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in THF, and repetition of this procedure several times resulted 
in solutions in which the ratio of 1 to RMgX was greater than 
9:1. A disadvantage of this procedure is that only 10-20% of 
the available 1 is recovered. The second procedure involved 
treating the initially formed mixture of organomagnesium 
reagents with additional 1 and subsequent transmetalation of 
the resulting mixture of diorganomercury compounds. With 
this method 30-mmol quantities of 1 can be prepared routinely 
in solutions in which the ratio of 1 to RMgX is ca. 2:1. At­
tempts to produce more homogeneous solutions of 1 with this 
process are frustrated by increasingly slow transmetalation 
rates and decreased yields of I.10 Utilization of these two 
techniques in combination permits the preparation of useful 
quantities (5-10 mmol) of 1 in solutions containing no more 
than ca. 20 mole % of this quantity of monofunctional Grignard 
reagents. 

Acknowledgment. We thank Drs. Cathy Costello and Klaus 
Biemann for GLC-mass spectra, and Mr. Michael RiGhard 
for assistance with other mass spectra. 

Supplementary Material Available. Experimental procedures for 
the preparation of 1 and 2 (4 pages). Ordering information available 
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Carbon Dioxide Coordination Chemistry. 3.1 Adducts of 
CO2 with Iridium(I) Complexes 

Sir: 

The present concern about alternate petrochemical feed­
stocks has heightened interest in the chemistry of carbon 
dioxide. One area under active consideration involves CO2 
activation via coordination to a transition metal complex.2 

Several adducts of CO2 have been claimed and two of these 
have been characterized crystallographically ( I 3 and 2 l b) . We 

report the preparation and properties of the novel family of 
adducts [IrL4] Cl-CO2, L = trialkylphosphine or -arsine. 
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A representative adduct is formed from the highly reactive 
orange complex [ I r ( (CH 3 ) 2 PCH 2 CH 2 P(CH 3 ) 2 ) 2 ]Cl 
([Ir(dmpe)2]Cl)4 which is formed upon reaction of Ir2-
Cl2(cyclooctene)4 with 2 equiv of dmpe.5 When a suspension 
of [Ir(dmpe)2]Cl in benzene is pressured to 1 atm of CO2 at 
room temperature, the orange solid is bleached white within 
seconds. The same white solid is obtained from suspensions in 
other hydrocarbons or ethers, from benzonitrile solution or with 
dry [Ir(dmpe)2] Cl. The total elemental analysis of the resul­
tant white solid indicates the stoichiometry Ir(dmpe)2Cl-C02 

(3).6 3 dissolves in acetonitrile, acetone, or methylene chloride 
with liberation of the CO2. Treatment with HCl or thermal 
decomposition of the solid at 200 0 C also causes CO2 evolution. 
The bound CO2 may be displaced by various small molecules 
(L) to yield [Ir(dmpe)2(L)]Cl5 (L = CO, PMe3, CS2) or cis-
[Ir(H)2(dmpe)2]Cl5 (L = H2). The above properties suggest 
that the bound CO2 functions as a discrete ligand. Attempts 
at solution characterization have not been successful. 

Ir(dmpe)2Cl'C02 , 3, displays two strong IR bands due to 
the bound CO2 at 1550 and 1230 cm - 1 , as confirmed by iso­
tope labeling.7 Heating a solution or suspension of this adduct 
at ~120 0 C in a closed system transforms it to a solid with the 
same C, H, O analyses but with IR bands at 2180 and 1640 
cm - 1 replacing those mentioned above. Isotope labeling affords 
IR bands at 2180 and 1622 cm - 1 with C1 8O2 and at 2180 and 
1600 cm - 1 with 13CO2. The 2180-cm"1 band is assigned to 
eir-H consistent with various other iridium(III) hydrides.8'9 

The IR band at 1640 cm - 1 , shown to be due to the bound CO2, 
is assigned to Pc=O of a monodendate carboxylate.10 Thus the 
above data suggest that a coordinated dmpe has been meta-
lated and carboxylated. The simplest formulation of this 
transformation is: 

Ir(dmpe)2Cl-C02 

3 
—»-[Ir(H)(Me(CH2C02)PC2H4PMe2)(dmpe)]Cl 
heat ' . I 

Whether this product is mononuclear and what its structure 
is are not yet known. Interestingly, in the absence of CO2 , 
metalation is not observed. Apparently, as reported for other 
systems,13 carboxylation is more favorable than metalation 
alone. The enhanced stability may be due to the increased size 
of the metallocycle. 

CO2 forms adducts like 3 with other complexes. Thus the 
orange [Ir(diars)2]Cl5 (diars = o-phenylenebis(dimethy-
larsine)) readily binds 1 equiv of CO2 with concomitant 
bleaching of the orange complex and development of strong 
new IR bands at 1550 and 1220 cm - 1 . Increasing the ligand 
bulk attenuates [IrL4]"

1" reactivity toward CO2 and other small 
molecules such that, in contrast to [Ir(dmpe)2]Cl, the complex 
[Ir(Et2PC2H4PEt2)2]Cl4 binds and retains CO2 only at >3 
atm CO2 pressure. The corresponding rhodium complexes 
react with difficulty with CO2, suggesting that metal basicity 
is an important prerequisite to CO2 adduct formation. 

