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increase in temperature. No attempt has been made 
to correct for effects of ionic strength, which generally 
were in the range 0.2-2 M .  Although in many cases 
the constants for PtC14+ have not been distinguished 
from those of its hydrolysis products, conditions were 
usually chosen to suppress the concentrations of the 
latter species. Rate constants reported in ref 4 are for 
zero ionic strength and very low chloride concentra- 
tions and may be somewhat too large in comparison 
with the others. 

Table V shows that bipyridyl and phenanthroline 
are among the poorest nucleophiles for PtC142-, even 
though their reaction products are very stable. Their 
reactivities exceed only that of the sterically hindered 
olefin trans-crotylammonium chloride. The unex- 
pected feature of the series is that ammonia, for which 
steric hindrance is presumably unimportant, is nearly as 
slow. This parallels the only results18 available for 
PdC1d2-. It has a second-order rate constant of 1.7 
M-l sec-l (adjusted to 5" using published thermal 
parameters) compared with 1.2 M-l sec-I for bipyridyl 
and 0.34 M-l sec-l for phenanthroline. 

An interesting aspect of the reactions of PtC1d2- is 
that there seems to be no evidence that they obey the 
two-term rate law (eq 1). Nucleophiles lying below 
diethylenetriamine in Table V react too rapidly to al- 
low a solvent route to be detected. The remaining 
reactions from ref 3 do not fit linear plots of kobsd os. 

(18) We believe that the interpretation of the data in ref 13 is not entirely 
The rates a t  high chloride concentrations are directly re- 

The nucleophile might not react directly with PdClrZ- 
The rate constant of the reaction would then 

A similar situation was observed for the reaction of PtClr2- 

unambiguous 
ciprocal t o  [Cl-]. 
hut only with Pd(HzO)CL-. 
be much larger. 
with Cl-.a 
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[nucleophile] well enough to show whether the inter- 
cept is k1 for aquation or zero. Bipyridyl, phenanthro- 
line, and the olefins are strictly second order, and there 
is no indication that ammonia is otherwise. 

The effect of protonation of bipyridyl and phe- 
nanthroline is rather difficult to explain. In all systems 
the reaction proceeds through both the free and the 
protonated ligand. In  the Pt-bipy system, platinum 
discriminates in favor of the protonated ligand, as 
shown by the inflection point in the kobsd vs .  pH graph 
(Figure 3) a t  the pKa of bipyHf (4.3 a t  T = 25", 
p = 0).l9 In the other three systems, however, the 
metal is insensitive to whether or not the ligand is pro- 
tonated. The first kind of behavior may be caused by 
the electrostatic attraction between bipyH f and the 
complex anion. bipyHf still has one free nitrogen, 
and bond formation may occur through it. The other 
kind of behavior is more puzzling, for we would have 
believed that phenH + should be less reactive than 
phen. Structural studies suggest that a proton on 
one phenanthroline nitrogen would partly block the 
other nitrogen from the metal. This unusual behavior 
was the principal feature of the phenanthroline reaction 
that led us to suggest a dissociatively activated mecha- 
nism.14 For the present, the problem remains un- 
solved. The only alternative explanation we can 
think of requires some fortuitous combination of reac- 
tivity effects causing the protonated and unprotonated 
chelates to react a t  the same rate. Since two metals 
and two ligands show the same behavior, the explana- 
tion relies heavily on chance. 

(19) J H. Balendale and P. George, Tvans Favaday Soc., 46, 55 (1950). 
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A variety of cationic platinum(I1)-isocyanide complexes of the types trans- [PtXLz(CN-R)IZ and trans- [Pt(CN-R)zLz] 2% 
(where L = P(CH3)2CeH5 or P(CHs)(CeHb)z; X = C1, I, or CHa; R-NC = alkyl or aryl isocyanide; 2- = PFs-, BFa-, 
SbFe-, or B ( C B H ~ ) ~ - )  have been prepared. The isocyanide is shown to be a good u donor and very weak x acceptor, and the 
increase in Y(NEC) on coordination is dependent on the positive charge a t  the platinum nucleus. One mole of phosphine 
in cis-Pt(CHs)zLz is readily displaced by p-methoxyphenyl isocyanide to give C~~-P~(CH~)ZL(CN-CEH~-OCH~) which reacts 
with acetyl chloride to give ~~~-P~CH&!~L(CN-CEH~-OCH~). The nmr spectra of the cationic methylplatinum(I1) complexes 
show very rapid exchange of phosphines at room temperature which may be explained by delocalization of positive charge 
from platinum to the isocyanide. [Pt(CN-CzH&Lz] (PF& reacts slowly with protic nucleophiles to give a variety of carbene 
complexes whose mode of formation and stereochemistry are discussed. 

Introduction 
have shown that acetylenes and 

olefins react with methylplatinum(I1) compounds to 
yield a variety of products, depending on the nature of 
the acetylene or olefin and the reaction conditions. 

Previous 

(1) H C Clark and R J. Puddephatt, Inorg Chem , 9, 2670 (1970). 
(2) H. C. Clark and R. J. Puddephatt, ibid., 10, 18 (19Fl) 
(3) M. H. Chisholm and H C Clark, Chem. Commun , 763 (1970). 
(4) M. H. Chisholm and H. C. Clark, Inorg. Chem., 10, 1711 (1971). 
( 5 )  M. H. Chisholm and H. C. Clark, zbzd., 10, 2557 (1971). 

We have previously reported the preparation and 
characterization of a wide variety of cationic methyl- 
platinum (11)-nitrile complexes6~' and have found that 
alcohols react with coordinated perfluoroarylnitriles to 
give imino ether derivatives. The course of the reac- 
tion was dependent on the size of the anion as well as 
the nature of the alcohol. 
(6) Part  I: 
(7) H. C. Clark and L. E. Manzer, Chem. Commun., 387 (1971). 

