
N-0 bond decreases upon coordination. The fact that  
the N-0 frequency of the aliphatic amine N-oxides 
shows little or no shift on coordination can be attributed 
to the single-bond character of the E-0 bond. Co- 
ordination relieves the electron density around the 
oxygen but has little effect on the K-O bond. 

Experimental Section 
Preparation.-The ligand p-bromodimethylanilime K-oxide 

was prepared by oxidizing p-bromodimethylaniline with hydrogen 
peroxide and acetic acid. The complexes were prepared by 
adding an acetone solution of the ligand to an acetone-dimeth- 
oxypropane solution of the metal salt. The complexes usually 
formed when stirred for several minutes. 

Physical Measurements.-The infrared spectra were taken as 

Yujol mulls on a Beckinan IK5B recordiiig spectropliotoiiiet~.r 
with NaCl optics. The visible spectra were obtained with a 
Cary Model 14 recording spectrophotometer. Conductance data 
were obtained using a conductance bridge manufactured by 
Industrial Instruments Inc. The decomposition products were 
studied with the aid of thin layer chromatography. 

Analyses.-Carbon, hydrogen, and nitrogen analyses were 
performed by .\Ifred Bcrnhardt hlikroanalytisches Laborator- 
ium, Miilheim, West Germany. 
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Correspondence 
Stereochemically Nonrigid Organometallic 
Compounds. VI. Configurational Equilibria 
of T-C~H,MO(CO)~ Allyl Complexes 

Sir : 

Recently evidence has been presented1, that  the 
temperature dependence of the nmr spectra and their 
eventual collapse to dynamic &X spectra of certain T -  

allyl complexes is due to a rapid exchange betxeen a 
n-bonded group and a short-lived cr-bonded intermedi- 
ate. In  certain isoleptic n-allyl complexes, such as 
Zr(n-C3H6)4 and Pd(r-CaHJ2, Becconsall, et al.," and 
Wilke, et u L . , ~  have rationalized the teniperature-de- 
pendent spectra as resulting from internal rotation of 
the CH? protons about the C-C bond which leads to an 
averaging of the syn  and anti protons to give A4X 
spectra. The former authors rejected a PT intercon- 
version on their misinterpretation3b of their incom- 
pletely averaged high-temperature spectrum of Pd(T- 
C3H& It has been pointed out that  other mechanisms 
can lead to temperature-dependent spectra for T -  

allyl ligands: either rotation of the T-allyl about 
an axis through the C-C-C plane' or a mechanism in- 
volving a flip through a planar intermediate.5 The 
former mechanism does not interconvert the syn and 
anti protons of the allyl ligand, is clearly operative in 
the case of Rh(r-C3HJ3, and is very probable in the case 

(1) F. A. Cotton, J. W. Faller, and A. Musco, Inorg. Chem., 6 ,  179 (1967). 
(2) K. Vrieze, C. MacLean, P. Cossee, and C. W. Hilbers, Rec. Trao. Chim., 

8 6 ,  1077 (1966). 
(3) (a) J. K. Becconsall, B. E. Job, and S. O'Brien, J .  Chem. Soc., Sect. A ,  

123 (1967): (b) the broadening and partial collapse of the nmr spectra of Pd- 
(;r-CaHa)i in  t h e  incompletely averaged range ( c a .  +30-70°) was suggested 
to be due to the onset of the internal rotation mechanism. Since the limiting 
spectrum was not observed, no valid conclusions can be drawn but there is a 
remarkable similarity between this behavior and that for (Ir-CaHs)Mo- 
(CO)z(a-CaHa). 
(4) G. Wilke, B. Bogdanovic, P. Hardt, P. Heimbach, W. Keim, M. 

Kroner, W. Oberkirch, K,  Tanaka, and  n. Wfrltpr, 4 '?1qm.  Chr?n. I?rlevn. Ed. 
B?irl., 6 ,  151 (1966). 