The CO2 derived IR bands of these one to one adducts 
should be contrasted with the 1740 and 1150 c m - 1 bands of 
I.3 The different IR spectra imply significantly different 
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structures for 1 and for 3 and its congeners. The latter adducts 
may contain 

O 
Ir—C. 

configurations rather than the 

O 
N i — J 

grouping of 1. Further research on the nature and reactivity 
of CO2 adducts is in progress. 
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Isolation of 9,9'-Bis-9-azabicyclo[3.3.1]nonane 
Radical Cation Hexafluorophosphate, and Its 
Reversible Oxidation to the Dication 

Sir: 

Cyclic voltammograms for the oxidation-reduction of many 
tetraalkylhydrazines (1) show the wave shape expected for 
nearly reversible (rapid) electron transfer at room temperature, 
allowing convenient determination of the standard oxidation 
potential, E]0, for these compounds.1 Deprotonation of I+* 
would lead to its destruction, since the resulting a-hydraz-
inoalkyl radical would be more easily oxidized than 1. Proton 
loss from I+* is clearly far slower than from alkylamine radical 
cations; alkylamines show irreversible cyclic voltammograms, 
attributed to rapid deprotonation of the radical cation.2 Al­
though many tetraalkylhydrazine radical cations persist for 
hours to days at millimolar concentrations, previous attempts 
at isolation of l+ > salts, even in the cold, have led only to their 
decomposition. The cation radical lifetimes are distinctly 
shorter at high concentrations.3 

R2N-NR2 ====- R2N—NR2 .E1
0 

1 6 I+-

The structures of I+* are indicated by ESR studies4 to have 
nearly parallel spin-bearing orbitals on nitrogen, and low ac­
tivation energies for bending at nitrogen; they have a "three 
electron -K bond".5 Removal of the formally antibonding x 
electron might be expected to be relatively facile, and a second, 
irreversible oxidation wave with a peak potential above +1 V 
vs. SCE was observed for several examples of 1, and attributed 
to removal of the second electron.5 The dication I 2 + , with its 

R2N-NR2 i = R^N=NR2 E2
0 

+e 
I+- I2 + 

adjacent positive charges, would be expected to deprotonate 
or react with nucleophiles very rapidly, so it is not surprising 
that the dication lifetime is short, making the second oxidation 
wave irreversible. We hypothesized that the reason for our 
failure to be able to concentrate I+* solutions without de­
struction of the radical cation is that l+«disproportionates to 
give the extremely reactive dication and basic hydrazine, 
leading to decomposition in spite of the low disproportionation 
constant. 

The bis-bicyclic tetralkylhydrazine 26 was prepared by 
photolytic nitrogen expulsion from the tetrazene7 obtained by 
iodine oxidation8 of 9-amino-9-azabicyclo[3.3.1]nonane.9 The 
cyclic voltammogram of 2 shows two completely reversible one 
electron oxidation waves, E\° = -0.01, E2

0 = +1.18 V vs. 
SCE, in acetonitrile at room temperature, even at 20 mV/s 

N - N : 

R \ + + ^ R 
,N=NC 

3a 

S N — N ; 

Y 
3b 

scan rates. The lifetime of 22 + , even in the presence of the basic 
hydrazine, therefore exceeds several seconds. The geometri­
cally imposed requirement that the a-CH bonds be perpen­
dicular to the charge-bearing orbitals on nitrogen clearly has 
a huge effect on the rate of deprotonation, as anticipated on 
the basis that the deprotonated form is precluded from having 
iminonium ion resonance stabilization as indicated in 3b, a 
Bredt's rule effect. Because disproportionation of 2+* would 
not lead to its immediate destruction, we attempted isolation 
of this cation. Oxidation of 2 with nitrosonium hexafluoro­
phosphate10 in methylene chloride gave gas evolution, and 
solvent removal gave crude 2+« PF6~, which was recrystallized 
from methylene chloride-chloroform or ethanol to give light 
yellow air stable flakes, 283-286 0 C dec.11 The ESR spectrum 
of this solid (powdered, 1O-4 m in KBr) consisted of a single 
broad line, 5.3 G peak-to-peak, and Faraday balance mea­
surements give Meff= 1 -82 (at 5.92 X 103 G), close to the value 
of 3 1 / 2 predicted for a doublet species with orbital moments 
quenched. Solutions are yellow (Xmax 345 nm, log 13.56 in 95% 
ethanol) and give the same intensity ESR spectrum as does 
electrochemical or chemical oxidation of 2 at the same con­
centration. The ESR spectrum consists of five broad lines in 
1:2:3:2:1 ratio, a(2N) = 13.15 G, with a fine structure of many 
lines separated by about 0.2 G partially resolvable with diffi­
culty. 

The systems most comparable to 2+» and 2 2 + in having one 
or two positive charges formally localized on adjacent het-
eroatoms are the mono- and dications of the eight-membered 
ring cyclic disulfide 4 reported by Musker, Wolford, and 
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