H. C. Clark and L. E. Manzer, ibid., 10, 2699 (1971). 
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TABLE I11 

THE TYPE trans- [Pt(CN-GHb) (P(CHs)zCeHs]z(carbene)] (PI?& 
INFRAREDa AND ‘H NMR  DATA^ FOR CATIONIC PLATINUM( II)-CARBENE COMPLEXES OF 

-Phosphine methyls- - --Ethyl resonances-- 
Carbene 6(CHs) J(P-H) J(Pt-H) WHa)  8(CHd v(N-H) v(N=C) Av(NSEC)~ 

OCaH, 2.10 6 . 0  32.5 1.01 3.05 3382 2271 120 
C < ~ ~ ~ ~ ,  2 .11 6 . 0  32.5 1.09 3.63 

2.14 6 . 4  31.6 1.11 
2.15 6 . 4  31.6 

NHCeHs 1.99 8 . 2  32.4 1.14 3.51 3341 2265 114 
C<NHCzH, 2.00 8 . 0  31.6 1.22 3.64 3389 

2.16 8 .0  32.8 
2.17 8 .0  32.8 

NHCeH6CH3d 1.91 6 . 9  32.4 1.12 3.42 3346 2264 113 
C<NHCaHci 1.94 6 . 9  32.4 1.14 3.57 3393 

2.07 7 . 6  31.6 
2.11 7 . 6  31.6 

SCHsCeH5 2.03* 8 .0  31.2 1.19 3.52 3342 2257 106 
C < ~ ~ ~ ~ 6  1.23 3.58 

a Estimated to be accurate to k 2  cm-’. * Spectra recorded using dichloromethane as solvent and internal standard; chemical shifts 
* Other resonances were com- in ppm and coupling constants in hertz. 

plex and could not be interpreted. 
0 v(N=C)(complex) - v(N=C)(free ligand). G(CHa) 2.31. 

Isocyanides form a wide variety of metal complexes8 
and recently there has been much interest in the chem- 
ical reactivity of the coordinated isocyanide. Treichelg 
found that the reaction of pentafluorophenyllithium 
with coordinated methyl isocyanide gave pentafluoro- 
phenylimino derivatives 
[(?~-C~HS)F~(CO)~(CN-CH~)]  + d 

CeFsLi 
[ (T-C~H~)F~(CO)Z [ C(Cd?d=NCH3) 1 

There have also been a variety of insertion reactions 
of isocyanides into palladium-, lo nickel-, l1 and plati- 
num-alkyl12 bonds. 

Treichel and He# have recently reported that de- 
alkylation of methyl isocyanide occurs when [ (C2H5)3- 
P]2Pt(CN-CH3)Cl+Cl- is refluxed in benzene, to give 
the neutral platinum complex Pt[P(CzH5)3]a(CN)C1. 

Coordinated isocyanides in palladium(I1) and plati- 
num(I1) complexes are susceptible to nucleophilic at- 
tack by alcohols and amines to give a variety of carbene 
complexes. 14-19 Unlike the carbenes obtained by reac- 
tion of alcohols with cationic methylplatinum(I1)- 
acetylene complexes, which take place instantaneously 
a t  room temperature, the formation of carbenes from 
isocyanides usually requires much more vigorous con- 
ditions possibly suggesting a different mechanism for 
their formation. The apparent chemical reactivity of 
the coordinated isocyanide prompted us to extend our 
investigations of CN unsaturated systems to a variety 
of cationic platinum (11)-isocyanide complexes in order 

(8) L. Malatesta and F. Bonati, “Isocyanide Complexes of Metals,” 

(9) P. M. Treichel and J. P. Stenson, Inovg. Chem., 8, 2563 (1969). 
(10) S. Otsuku, A. Nakamura, and T.  Yoshida, J .  Amev. Chem. Soc., 91, 

(11) Y. Yamamato, H. Yamazaki, and N.  Hagihara, J .  Ovganometal. 

(12) P. M. Treichel and R. W. Hess, J. Amev. Chem. Soc., 29, 4731 (1970). 
(13) P. M. Treichel and R. W. Hess, Chem. Commun., 1626 (1970). 
(14) E. M. Badley, J. Chatt, R. L. Richards, and G. A. Sims, ibid., 1322 

(15) E. M. Badley, J. Chatt, and R. L. Richards, J .  Chem. SOC. A ,  21 

(16) E. M. Badley, B. J. L. Kilby, and R.  L. Richards, J .  OrganometaL 

(17) F. Bonati and G. Minghetti, i b i d . ,  24, 251 (1970). 
(18) B. Crociani, T. Boschi, and U. Belluco, Inorg. Chem., 9, 2021 (1970). 
(19) F. Bonati, G. Minghetti, T. Boschi, and B. Crociani, J .  Ovganometal. 

Wiley-Interscience, New York, N. Y., 1969. 

7196 (1969). 

Chem., 18, 189 (1969). 

(1969). 

(1971). 

Chem., 2’7, C37 (1971). 

Chem., 26, 255 (1970). 

to determine the relative u-donor and n-acceptor prop- 
erties of isocyanides and their carbene derivatives. 2o 

Results and Discussion 
Preparation of the Complexes.-We have prepared 

three types of cationic platinum(I1)-isocyanide com- 
plexes in order to determine how the electron density 
at  platinum affects bonding and reactivity. Physical 
and spectroscopic data are listed in Tables 1-111. 

Type I, [PtCH3LZ(CN-R) ] +X-.-The chloride in 
trans-PtCH~ClL (where L = P(CH&(CsH5) or P(CH3)- 
(CeH5)2) is labilezl due to the strong trans influence of 
the methyl group. The addition of a silver salt AgX 
(X- = PFe- or SbFe-) in methanol to such complexes 
gives an immediate precipitate of silver chloride and the 
complex [PtCH3L2(CH,OH) ]+X-. The silver chloride 
can be removed by centrifugation to give a clear color- 
less solution. The addition of an isocyanide and sub- 
sequent removal of the solvent gives a clear oil which 
may be dissolved in a polar solvent and induced to 
crystallize by the addition of diethyl ether or pentane. 
The complexes were generally quite easy to crystallize 
using PF6- or SbF6- as the anion. However, in several 
instances where crystallization was difficult, a crystal- 
line product was obtained by exchange of the anion 
using sodium tetraphenylborate. 

