
4485 

gratefully acknowledged. The author wishes to thank 
Dr. J. D. Baldeschwieler and Messrs. S. Buttrill, R. 
Dunbar, and J. Garcia for many helpful discussions. 

(14) Public Health Service Special Fellow on sabbatical leave from 
the University of Cincinnati, 1967-1968. 

Fred Kaplan14 

Department of Chemistry 
Stanford University, Stanford, California 94305 

Received February 16, 1968 

On the Mechanism of Complex Formation and 
Solvent-Exchange Reactions of Iron(3+) 
in Dimethyl Sulfoxide1 

Sir: 

Complex formation reactions of 3 + aquo metal ions 
such as Fe3+ and Al3+ have presented special problems 
to chemical dynamicists. Apparent rate sensitivity to 
entering ligands (basicity dependence) suggests an 
associative mode of activation2 in an octahedral sub
stitution, but there is a "proton ambiguity." No kinetic 
test distinguishes paths 1 and 2. Seewald and Sutin3 

Fe(OH2)C
8+ + X - — • 

Fe(OH2)5OH2+ + HX • 

Fe(OH2)5X2+ + H2O (1) 

- > • Fe(OH2)5X + H2O (2) 

and Carlyle and Espenson4 have produced ingenious 
indirect arguments supporting path 2 in some cases. 
If they are right, Fe3+ falls within the common dissocia
tive pattern of octahedral substitution. 

For the light they may shed on the "proton am
biguity," reactions of Fe3+ in dimethyl sulfoxide 
(DMSO) should be interesting. DMSO is an aprotic 
solvent in which metal ions have been shown to display 
kinetic behavior similar to their behavior in water.5'6 

We have prepared Fe(DMSO)6(N03)3 by heating 
Fe(NOs)3 -6H2O in DMSO. Lemon yellow crystals 
form on cooling which may be recrystallized from 
DMSO. Anal. Calcd for FeC12H36O9S6N3: C, 
20.30; H, 5.11; N, 5.91. Found: C, 19.89; H, 
5.09; N, 5.99. Reactions of Fe(DMSO)6

3+ with SCN-
(ionic strength 0.024 maintained with NaNO3) and sul-
fosalicylic acid (SSA) were examined at 25° in a Dur-
rum stopped-flow spectrophotometer using wavelengths 
of 446 and 536 m û, respectively. Since rates of ap
proach to equilibrium were observed, the equilibrium 
constants for complex formation were estimated via 
the Newton and Arcand procedure7 from more ac
curate spectrophotometric data obtained using a Gilford 
240 manual spectrophotometer. All experiments were 
carried out using excess Fe(DMSO)6

3+ to ensure pseudo-
first-order kinetics and/or only monocomplex forma
tion. Experimental concentration ranges were: Fe3+, 
1-4 X 10- 3 M; ligand, 1-6 X 10-4M. 

We report over-all equilibrium constants for complex 
formation (precise to ^ 5 %) and second-order rate con
stants for complex formation as follows: SCN - , 1180 
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Figure 1. Paramagnetic broadening of DMSO proton resonance 
by Fe3+ as a function of temperature. Data are reported for 0.01 
and 0.02 M solutions and presented normalized to 0.02 M. 

M- 1 and 670 ± 10 M"1 sec-1; SSA, 420 M~l and 23 ± 
4 M~1 sec -1. 

Proton magnetic resonance spectra of DMSO and 
DMSO containing 0.01 and (at higher temperature) 
0.02 M Fe(DMSO)6

3+(NOs)3 were recorded as a func
tion of temperature. Paramagnetic line broadening 
(line width corrected for ^ 1 . 5 Hz pure solvent line 
width) as a function of IjT is presented in Figure 1 
normalized to 0.02 M Fe3+. The observed broadenings 
are small for precise analysis since they are precise to 
±0.2 Hz (solubility limitations prevent study of higher 
concentrations). An "Arrhenius region" is seen be
tween about 80 and 100°. Following established pro
cedures,8 including correction for the low-temperature 
outer-sphere broadening, a solvent-exchange rate con
stant of 1400 ± 200 sec-1 is estimated for 100°. The 
activation energy, Ea, is 10 ± 2 kcal/mole; thus the 
solvent-exchange rate at 25° is estimated to be approxi
mately 50 sec -1. These values relate to the correspond
ing ones for H2O exchange as might have been ex
pected.5,6 

According to Eigen's9 mechanism, a complex forma
tion reaction is written as 

Fe(DMSO)6
3+ + L»- i Fe(DMSO)6

3+,L»- — > 

Fe(DMSO)5L'3"»)+ + DMSO (3) 

Observed second-order rate constants, /c2, are interpreted 
as fe = Kki, where K is the equilibrium constant for 
outer-sphere association, and k\ is the first-order rate 
constant for outer-sphere to inner-sphere conversion. 
For neutral ligands, K is expected to be of the order of 
unity. o Using Fuoss' theory10 and an ion size parameter 
of 5 A, K for SCN - is estimated to be 106 (at ionic 
strength 0.024). The ki values may then be approxi
mated for the various ligands as: DMSO, 50 sec -1; 
SCN-, 6.3 sec-1; SSA, 23 sec-1. The clustering of 
these values suggests substitution insensitive to entering 
ligand and a normal dissociative mode of activation. 