( 5 )  Cf. the discussions of the  article by G. Wilke, et  ai., in "Proceedings 
of the 9 th  Robel-t A.  Welch Conference on Chemical Research, Nov 13-17, 
1!JO6," especially those by F. A. Cotton, p 184. 

of Pd(rr-CyH6)2 although the data cited are in~ufficient.~ 
KingG has claimed that the existence of four infrared 
carbonyl stretching frequencies in (T-C~H~)MO(CO)~-  
(a-C3H5) and similar species is due to the presence of 
cis and trans isomers based on a piano stool arrange- 
ment of the allyl ligand and the two carbonyl groups 
about the (n-CsH6)Mo moiety. We present evidence 
which shows that for ( T - C ~ H ~ ) M O ( C O ) ~ ( T - C ~ H ~ )  a more 
reasonable interpretation is one involving a configura- 
tional equilibrium between species which in a formal 
sense could be regarded as conformers. We reject the 
presence of cis and trans isomers for the following rea- 
sons: (i) It seems unreasonable from steric considera- 
tions to have the 7r-C3Hs group occupying the trans 
positions, but even more unlikely for the case of the 
CyH? group in (n-C~H~)Mo(CO)z(n-C7H7), which also 
shows four infrared-active carbonyl stretching modes. 
(ii) From numerous studies of the vibrational spectra 
of metal carbonyls, i t  is known that the interaction 
constants k ,  and kt betn-een pairs of cis and trans CO 
groups obey the approximate relationship k ,  = 2k,.' 
This leads to a marked difference between the separa- 
tion of the symmetric and antisymmetric stretching 
modes in the cis and trans isomers, contrary to that 
observed in this case. (iii) The variable-temperature 
nmr spectra of Figure 1 show quite clearly that a t  low 
temperature (ca. - 10 to - 50') the interconversion 
is slow enough to distinguish two distinct n-allyl groups 
and that these become averaged to a spectrum typical 
of a n-allyl (2.e.) AA'BB'X) a t  +130°. 

The temperature dependence was essentiallya the 
same in CDC13 and CsHs throughout the range from 
+ 10 to +40°. However, spectra could not be obtained 
over the entire range in chlorinated solvents because of 
rapid decomposition at temperatures greater than ca. 
$50'. It is clear that  the averaging process a t  +130° 

(6) K. B. King, i ~ o r g .  Chum., 5,  2242 (19tiO). 
(7) F. A. Cotton and  C. S. Kraihanzel, J .  Am.  Chewi. Soc.,  84, 4432 (1962). 
(8) Solvent shifts for the various environments were ohseived in these 

sl,ectra. 
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(a )  ( b )  
Figure 1.-The temperature dependence of the nmr spectra of (rr-c5Hj)Mo(CO)*(rr-CaHj), (a )  in CDC13 and ( b )  in CsHe. The high- 

temperature spectra were obtained using sealed tubes on a L'arian A-60 spectrometer equipped with a variable-temperature probe. 

A 

A 

B 

Figure 2.-Probable configurations of ( rr-C5H~)Mo( C0)z- 
( r-CaHs). The cyclopentadienyl protons have been omitted for 
simplicity. 

involves an equilibrium between different configura- 
tions, which is rapid compared to the nmr time scale. 
At low temperatures two isomers exist in unequal 
amounts (cu. 1 : 7). While we cannot specify the exact 

mechanism for the interconversion (k, rotation about 
an axis through the C-C-C plane or an equivalent 
operation which does not interconvert the syn and anti 
protons), we feel that the two most likely structures for 
the species are those shown in Figure 2, with 2A most 
probably being the more stable.g 

(9) This work was supported by h-ational Science Foundation Grant G.P. 
6672. 

(IO) NSF Student Participant, 1966-1Y67. 
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On the Electronic Structure of the 
Tris(2,2'-bipyridyl)chromium(II) Ion 

Sir: 
In  an earlier paper1 we reported the magnetic suscep- 

tibility a t  several temperatures for the low-spin d4 com- 
plex, tris(2,2'-bipyridyl)chromiuin(II) bromide tetra- 

(I)  A. Earnshaw, L. F. Latkworthy, K. C. Patel, K. S Patel, R. L. Carlin 
and E. G. Terezakis, J .  Chsm. SOL., Ssc1. A ,  511 i l906).  