The addition of a 1 molar equiv of 9-methoxyphenyl 
isocyanide to trans-PtCH&!I{ P(CH3)2C6HS j2 in benzene 
gives an immediate white precipitate of PtCH3C1- 
(CN-C&4-OCH3) f P(CH3)2C& 1 2 .  The complex is 
soluble in hot benzene and may be a five-coordinate 
complex in the solid state. However in a polar solvent 
such as chloroform or dichloromethane i t  is dissoci- 
ated-presumably to [PtCHs( P(CH3)2C6H5 jz(CN-CeH4- 
OCHa)]+Cl-; the proton nmr spectrum in CH2Clz is 
identical with that of the analogous PF6- salt in solu- 
tion. 

Type 11, [PtXL2(CN-R)]+PF6- (X = C1, I).-Com- 
plexes of this type were prepared by cleavage of the 
cationic halogen-bridged dimers in methanol (eq 1). 
The reaction proceeds smoothly with precipitation of 
the isocyanide complexes from the methanol solutions. 

(20) H. C. Clark and L. E. Manzer, ibid., 80, C89 (1971). 
(21) H. C. Clark and J. D. Ruddick, Inovg. Chem., S, 1226 (1970). 
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Xci~PtXzLz + 2AgPF6 --P Raman and Nmr Spectroscopic Data.-The infrared 
and Raman spectra of the isocyanide complexes show 
very strong and sharp N=C stretching absorptions in 

ZRNC the region 2300-2100 cm-l. The values of Av(N=C) 
(v(N=C) (complex) - v(N=C) (free ligand)) are posi- 
tive and 20-150 cm-' in magnitude, indicating an in- 

2[PtXL2(CNR)]+PF6- (1) crease in bond order on coordination. In a series of 

+ 2AgC1 - 
These complexes are generally much less soluble than 
the corresponding methylplatinum(I1) compounds. 
As for most reactions involving cleavage of the bridged 
dimer, 22 the phosphines occupy a trans configuration, 
confirmed by nmr data. 

Type 111, [P~LZ(CNR)~]X%.-T~~ addition of 2 
molar equiv of an isocyanide to cis-PtC12Lz in methanol 
gives an immediate, clear, colorless solution, and the 
subsequent addition of an aqueous solution of Na+X- 
where X = BF4- or PF6- gives an immediate precipi- 
tate of the dipositive cation 

2NaX 
C1zPtLz + PRNC ---f [PtLz(CNR)z] Clz + [PtLn(CNR)z]Xz 

Phosphine Displacement Reaction.-The addition 
of 1 molar equiv of isocyanide to a benzene solution 
of cis-Pt(CH3)zLz, L = P(CH&(C&), causes the 
ready displacement of one phosphine to give cis-Pt- 
(CH&(CN-R)L. Such a displacement has previously 
been observed by Treichel and Hess.12 The addition 
of 1 molar equiv of acetyl chloride to this complex gave 
cis-Pt(CH3) C1L (CN-R) 

c~s-P~(CH~)~(CN-R)L + CH3COC1 --t 

CH3 I 
C=O 

H,C, 1,CN-R H3C\ ,L 
Pt - CH,COCH, Pt 

H3C' c1 I 'L c1 ' 'CN-R 

The reaction probably proceeds by way of an un- 
stable platinum(1V) complex, followed presumably by 
the elimination of acetone. The configuration of the 
final complex can easily be determined from the nmr 
coupling constants. The platinum methyl resonance 
appears as a doublet due to coupling with the nu- 
cleus with J(Pt-P-C-H) = 4.8 Hz indicating a cis 
phosphine and platinum satellites of one-fourth the 
intensity (J(Pt-C-H) = 56.6 Hz for methyl trans to 
isocyanide). The phosphine methyl resonance ap- 
pears as a doublet with platinum satellites showing 
J(Pt-P-C-H) = 49.6 Hz indicating that the phosphine 
is trans to a weak u donor such as chloride.23 

This complex acts as a good starting material for the 
preparation of a cationic methylplatinum(I1)-bis- 
(isocyanide) complex 

R'-NC 
cis-PtCH,ClL(CN-R) + AgPFG 

(22) W. J. Cherwinski and H. C. Clark, Can. J .  Chem., 47, 2665 (1969) 
(23) J. D. Ruddick and B. L. Shaw, J. Chem. SOL. A ,  2801 (1969). 

cationic methylplatinum(I1)-arylnitrile complexes6 we 
observed a correlation between the increase in the ni- 
trile stretching frequency and the electronegativity of 
the para substituent. There does not appear to be any 
obvious correlation in the analogous isocyanide com- 
plexes as Av(NrC) decreases in the order CN-CzHs > 

CH3. However, there is a noticeable increase in A V  
( N z C )  in the order type I11 > type I1 > type I and 
this will be discussed later. 

The platinum-methyl stretching vibration appears 
as a strong and polarizable band in the Raman spec- 
trums yet is very weak in the infrared. The values of 
v(Pt-CH8) are all in the range 530-560 cm-'; although 
coupling to other vibrational modes is possible, i t  is un- 
likely to be a pure mode. For cis-Pt(cH~)z(CN- 
C&kOCH3) { P(CH3)2C&) two bands are observed in 
the Raman spectrum a t  554 and 526 cm-', as expected. 