We are examining other ions. Negative AS* values 
have recently been cited as evidence of the associative 
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mode in reactions of V3+.11,12 It is interesting to note 
that AS* is - 1 1 ± 4 eu at 100° for Fe(DMSO)6

3+ ex
change and - 1 6 eu for Ni(DMSO)6

2+ DMSO ex
change.5 V(DMSO)6

3+ should be especially interesting. 
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Dihalocarbene Insertions into Optically Active R3Si*H 
with Retention of Configuration1 

Sir: 

Recently there has been much interest in carbene (or 
carbenoid) insertions into Si-X bonds in which X = 
H,2 C (ring strained),3 and Cl.4 We wish to report 
the first stereochemical studies on such insertions, using 
optically active a-naphthylphenylmethylsilane, R3Si*H.5 

Specifically, the present work involved insertion of CCl2 

and CBr2 using the appropriate organomercury com
pounds, trichloromethyl- and tribromomethylphenyl-
mercury, PhHgCX3.6 The general procedure com
prised refluxing a 200-ml benzene solution of the silane 
(40 mmol) and organomercury compound (40 mmol). 
Reaction times were 24 hr for PhHgCCl3 and 4 hr 
for PhHgCBr3. The phenylmercuric halide which 
formed was filtered, the solvent removed by distilla
tion, and the crude product taken up in CCl4 solvent. 
Unreacted R3Si*H in the crude product was converted 
to R3Si*OH by treatment with Cl2 followed by hydrolysis 
of the Si-Cl bond, and the product was then passed 
through a column of silica gel for removal of the R3Si*-
OH. This procedure gave R3Si*CHX2 of good purity 
as determined by infrared and nmr spectra and analysis 
for C, H, and X. Using dextrorotatory R3Si*H the 
insertions proceeded as follows. 

(+)-R3Si*H + PhHgCX3 — > (+)-R3Si*CHX2 

M D +35.0° X = Cl; H D +21.0° 
X = Br; [a]D +14.3° 

The problem of correlation of configuration be
tween R3Si*H and R3Si*CHX2 was overcome by prep
aration of the insertion products via independent 
syntheses involving reactions of known stereochemistry. 
The latter used organolithium reagents in coupling 
reactions with R3Si*Cl, a class of reactions known to 
proceed with inversion of configuration.7 The di-
chloromethyllithium reagent was prepared in THF 
solvent by the general low-temperature method pre-
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viously reported for a-chloroalkyllithium compounds.8 

retention inversion 

(-)-R3Si*H + Cl2 > (+)-R3Si*Cl > 
MD -35.2° MD +6.3° ^9

1J?2 

(+)-R3Si*CHX2 
X = Cl; MD +22.6° 
X = Br; MD +13.8° 

Dibromomethyllithium was prepared by the reaction 
of dichloromethyllithium with dibromomethane9 in 
THF solvent. Thus based on assignment of an in
version stereochemistry to the coupling reactions of 
LiCHX2 with R3Si*Cl, (+)-R3SiCHCl2 and (+)-R3Si*-
CHBr2 have the same configuration as (+)-R3Si*H 
and the insertion of CCk and CBr% into the silicon-hy
drogen bond proceeds with retention of configuration. 
The solid R3Si*CHCl2 from the coupling reactions was 
recrystallized up to constant rotation, [a]D -f-24.4°, 
indicating optical purity. From this it appears that 
the insertion proceeded with a high degree of stereo-
specificity, ~ 9 3 %. 

The insertion products of R3Si*H and those obtained 
by coupling reactions of LiCHX2 with R3Si*C1 had 
identical infrared and nmr spectra. 

The present finding of a retention stereochemistry 
for the insertion reactions of CCl2 and CBr2 with R3Si*-
H is certainly consistent with a three-center mechanism 
involving direct electrophilic attack of CX2 on the 
silicon-hydrogen bond (I). It is interesting to note 
that a very similar mechanism (II) has been advanced 
previously10 for the reactions of R3Si*H with X2 

(X = Cl or Br) which also proceed with retention of 
configuration. These reactions were postulated to 
involve electrophilic attack on R3Si*H by X + . Transi
tion states I and II both involve attack of electrophilic 

H H 

R3Si*' i R3Si*+ I 

CX2 ^ X 
I II 

species on the silicon-hydrogen bond,11 and both pro
ceed with retention of configuration. 
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A Distinctly Bent Metal-Nitrosyl Bond. The 
Preparation and Structure of 
Chlorocarbonylnitrosylbis(triphenylphosphine)iridium 
Tetrafluoroborate, [IrCl(CO)(NO)(P(C6Hs)3)2][BF4] 

Sir: 

We wish to report the first accurately documented 
example of a distinctly bent M-N-O linkage in a metal 
nitrosyl complex and to present an explanation for this 
unusual mode of bonding. 
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