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Table I .  Average Distances ( A )  and 
Angles (deg) in CrPh, (THF) ,  

Bond Distances 
Cr-0 2.225 (10)  C-C(THF) 1.510 (13) 
Cr-C 2.060 (10) C-C(Ph) 1.41 5 (8) 
C-0 1.485(6)  

Bond Angles 
0 - C r - 0  83.2 (3) 0-Cr-C( trans) 172.0 ( 4 )  
C-Cr-C 93.9 (4) 0-Cr-C(cis) 91.2 (6)  

number of organochromium complexes which have been 
derived from the title complex via ligand exchange. This 
communication therefore reports the results of the X-ray 
diffraction studies on CrPh3(THF)3. 

Cr(C6H5)3(OC4H8)3 was synthesized from anhydrous 
CrC13 according to literature methods.sb However, it was 
observed that running the reaction for longer periods of 
time (24-30 h) a t  -30 "C gives a better yield: i.e., one 
obtains material almost free of the side product Cr(C6- 
H&.3MgBrCl.GTHF. Large red needles of the complex 
were obtained through repeated recrystallizations from 
THF. These pyrophoric crystals showed a pronounced 
tendency to decompose when removed from the mother 
liquor in a dry atmosphere. Thus the crystals were 
mounted under a continous flow of argon in a glass ca- 
pillary at  low temperature by using a specially designed 
cross-shaped glass device.14 Once mounted, the crystals 
were found to be stable a t  room temperature. 

The X-ray diffraction data were collected a t  room tem- 
perature on a Nicolet/Syntex P2' diffractometer using Mo 
K a  radiation. The complex crystallizes in the monoclinic 
space group E 1 / n  with two independent molecules per 
unit cell: a = 17.330 A, b = 15.634 A, c = 21.931 A, 6 = 
94.09', and Z = 8. The initial positions of the chromium 
atoms were obtained through direct methods,15 while the 
remaining non-hydrogen atoms were located in subsequent 
difference Fourier maps. The structure was refined16 by 
full-matrix least-squares techniques to a final agreement 
factor of R = 0.102 for the 2698 independent reflections 
with I > 3 4 0 .  The relatively high R factor is undoubtedly 
due to the fact that  the T H F  ligands are partially disor- 
dered,17 a commonly observed phenomenon.18 

An ORTEP plot of the molecule is shown in Figure 1, and 
average distances and angles listed in Table I. Other 
results of the structural analysis are available as supple- 
mentary material (see paragraph at  end of paper for de- 
tails). As expected, the Cr atom is octahedrally coordi- 
nated by three a-bonded phenyl ligands and three T H F  
molecules. Most importantly, the molecule is found to 
exist in a cis(facial) configuration. It is interesting to note 

Figure 1. Molecular plot of C I P ~ , ( T H F ) ~ .  

that the six ligands are arranged in three mutually per- 
pendicular planes: each opposing pair of Ph  and T H F  
ligands are approximately coplanar and are perpendicular 
to the other two Ph/Cr/THF planes. The Cr-C bonds are 
all significantly shorter than the Cr-0 bonds, probably 
reflecting the presence of p r - d r  back-bonding on the part 
of the "soft" phenyl ligands as opposed to the lack of such 
interactions for the "hard" THF ligands. The average 
Cr-C distance compares well with those of several closely 
related  structure^'^^'^ including that of the [Cr(C6H5)6]2- , 
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Summary: Reduction of [CpFe(NO)], (1) with sodium in 
DME gives the novel radical anion salt Na[CpFe(NO)],.1.5 
DME (3). Complex 3 can be doubly methylated, leading 
to 2; this material rearranges to mononuclear complex 4 
in which migratory insertion of NO occurs in the presence 
of PMe,. 

Although migratory insertion reactions involving metal 
alkyls and coordinated nitric oxide are less well-known 
than those' involving CO, several recent studies suggest 
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that this situation may be changing.2 In light of these 
discoveries, we were intrigued by a report of Brunner and 
Wachsmann, which has been in the literature for several 
years, concerning the chemistry of the cyclopentadienyl- 
nitrosyliron dimer l.3 These workers reported that 
chemical reduction of dimer 1 leads to the iron dianion 
[CpFeN0]22-, which may be alkylated to give dinuclear 
dialkyl complex 2.4 