A significant feature of the proton nmr spectra is the 
temperature dependence of the coupling constants. At 
room temperature the methylplatinum (11) complexes 
show complete loss of phosphorus and platinum cou- 
pling to the phosphine methyls and loss of phosphorus 
coupling to the platinum methyl group. Thus, as 
shown in Figure 1, a t  room temperature the phosphine 
methyl resonance appears only as a sharp singlet, as the 
temperature is lowered, coupling to platinum and then 

CN-CsHs > CN-CH3 > CN-CGH~-OCH~ > CN-CcH4- 

I I 1 I I 1 

p.p.m. 

Figure 1.-Variable-temperature nmr spectra of trans- [PtCHa- 
(CNCzH$)( P(CH3)&Hs\ 21 +(SbFe)- recorded on a CHzClz solu- 
tion with an HA100 spectrometer using a 500-Hz sweep width. 

3.38 1.93 1.15 0.24 
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to phosphorus appears, and finally at -20” the spec- 
trum is completely resolved into the expected pattern. 
The phosphine methyls then appear as 1 : 2 : 1 triplets 
due to strong phosphorus-phosphorus coupling,24 in- 
dicative of virtually coupled trans phosphines. Satel- 
lites of one-fourth intensity are also observed due to 
coupling with lg5Pt (I = 1/2, natural abundance 347,). 
The platinum methyl resonances appear as 1 : 2 : 1 trip- 
lets due to coupling with two equivalent nuclei, and 
platinum satellites are also observed. We believe that 
the temperature dependence results from rapid ex- 
change of phosphinesz6 between equivalent sites at room 
temperature and additional evidence concerning these 
and related systems will be presented in a future publi- 
cation. 

Assuming that the coupling constant J(Pt-C-H) is 
governed by the Fermi contact term,26127 we have used 
this value as a relative measure of the a-donor strength 
of a ligand (B) trans to the methyl group to form a 
trans influence series.21 As the a-donor strength of B 
increases, the Pt-B bond gains “s” and “d” character 
and loses “p” character,28 resulting in a decrease of 
“s”-electron density in the platinum-methyl bond and 
a lower coupling constant. Platinum coupling to the 
phosphine methyls may be used as a relative measure 
of the a-acceptor properties of a ligand B, assuming that 
J(Pt-P-C-H) reflects the total electron density on the 
platinum nucleus.6 Thus, isocyanides and tertiary 
phosphinesz1 as ligands show J(Pt-C-H) = -63 and 
-57 Hz and J(Pt-P-C-H) = -34 and 29 Hz, respec- 
tively, which suggests that while both ligands are good 
a donors, the phosphine is a better ?r acceptor. Simi- 
larly CO and isocyanide have very similar a-donor 
properties but the carbonyl is a better a acceptor. 
Bancroft, et a1.,2g have recently examined a wide variety 
of complexes of the type [FeHL(depe)2]+[B(C6Hs)r]- 
(L = neutral ligand, depe = bis(diethy1phosphino)- 
ethane) by 67Fe Mossbauer spectroscopy and have cal- 
culated the partial quadrupole splitting (pqs) for each 
ligand3” (Table IV) . 

TABLE IV 

Ligand H Z  H Z  mm/sec 
CO ~ 6 3  N 3 3  -0.43 
PRs -57 -29 N-0 .53  
R-NC -63 N 3 4  -0.71 

J(Pt-C-H), J(Pt-P-C-H), p w ,  

Nmr and Mossbauer Data for Cationic Complexes 
Containing CO, PR3, and R-NC.-Since the partial 
quadrupole splitting is a measure of the total T-u prop- 
erties of a ligand, it can be seen that both the phosphine 
and carbonyl are much bettkr a acceptors than isocy- 
anides. 

Phosphine exchange occurs in many platinum(0) 
complexesa1 and labile phosphines have been observed 
for several neutral platinum(I1) complexesa2 with 

(24) R. K. Harris, Can. J .  Chem., 41, 2275 (1964). 
(25) J. W. Emsley, J. Feeney, and L. A. Sutcliffe, “High Resolution 

Nuclear Magnetic Resonance Spectroscopy,’’ Vol. 1, Pergamon Press, 
New York, N. Y., 1967. 

(26) N. F. Ramsey, Phys. Reo., 91, 303 (1953). 
(27) H. M: McConnell, J .  Chem. Phys., Pa, 460 (1966). 
(28) M. J. Church and M. J. Mays, J .  Chem. SOC. A ,  1938 (1970). 
(29) G. M. Bancroft, M. J. Mays, and B. E. Prater, ibid., A ,  966 (1970). 
(30) G. M. Bancroft, personal communication. 
(31) H. C. Clark and K. Itoh, Inorg. Chem., 10, 1707 (1971), and refer- 

(32) H. C. Clark and H. Kurosawa, J .  Ovganomefal. Chem., in press. 
ences therein. 

strongly electron-donating ligands. It is difficult to 
conceive of labile phosphines in cationic platinum(I1) 
complexes because the positive nuclear charge would 
hold the electron pairs very tightly to the platinum 
nucleus. We believe that the isocyanides are very ef- 
fective in reducing the positive charge on platinum due 
to the importance of the resonance forms 

+ 
Pt++-C=N-R c--f Pt-C=N-R 

Although in neutral platinum isocyanide complexes 
where the CNC bond angle is nonlinear,aa i.e., cis- 
[ P ~ C ~ Z ( C N C ~ H ~ ) P ( C ~ H S ) ~ ]  where the CNC bond angle 
is 165.5’) a more linear CNC bond angle for the cationic 
complexes would be expected due to a greater delocali- 
zation of the nitrogen electrons into the pz orbital of the 
electron-deficient carbon. 

Therefore, in general, the greater the positive charge 
on the platinum, the greater would be the delocalization 
and the greater would be the value of Av(N=C). This 
is clearly shown by the fact that Av(N=C) increases in 
the order type I11 > type I1 > type I. In the type I 
complexes, the methyl group is a good electron-donating 
group and this tends to reduce the effective nuclear 
charge whereas in type I1 complexes the chloride is elec- 
tronegative, tending to increase the positive charge re- 
sulting in a greater delocalization of the nitrogen lone 
pair and a greater increase in Av(N=C). Type I11 com- 
pounds exhibit very large positive values for Av(N=C) 
(-140 cm-l) as would be expected due to the dipositive 
charge on the cation. 

