to PPha or even favor monosubstitution reactions 
slightly more strongly. Control of ligand substitution 
reaction by inductive effects of ligand substituents 
has not been clearly established here. The [Co(CNC6- 
HsEt,-2,6),C104 monosubstitutes in all instances, 
supporting arylisocyanide steric control of these 
substitution reactions. 

Melting (decomposition) ranges, v(-NsC) ir fre- 
quencies, and electronic spectral values (Table I) give 
further insight into the bond preference/stability of 
these complexes. No correlation between melting 
points of the complexes and of the triarylphosphine 
ligands is observed: P(C6H40Me-p),, 120-124; 
PPha, 79; P(C6H4Cl-p),, 90-93 “C [9]. Since de- 
composition temperatures should be an approximate 
indication of relative stability, the disubstituted 
triarylphosphine complexes appear more stable than 
the corresponding monosubstituted, with the excep- 
tion of [Co(CNC6HsEt2-2,6)4PPha]C104. Since 
monosubstitution is the favored reaction with both 
P(C6H4Cl-p), and 2,6-Et,C6HsNC, the complexes are 
examples for kinetic accessibility VS. thermodynamic 
stability. Complexes of PPhs, both mono- and disub- 
stituted, in general appear to be the most stable, and 
complexes of P(C6H4C1-p),, the least stable. The de- 
composition temperature range for [Co(CNC6H4C1- 
p)a{P(C6H40Me-p),},]BF,, is lower than expected 
which correlates with the reaction showing unexpec- 
ted tendency for monosubstitution, and that for 
[Co(CNC6H4Me-0)a{P(C6HqOMe-p&},]C104 is unex- 
pectedly high which may indicate exceptional stabil- 
ity for this complex. 

Since higher v(-N=C) values indicate less n*- 
acceptance and/or more u-donation by the RNC and 
consequently more n*-acceptance by the substituting 
PRs, experimental v(-N-C) (Table I)-best measured 
from the strongest band in the solution spectra 
(2065, 2070, 2073; 2048, 2061, 2067; 2040, 2045, 

2048 cm-‘)--are consistent with decreasing d, + 
rr* acceptance in the expected order: P(C6H4CI-p), 
> PPh, > P(C6H40Mep)s. Electron withdrawing/ 
donating abilities of the pnru-substituents are appar- 
ently transferred to coordinating ability of the 
triarylphosphine P-atom. For mull spectra (which 
are anticipatedly less accurate), v(-NcC) are also in 
the expected order, except for [Co(CNCe,H4Me-o)s- 
(PPhs)s]C104 (unusually low) and [Co(CNCeHsEt2- 
2,6)s(PPhs),]C104 (higher than [Co(CNR)s{P(C6H4- 
CI-p),}2]C104). For monosubstituted complexes, 
[Co(CNC6HsEt2-2,6)4L]C104, v(-N-C) for the 
strongest solution band increases (2074, 2078, 2082 
cm-‘) for L = P(C6H40Me-p)a, PPhs, P(C6H4Cl-p)s, 
respectively, clearly indicating increasing d, + rr* 
acceptance by the respective triarylphosphine. Sig- 
nificant decrease in v(-NsC) for monosubstituted 
complexes compared to corresponding disubstituted 
is seen in solution data for the complete series [Co- 
(CNR)3{P(C6H4Cl-p)3}21X, [CoWQJ’WW~- 
p)s]X (2073, 2091; 2067, 2090; 2042, 2079 cm-‘), 
but is also evident in all other IR data. The triaryl- 
phosphines are significantly weaker n*-accepting 
ligands than arylisocyanides. 