Little was reported about the chemical properties of 2, 
other than an indication of its equilibration with para- 
magnetic [ CpFe(N0) (CH,)]. Because of the possibility 
that  2 might be a source of complexes capable of under- 
going nitric oxide migratory insertion, we have undertaken 
a reexamination of this system. We wish to report some 
unexpected results, which include the following: (1) The 
material formed on chemical reduction of dimer 1 is not 
a dianion but is instead the paramagnetic dinuclear radical 
anion 3. (2) Despite the fact that complex 3 possesses only 
one negative charge rather than two, it is in fact the ma- 
terial that  leads to dinuclear dimethyl complex 2, in 
analogy to the behavior of the isoelectronic dinuclear cobalt 
carbonyl radical anion [C~CO(CO)]~- . .~  (3) Compound 2 
is not thermally stable and does not cleanly sublime but 
instead undergoes an alkyl transfer reaction giving the new 
mononuclear dialkyl complex 4. Dialkyl complex 4 can be 
induced to undergo nitric oxide migratory insertion, al- 
though this reaction is considerably less efficient than the 
corresponding process observed for CpCo(N0) (CH3).2a,b 

By reduction of Brunner's doubly bonded dimer 1 with 
sodium dispersion in DME, followed by filtration and re- 
crystallization, we have been able to isolate an intensely 
colored red solid, for which 'H NMR in CD,CN shows only 
the resonances of free DME. The IR spectrum of this 
material in CH3CN or DME shows a single absorption in 
the metal-bound nitrosyl region at  1404 cm-', approxi- 
mately 100 cm-' lower in energy than that of the neutral 
dimer 1 at 1506 cm-' and indicative of a bridging nitrosyl 
moiety in a highly reduced compound. Thus we made the 
tentative assignment of the reduction product of dimer 1 
as the paramagnetic solvated radical anion salt Na- 
[CpFe(NO)I2-1.5DME (3).6 Assuming this constitution 
(see below), the yield of this complex was 73 % . 

This assignment was supported by the room-tempera- 
ture ESR spectrum of 3 in T H F  that shows a single line 
with g = 2.06, a width of 22 G, and no hyperfine coupling. 
The lack of hyperfine coupling may be indicative of the 
unpaired electron being in an orbital not localized on an 
atom with spin (e.g., nitrogen); alternatively, the coupling 
may be unresolvable due to the 22-G line width. The ESR 
spectrum of 3 in a dilute a-MeTHF glass (0.1 M) at  11 K 
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Table I. Ultraviolet-VisibleINear-Infrared 
Absorptions for Nitrosyliron and 
Carbonylcobalt Radical Anions 

&,ax, nm E ,  M-' cm-' 
compound (* 1 nm) (+ 20%) 

Na[CpFe( NO)] 2.1. 5DME 221 173000 
253 39000 
352 5500 
460 sh 
530 1200 
604 sh 
870 2 50 

1280 640 
Na[CpCo(CO)], a 325 sh 

372 4800 
580 sh 
715 34 
835 sh 

1180 36 

a Unpublished results of Neil E. Schore and Robert G. 
Bergman. See also ref 5b. 
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showed only the anistropy of the g tensor, but no hyperfine 
coupling. An acceptable elemental analysis could not be 
obtained for highly air-sensitive 3.l However, conductivity 
measurements in CH&N gave an average value of A, = 
130 R-' cm2 mol-l. This is well within the acceptable range 
of 120-160 R-' cm2 mol-' for a 1:l electrolyte.8 Semidif- 
ferential cyclic voltammetrp measurements on 3 (1 x 
M) in 0.1 M tetraethylammonium perchlorate in CH3CN 
at  22 "C (Pt electrode) show a reversible one electron wave 
at  -1.38 V relative to Ag/AgN03 (0.01 M) (rest potential 
-0.325 f 0,010 V) and no further reduction in CH3CN. 
This is consistent with 3 being the one electron reduction 
product from 1 and means that [CpFe(NO)],-. is 0.33 V 
more reducing5b than [C~CO(CO)]~-.. By analogy to Na- 
[CpCo(C0)l2, 3 is best described as a "class 111" or com- 
pletely delocalized mixed valence compound with each 
metal atom in the formal Fe (+1.5) oxidation state 
(counting NO as a 1- charged ligand). This is confirmed 
by the strong similarities between the UV-visible/near- 
infrared electronic spectra of 3 and Na[CpCo(CO)lz (Table 
I), especially the long wavelength bands at  870 and 1280 
nm which have been observed for other class I11 com- 
plexes.1° 
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