Treichel and H e s P  reported a mechanism for the de- 
alkylation of cationic methyl isocyanide complexes in- 
volving a five-coordinate intermediate. We believe 
that the mechanism may involve some concentration of 
the positive charge on nitrogen, followed by elimination 
of methyl halide 

X \ /p(c6H5)3 
P t  I x -  - 

(c6H5)3p / \CN-CH8 

X \ /P(C6H$)3 

-I- CH,X 
(C$I5)3P /Pt\C 

\N 

A similar mechanism may also be proposed for the 
well-known preparation of alkyl isocyanides by alkyla- 
tion of the nitrogen lone pair in the metal cyanide com- 
plexesa 

M-CN + R X  + [M-CN+-R]X- ---t M+X- + R-NC 
A 

Preparation and Spectroscopic Studies of Carbene 
Complexes.-Carbene f ormation by the addition of 

(33) E. M. Badley, Ph.D. Thesis, University of Sussex, 1969. 
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alcohols and amines to coordinated isocyanides requires 
much more vigorous conditions than carbene formation 
from reactions involving monosubstituted acetylenes. 
Methoxy- and ethoxycarbene complexes4 are obtained 
instantaneously by the addition of RCECH to a solu- 
tion of trans-PtCH3ClLz (L = tertiary phosphine or 
arsine) and silver hexafluorophosphate in the appropri- 
ate alcohol. In contrast neutral arylamino(a1koxy)- 
carbeneplatinum c~mplexes'~ are obtained only by re- 
fluxing the appropriate isocyanide complex in alcohol 
for long periods of time. Reactions with amines usu- 
ally proceed smoothly a t  room temperature within a 
few hours. 

As the positive charge on the platinum increases, so 
does the difficulty in obtaining carbene complexes. 
Richards and coworkers16 have prepared several car- 
bene complexes derived from isocyanide complexes 
analogous to our type I1 
[PtX(CNR)(P(CzHs)a]z] 'ClOa- 4- QH + 

[PtX(C(NHR)Q) (P(C&)3) 21 'C104- 
(Q = C6HaNH, CzHdSH, CzHsO; X = C1, Br; R = CeH5, CH8) 

The complexes were more difficult to obtain than the 
neutral carbene complexes and the ethoxycarbene was 
not obtained pure but only as a mixture with the par- 
ent isocyanide complex. 

We have attempted to prepare cationic methylplati- 
num(I1)-carbene complexes by refluxing the appropri- 
ate isocyanide complexes in alcohols and amines for 
long periods of time but unfortunately the methylplat- 
inum compounds are not stable under these vigorous 
conditions. However, we have found that type I11 
isocyanide complexes are particularly suitable for car- 
bene formation since they are very stable under pro- 
longed reflux conditions 
trans-[Pt(CNCzH6)z ( P ( C H ~ ) ~ ( C ~ H G ) )  21 (PFs)n + RH + 

trans-[Pt(C(NHC2Ha)R} (CiKC2H5) {P(CHB)&HG)) 21 (PF6)z 
(R = P-CHaCeHaNH, CsHaNH, C2Ha0, CeHaCHzS) 

The resulting carbene complexes are very soluble in 
polar solvents and can easily be separated from the un- 
reacted, poorly soluble bis-isocyanide complex by frac- 
tional crystallization. The ease of preparation de- 
creases in the order RNHz > RSH >> ROH, and the 
ethoxy(amin0)carbene was obtained only in 40y0 yield 
after refluxing the parent isocyanide complex in etha- 
nol for 10 days. 

The phosphine methyl resonances in the nmr appear 
as 1 : 2 : 1 triplets, indicative of mutually trans phos- 
phines, flanked by platinum satellites of one-fourth in- 
tensity with J(Pt-P-C-H) = 32 Hz. Elucidation of 
the stereochemistry comes from the 'H nuclear magnetic 
resonance spectra in the phosphine methyl region. 
Four sets of overlapping triplets are observed (Figure 
2 )  indicating four nonequivalent phosphine methyls 
caused by the absence of a plane of symmetry along the 
C-Pt-C axis and restricted rotation of the carbene 
about the Pt-C bond. The nmr spectra also indicate 
the presence of only one isomer in solution and the most 
likely structures are those resulting from a 1,2 cis addi- 
tion of the nucleophile across the CN triple bond 

L I I 
25 2 3  21 19 17 15 

w m  

Figure 2.-Phosphine methyl resonances of trans-[Pt(CNC~Hr)- 
(P(CH~)Z(C~H~))~(C(NHC~H~CH~)(~THCZH~)) I (PF& recorded 
on a CH2Clz solution a t  31' with an HA100 spectrometer using a 
sweep width of 500 Hz, showing four nonequivalent phosphine 
methyls and the anilino methyl a t  6 2.31. The scheme indicates 
platinum coupling to the phosphine methyls and phosphorus 
coupling is omitted for clarity. 

The X-ray structure by Richards, et a1.,I4 indeed shows 
that such cis addition may occur and that the carbene 
plane may then be perpendicular to the plane of the 
complex. It is difficult to predict, a priori ,  whether 
this is the most stable configuration. In the completely 
planar structure extensive r bonding involving the car- 
bene carbon 2pz and platinum 5d,, orbitals is possible, 
although there must also be considerable steric interac- 
tion between the carbene and the phosphines. That 
the structure with the carbene perpendicular to the 
plane of the complex has been observed, in which the 
carbene carbon 2pz orbital is competing with the phos- 
phines for in-plane r bonding with the Pt 5d,, orbitals, 
suggests that r-bonding possibilities are less important 
than steric requirements. 