An alternative interpretation of u(-N=C) values 
for [Co(CNC6H4Me-o)3(PPha)z]C104 is possible, with 
both mull and solution values abnormally low. Com- 
plexes with o-MeC6H4NC frequently show two strong 
IR bands instead of the one intense band, with weak 
shoulders, characteristic of most disubstituted aryl- 
isocyanide complexes of Co(I), so assignment of the 
strongest band VS. a shoulder can be ambiguous. The 
IR discussion was based on accepting the 2061~s 
bands for v(-NzC) in solution, instead of 2047s(sh), 
and 2039s in mull, instead of -2067m (Table I). 
Perhaps the values: 2044, 2039, 2049 cm-’ (mull) 
and 2048, 2047, 2053 cm-’ (solution); or 2065, 
2067,2078 cm-’ (mull) and 2062,2061,2067 cm-’ 
(solution) should be compared as v(-NgC) for [Co- 
(CNC6H4Me-o)sL2]C104, L = P(C6H40Me-p),, PPhs, 
P(GH,Cl-~)a, respectively. Now both sets of data 
seem to challenge the expected (established) order 
of x*-accepting ability: P(C6H4Cl-p)s > PPhs > P(&- 
H40Mep), assuming analogous coordination geom- 
etry throughout. IR data could be suggesting a dif- 
ferent structure, due possibly to steric hindrance 
from ortho-substitution, but this would be the only 
evidence for structural differences. In this investiga- 
tion then, it may not be the complexes with P(C6H4- 
OMe-p), that are necessarily ‘out of place’, but rather 
complexes with PPha that are unusual. 

Electronic spectra for fivecoordinate Co(I) com- 
plexes with organoisocyanide ligands have been 
interpreted as d + rr* charge transfer bands [lo-121 
or as one d-d band and charge transfer bands [ 13, 
51. If the first transition-which is most accurately 
measurable-is metal-to-ligand charge transfer into 
a rr* molecular orbital based primarily on the equa- 
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TABLE I. Triarylphosphine Complexes of Pentakis(arylisocyanide)cobalt(I). 

Compounda M. pt.b 

(“C) 

Isocyanide IRC 

Nujol CH2Q 

Electronic spectrad 

[CO(CNR&L~~]BF~~ 188-191 

[Co(CNR1)sLsb]C104 241-244 

[CO(CNR~)~L~~]BF~~ 225-230 

[Co(CNR1)4LC] BFqf 190-193 

235-239 

214-216 

208-213 

183-188 

174-177 

143-145 

189-195 

195-204 

2015m(sh) 

2059vs(br) 
2069m(sh) 

-2129w 

- 2020m(sh) 

2065~s 
-212Ovs(sh) 

2025m(sh) 

2060~ 

2085m(sh) 
2133~ 

- 2005w@r) 

2063s(v,br) 

-2123~ 

-2015m(sh) 

-2027w(sh) e 1 
2070~ 

-2117~~ 

-2015~ 

_ 2026~ 

2073s 

-2126~ 

-2017vw(sh) -2013vw(sh) 

2088vs(br) - 2025vw(sh) 1 e 
2122w 2091vs(br) 

-2145vw(sh) 2125~ 
2173m 2177m 

- 2025w(sh) 
2044s 

‘ -2065m(sh) 
-2llOvw(sh) 

- 2020w(sh) 
2039s 

-2067m(sh) 

2119w 

-2043m(sh) 

2049s 
2078s 
2118~ 

- 2025vw(sh) 

- 2057vw(sh) 

2075s(br) 

- 2089s(sh) 
2122w 
2172m 

2024~ 

2048s 
2062s(sh) 

- 21 lOw(sh) 

- 2022w(sh) 
2047s(sh) 
206 lvs 

-2105w(sh) 

- 2023w(sh) 

- 2053m(sh) 
2067s 

- 211 lvw(sh) 

- 2022vw(sh) 

- 2050vw(sh) 

209ovs 
2121w 

- 2135vw(sh) 

2170m 

- 1995vw(br) 

2034s 

- 2039s(sh) 

2102w 

- 1995w 

2040s(br) 

- 2099vw 

- 2000vw(sh) 
2070s(br) 
2104~ 
2156m 

- 2ooOvw 
2074s 
2105~ 
2159m 

- 1997m(br) 
2046vs(br) 

- 2ooOvw 

2069s(br) 
- 2083m(sh) 

2109w 
2159m 

- 1999w(br) 

2045~s 
- 21 lOvw(sh) 