Since an increase in the isocyanide stretching fre- 
quency, Av(N=C), reflects the total positive charge on 
platinum, the carbene is shown to be a stronger u donor 
than the parent isocyanide (Table 111). A comparison 
of J(Pt-C-H) for the complexes trans- [PtCHsL( P- 
(CH&CeHj]z]+, where L = meth~xycarbene~ and 
ethyl isocyanide, gives values of 51 and 63 Hz, respec- 
tively, again indicating the better u-donor properties of 
the carbene. In the methoxy (amino)carbene complex 
cis-PtCL(CNR) { C(OCH,)NHR] (R = @tolyl, C Y C ~ O -  

hexyl) a higher trans influence for the carbene than 
the isocyanide has been suggested on the evidence of a 
lower v(Pt-Cl) frequency than that found in the parent 
isocyanide complex17 cis-Pt(CNR)zClz. 

Mechanism for Carbene Formation.-The mech- 
anism for carbene formation derived from acetylenic 
complexes involves nucleophilic attack by the alcohol 
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a t  a r-bonded acetylene followed by alkyl or aryl trans- 
fer to give the carbene4 

R li 

It is very unlikely that the CN triple bond would ?r 

bond because the a orbitals are much higher in energy 
than the carbon u-bonding orbital. Richards sug- 
gested15 that the nitrogen might be activated toward 
electrophilic attack by a proton but, clearly, since 
amines react much faster than alcohols, the rate-deter- 
mining step must involve nucelophilic attack a t  the 
electron-deficient isocyanide carbon of the complex. 

Experimental Section 
@-Tolyl isocyanide, p-nitrophenyl isocyanide, and phenyl iso- 

cyanide were prepared by the phosgene method,s4 p-methoxy- 
phenyl isocyanide was prepared by the method of Hertler and 
C o ~ e y , ~ ~  and methyl and ethyl isocyanides were prepared by the 
method of Casanova, Schuster, and Wernerea6 

All reactions were carried out under a nitrogen atmosphere and 
Spectro Grade solvents were used without further purification. 
Microanalyses were performed by Chemalytics Inc., Tempe, 
Ariz. Infrared spectra were recorded on Beckman I R  10 and 
IR 7 spectrometers as 2.07& by weight KBr disk and were un- 
changed as Nujol mulls. Raman spectra were obtained from 
crystalline samples in capillary tubes using a Spex Model 1400 
spectrometer with the 6328-A line of the helium-neon laser. 
Proton nmr spectra were recorded on Varian T6O and HA100 
spectrometers using dichloromethane as solvent as well as inter- 
nal standard. 

tralzs-PtCHaClL~, where L = dimethylphenylphosphine or 
methyldiphenylphosphine, was prepared by the method of 
Ruddick and Shaw.23~37 

Many of the complexes were prepared by similar methods so 
only representative examples are described. 

(a) Preparation of [PtCH31P(CHa)~(C6Hs)J 2(CNC&OCHs)] +- 

(PF6)-.-To a suspension of trans-PtCHaCl( P(CHa)(C&) ) 2  
(0.194 g) in 10 ml of methanol was added silver hexafluorophos- 
phate (0.094 g). A flocculent precipitate of silver chloride formed 
immediately and the solution was magnetically stirred for 10 min 
to allow complete removal of the chloride and coagulation of the 
silver chloride. The silver chloride was removed by centrifugation 
to give a clear, colorless solution. p-Methoxyphenyl isocyanide 
(0.0494 g) was slowly added and a white precipitate formed im- 
mediately. The mixture was stirred for 10 min and filtered and 
then washed with methanol and ether. The product was re- 
crystallized from hot methanol to give white needles of [PtCHs- 
( P(CHa)z(CaHa))(CNCaHaOCHa)l+(PFe)- (0.165 g). 

(b) Preparation of PtCHaCl [P(CHa)z(CaHa)] z (CNCeH4OCHa) .- 
To a solution of trans-PtCH&!1( P(CH&(C&) 1% (0.157 g) in 10 
ml of benzene was added p-methoxyphenyl isocyanide (0.040 g ) ,  
An oily precipitate formed immediately and the solution was 
stirred for 15 min. The white solid was filtered, washed with 
benzene and ether, and then recrystallized from hot benzene to 
give white crystals of PtCHsCl( P(CHg)p(CgH6)}z(CNCsH4QCHa) 

(c) Preparation of [PtCH8( P(CH~)Z(C~H~))Z(CNC~H~NO~)] +- 

[B(C&)4] -.-To a suspension of tranS-PtCHaCl( P(CHs)z- 
( C O H ~ ) ) ~  (0.200 g) in 10 ml of methanol was added silver hexa- 

(34) J. Ugi, U. Fetzer, U. Eholzer, K. Knupler, and K. Offerman, Angew. 
Chem., In t .  E d .  Engl., 4, 472 (1965). 

(35) W. R. Hertler and E. J. Corey, J. Org. Chem., 98, 1221 (1958). 
(36) J. Casanova, R. E. Schuster, and N. D. Werner, J. Chem. Soc., 4280 

(1963). 
(37) J. D. Ruddick and B. L. Shaw, tbid. ,  A ,  2964 (1969). 

(0.070 9). 
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fluorophosphate (0.097 9). The solution was stirred for 10 min 
and the silver chloride was removed by centrifugation to give a 
clear solution. A solution of p-CNC6HaNOz (0.057 g) in 5 ml 
of hot methanol was added to give a clear yellow solution. The 
methanol was removed on a rotary evaporator to give a yellow 
oil that could not be crystallized from dichloromethane and 
ether. Accordingly, it  was dissolved in 5 ml of methanol, and 
sodium tetraphenylborate (0.132 g) in 2 ml of methanol was 
slowly added to  give a yellow solution. The methanol was re- 
moved, the complex was extracted from the sodium hexafluoro- 
phosphate with dichloromethane, and the solution was then 
passed through a 1-in. Florisil column. Methanol was added 
until the solution became cloudy and the flask was then cooled 
a t  -10" overnight to yield large orange crystals of trans- 

(d) Preparation of cis-Pt(CHa)z(CNCaHpOCHa) [P(CH~)Z(C~- 
Ha)] .-A solution of c ~ ~ - P ~ ( C H ~ ) Z [ P ( C H ~ ) Z ( C ~ H ~ ) ~ ~  (0.146 g) and 
p-methoxyphenyl isocyanide (0.039 g) in 10 ml of benzene was 
stirred for 3 hr. A strong smell of phosphine was detected. 
The benzene was then removed under reduced pressure to give a 
yellow oil which was taken up in 2 ml of diethyl ether and passed 
through a short Florisil column. Addition of pentane to the 
ether solution yielded large white needles of CZS-P~(CHQ)Z(CN- 
CaH60CHa) [P(CHa)z (CeHa)] (0.120 9). 

(e) Preparation of C ~ S - P ~ C H ~ C ~ ( C N C ~ H ~ O C H ~ ) [ P ( C H ~ ) Z ( ~ ~ -  
HE)] .yc iS -P t  (CHs )z (CNCeHaOCHs){ P( CHs)z( Ce") ) 
was dissolved in 3 ml of diethyl ether andacetyl chloride (0.0174 
g) was added. The flask was cooled a t  -10" for 12 hr and 
white crystals separated. The ether was removed under reduced 
pressure and the white crystals were recrystallized from dichloro- 
methane and ether to  give c ~ s - P ~ C H ~ C ~ ( C N C ~ H ~ O C H ~ ) (  P(CH3)z- 
(C6H6)) (0.055 g). 

( f )  Preparation of [PtCHa(CNC6H40CHa)(CNC6H4CH3)( P- 
(CHa)sCeHa ) ]  +(PFe)-.-To a solution of PtCHaCI(cNCeH4- 
OCHa)( P ( C H ~ ) Z ( C ~ H ~ ) ) ~  (0.185 g) and p-tolyl isocyanide 
(0.040 g) in 10 ml of methanol was added AgPF6 (0.095 g). A 
thick white precipitate formed immediately. The solution 
was stirred for 10 min, then heated to BO", and filtered to remove 
the silver chloride. On cooling, white plates separated which 
were filtered and washed with ether and then recrystallized from 
dichloromethane and ether to give [ P ~ C H ~ ( C N C B H ~ O C H ~ ) -  
(CNCeHdCHs) ( P(CHs)z(CeHa) ) I'(pF6)- (0.082 g). 

( 9 )  Preparation of [P~CI(CNCBH~CH~){ P(CHs)z(CC") )2]  +- 

(PFa)-.-To a suspension of cis-PtCln( P(CHs)z(C&) ]Z (0.208 
g) in 10 ml of methanol was added AgPFe (0.095 g) in 2 ml of 
methanol. The mixture was stirred for 10 min and the silver 
chloride was removed by centrifugation to give a pale yellow 
solution. +Tolyl isocyanide (0.044 g) was added and the solu- 
tion turned colorless and a white precipitate formed. The 
volume of the solvent was reduced and the solid was filtered, 
washed with ether, and recrystallized from hot methanol to give 
[PtC1( CNC6H4CHa)( P( CHa)z( CeHs) )z]+(PFe)- (0.128 g ) . 

(h) Preparation of [Pt(CNC2H6)2{ P(CHs)(C&)z)t] (BF&.- 
Ethyl isocyanide (0.029 g) was added to a suspension of CZS- 
CIIPt{ P(CHa)(CaHa)2)z (0.176 9). The resulting clear, colorless 
solution was stirred for 10 rnin and NaBF4 (0.058 g) in methanol 
was added. A slight precipitate formed and the methanol was 
removed under reduced pressure. The complex was extracted 
with 10 ml of dichloromethane. The solution was filtered and 
ether was then added dropwise to  give white crystals of [Pt- 

(i) Preparation of [Pt(CNC2Hs)( C(NHC2H6)(NHC&)) { P- 
(CHa)2C& )2]  (PF6)z .-A suspension of [Pt (CNCIHS)~ ( P(CHs)z- 
CeH5)Zl (PF6)2 (0.350 g) in 10 ml of tetrahydrofuran and 2 ml of 
aniline was refluxed for 24 hr to give a clear solution. The sol- 
vents were removed under vacuum to give a clear yellow oil which 
was dissolved in dichloromethane and chromatographed through 
a short Florisil column. The dichloromethane was removed on 
a rotary evaporator and the clear, colorless oil was dissolved in 
methanol. Diethyl ether was added until the solution became 
slightly cloudy; then the flask was placed in a refrigerator a t  
-10" for 2 days to yield white crystals of [Pt(CNC1Hs)z( C- 
(NHCtHs)(NHCaHs) ] {  P(CHa)zCeHs)z] (PF6)z (0.153 9). 

(j) Preparationof [Pt(CNCZHa) { C(NHCzHa)(OCzHs)} {P(CHa)z- 
c&)2] (PF,)2.-A suspension of [Pt(CNGHs)z{ P(CHz)zC&s 121- 

(PF6)g (0.400 g) was refluxed in ethanol for 10 days to give a 
dirty yellow solution. The methanol was removed under vacu- 
um and the resulting oil was chromatographed as above with 
dichloromethane. The solvent was removed on a rotary evap- 
orator and the oil was dissolved in methanol. The addition of 

[PtCHa( P(CHa)z(CeHa) ]z(CNCeHaNO2)] [B (CaHa)4] (0 233 g) . 

(0.1 11 g ) 

(cNCzHs)z( P(CHa)(CeH6)2)] (BF4)Z (0.187 g). 