- 1999vw 
2078s 
2108~ 

-2128vw(sh) 
2160m 

365(34,500) 
310(35,000) 

=283sh 

= 270sh 
240(82,000) 

36013 1,000) 
284(36,000) 

=243sh 
232(75,000) 

351(32,500) 
294(37,000) 

=252sh 

241(101,000) 

342(34,000) 

=267sh 
=263sh e 1 

243(90,000) 

354(31,000) 
307(38,000) 

=283sh 
245br(85,000) 

349(30,000) 

- 293sh 
283(43,000) 

236(64,500) 

34 l(28,OOO) 
291(46,000) 
247(94,000) 

334(26,000) 
= 287sh 

= 268sh 
238(8 1,000) 

354(14,000) 
=312sh 

= 285sh 

251(85,000) 

337(23,000) 
= 270sh 

255(82,000) 

350(12,000) 
286(52,000) 
249(59,000) 

335(20,000) 
264(58,000) 

-234(58,000) 

(continued overleaf) 
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Compounda M. ptb Isocyanide IRC Electronic spectrad 

(“0 
Nujol CHzCIz 

[CO(CNR~)~L~~]C~O~~ 173-175 - 1990w(br) - 199ovw -343(12,000) 
2042~s 2048vs(br) -291sh(48;000) 

- 2057m(sh) -2105w(sh) 245(90,000) 
-2106w(sh) 

[CO(CNR&L~]CIO~~ 141-144 - 1999vw - 1999vw 331(21,000) 
2067vs(br) 2082s = 26.7sh 
2079s(br) - 211 lw(sh) 244(77,000) 
2110w -2127vw(sh) 
2159m 2163m 

aRi = CeH&-p, Rz = CeHGMe-o, R3 = CeH&ta-2,6; La = P(CeH40Mep)a, Lb = PPhs, Lc = P(CeH&l-p)s. bMelting range 
(uncorrected), decompositon. ‘The v(-N=C) in cm-‘, s = strong, m = medium, w = weak, v = very, sh = shoulder, br = broad. 
dThe &n&e) in rnp (rim), E without Gaussian resolution. eMay be considered as one band. ‘New complexes prepared in 
this study. 

torial arylisocyanides [lo], electronic data are in 
accord with d, -+ ‘IT* accepting ability: P(C6H40Me- 
p)3 < PPh, < P(C6H,$Cl~p), Q RNC. Weaker rr*-ac- 
cepting ligands substituted for one or two RNC force 
the remaining RNC to become stronger n*-accepting, 
thereby lowering the energy (increasing A,,) for the 
first charge transfer. The A,, of the first transitions 
for [Co(CNR),(PR,),]X (365, 360, 351; 354, 349, 
341; 354, 350, 343 mp) are consistent with this 
intepretation. The h,, of the first transitions for 
[Co(CNC6H3Etz-2,6)4L]C104 (337, 335, 331 mp) 
are also in anticipated sequence and significantly 
lower than values for the corresponding [Co(CNC6- 
H3Et2-2,6)3b ]C104 complexes. This again indicates 
how the RNC ligands in complexes disubstituted 
with ligands that are weaker n*-acceptors must 
undergo more d, +n* acceptance than in mono- 
substituted complexes. 

Substitution reactions in [Co(CNR)s]X, R = 
p-C1C6H4, o-MeC6H4, 2,6-EfZC6H3; with triaryl- 
phosphines, PR3, R = Ph, p-C1C6H4, p-MeOC6H4; 
yield mono- or disubstituted products as expected, 
except for appearance of [Co(CNC6H4CI-p),P(C6- 
H40Me-p),]BF,. The PPh3 seems to show unexpec- 
tedly greater reactivity and stability in some of its 
complexes, relative to the other triarylphosphines, 
but the order of d, + 7r* accepting ability: P(C6H4- 

Cl-p), > PPh3 > P(C6H40Me-p), anticipated from 
inductive effects of the substituents is observed in all 
cases except for v(-N=C) in [Co(CNC!,H,Me-o),- 

(PPh& 1 Cl049 which indicates excessive rr*-accep- 
tance. 
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