510 Inorganic Chemistry, Vol. 11, No. 3, 1972 SELBIN, BALLHAUSEN, AND DURRETT 

diethyl ether and subsequent cooling at  -10" yielded off-white 

(PF6)z (0.087 g). 
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The theory of 5f1 systems has been extended from Oh symmetry species, such as UXe-, to "tetragonally" distorted, more 
recently prepared species, UOXs2- (X- = F-, C1-, Br-). The semiempirical calculation was carried out specifically for 
UOClj2-, by beginning with the 5f1 energy levels of U6+ (in UCle-) split by the O h  crystal field and by the spin-orbit coupling 
and perturbed by the effects of the lower symmetry field. The results (using the O h  notation) are that (1) the r7 ..-t I'7' 
transition is left nearly unaltered, (2) the level leads t o  a very 
low-lying electronic band, (4) the energy is greatly increased, and ( 5 )  the average g value is left relatively unchanged. 
A careful study of the spectrum of UOClj2- in the 300-25,000-~m-~ range and of the esr spectrum has demonstrated the 
accuracy of these predictions. We feel there is now an understanding of the electronic and esr spectra of UOXj2- and other 
U(V) compounds whose structures are less certain. New complexes of the UOa+ entity are reported. 

and Fa' quadruplet levels are significantly split, (3) the 

Introduction 
There have been relatively few spectral studies for 

compounds of uranium(V), ld4 primarily because of the 
unavailability of compounds and the great instability 
of most of those which are known. Nevertheless, the 
electronic simplicity of this chemical system, [Rn]5f l, 
presents some unusual opportunities for obtaining a 
deeper understanding of internal 5f electronic transi- 
tions generally and specifically the case of intermediate 
ligand fields not perturbed by interelectron repulsion. 
With the recently published work of Ryan3 and with 
our own recent experimental studies, we now have elec- 
tronic spectral data on the octahedral species, Ups-, 
Uc16-, and UBrs-, as well as on the series of lower sym- 
metry new monooxo species, UOFs2-, UOC152-, and 
UOBrb2-. It therefore seemed appropriate to reex- 
amine the theory of the 5fl system in Oh and to then ex- 
tend this to lower symmetry species. These new theo- 
retical results are reported in this paper. The new re- 
sults have also made i t  possible to rationalize the gen- 
eral features of the spectra of other uranium(V) solid 
compounds and solution species whose structures are 
unknown. In addition, we report a new route to 
UOC12-, its esr spectrum, and the first preparations of 
complexes of monooxouranium(V), U03+, containing 
ligands other than just halide ions. 

Experimental Section 
A. Preparation of Compounds. 1. UCla.TCAC (TCAC = 

Trichloroacryloyl Chloride, ClZC=CC1COC1) .-This was prepared 
as previously described.2 Since it, as well as most compounds of 
uranium(V), is extremely sensitive to both 0% and HzO, most 

(1) J. Selbin and J. D.  Ortego, Chem. R e v ,  69, 657 (1969). 
(2) J Selbin, J D. Ortego, and G Gritzner, Inovg. Chem., 7, 976 (1968). 
(3) J L Ryan, J .  1noi.g. Nzicl. Chem., 88, 153 (1971). 
(4) J. L. Ryan, Int. Rev. Scz , in press. 

preparative and handling work was carried out in a steel drybox 
with a nitrogen atmosphere rigorously free of oxygen and mois- 
ture. 

2 .  [ (CZH;)~NI]UOC~~, Tetraethylammonium Oxopentachloro- 
uranate(V).-Undried tetraethylammonium chloride was dis- 
solved to approximate saturation in nitromethane. The solu- 
tion was then diluted 10-fold with undried acetone, filtered, and 
then poured into a flask containing solid (red-orange) UC1,. 
TC4C (about 50 ml of solution per gram of solid). The blue 
compound which formed immediately was filtered, washed with 
dried (using anhydrous CaS04) acetone, and then dried in a 
stream of dry nitrogen. It proved in every way to be the same 
compound prepared by Ryan,3 who used (C2Hs)aNUClO as 
starting material. Anal. Calcd for C16H~oN~UOC15' c, 27.78; 
H, 5.83; N, 4.05. Found: 

3. [(CZH~)~N]ZUOC~~,.CSH~NZ., Tetraethylammonium Oxopen- 
tachlorouranate(V)-Phthalazine Add~ct.~-Undried tetraethyl- 
ammonium chloride was dissolved to  approximate saturation 
in spectroquality nitromethane, diluted 10-fold with undried 
reagent grade acetone, and filtered. The reagent grade 
phthalazine (recrystallized from ethyl ether and vacuum sub- 
limed) was dissolved in this solution and the resulting solution 
was added to a flask containing solid UClssTCAC. (A slight 
excess over 1:l mole ratio of the phthalazine was used.) The 
immediate reaction produced a bright green solid, which was 
filtered, washed with dry acetone, and dried in a stream of dry 
nitrogen. The electronic spectrum of the product showed that 
it contained no more than 1-3Y0 U(1V) and U(V1) species. It 
was characterized by dta, tga, electronic spectra, and ir spectra. 
Anal. Calcd for C ~ ~ H ~ O N Z U O C ~ ~ +  CxHeKz: C, 35.07; H, 5.64; 
N, 6.82. Found: C, 33.98; H, 5.61; N, 6.68. 

4. [(CzHa)aN];UOCls. 2C1zHsN2, Tetraethylammonium 0x0- 
pentachlorouranate(V)-Bis(1,lO-phenanthroline) Add~ct.~-Un- 
dried (C*H6)4NCl was dissolved to approximate saturation in 
spectroquality nitromethane, then diluted 10-fold with undried 
reagent grade acetone, and filtered. To 50 ml of this solution 
was added 0.831 g (4.61 mmol) of o-phenanthroline as purchased 
from Aldrich Chemical Co. The resulting solution was then 

C, 27.61; H,  5.93; N, 4.06. 

(5) We cannot name our compound more precisely yet since we do not 
know for sure, but only surmise, that the organic ligands are bonded directly 
to  the Uranium in the UO3+ replacing chlorides from the first coordination 
sphere. 


