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Fig. 1.—Portions of the spectra of 4,4,17a-trimethyl-17/3-
hydroxy-5-androsten-3-one in deuteriochloroform (upper) 
and in pyridine (lower). 

Pyridine was suggested2 as a useful solvent for 
n.m.r. studies on polar steroids. I t s n.m.r. spec­
t rum has been studied in detail3 and it consists of 
only two groups of lines a t rather low frequencies. 
I t was expected that resonance frequencies from 
samples dissolved in pyridine would be uniformly 
shifted from those ordinarily observed in chloro­
form due to the different magnetic susceptibili­
ties of the two solvents.4 

When steroid spectra obtained in deuteriochloro­
form and pyridine solvents were compared, marked 
differences appeared. Some of the lines were 
shifted much more than others. I t appeared tha t 
the pyridine preferred certain sites for coordination 
and tha t the large shifts were due to the anisotropy 
associated with its ring current effects.6 Absorp­
tions from similar types of hydrogens were shifted 
by different amounts because of small differences 
in environment. We have consistently found tha t 
lines which were superimposed in deuteriochloro­
form solution spectra were rearranged in pyridine 
solution spectra. 

This information is valuable in characterizing 
unknowns. I t permits confirmation of uncertain 

(2) 8 . M . K u p c h a n , W . S. Johnson a n d S. R a j a s o p a l a n , Tetrahedron, 
7, 47 (1959), a n d W. S. Johnson , J. J . K o r s t , R . A. C l e m e n t a n d J. 
D u t t a , T H I S J O U R N A L , 82 , 614 (19G0). 

(3) H . J . Berns te in a n d W. O. Schneider , / . Chun. Phys., 24 , 409 
(1950) ; W. G. Schneider , J. A. Poplc a n d I I . J. Berns te in , Can. J. 
Chem., 35 , 1487 (1957). 

(4) A. A. B o t h n e r - B y and R. E . Cl ick, J. Chan. Phys., 26 , 1651 
(1957) . 

(3) J. A. Pople , ibid., 24, 1111 (195G). 

assignments for superimposed lines and spin mul-
tiplets. An interesting example of the former case 
was 4,4,17 a-trimethyl-17/3-hydroxy-5-androsten-3-
one. The n.m.r. spectrum (see Fig. 1) in deuterio­
chloroform solvent showed only two lines ascrib-
able to methyl hydrogens bu t in pyridine solvent all 
five methyl absorptions were resolved. 

Spin multiplets usually retained the same spac­
ing in both solvents and therefore were easily dis­
tinguished from chemically shifted groupings of 
lines. This method of differentiation usually was 
more convenient than obtaining a spectrum a t a 
different frequency. 

Solvent shifts have been compiled for the unique 
protons of about thir ty steroids. They ranged from 
+ 2 0 cps. for the 21-CH2 of the dihydroxyacetone 
side chain to + 6 0 for the 19-methyl of 3-keto-A4-
steroids with no other substi tuents in the A, B or 
C rings. Nearby F, C = O and OH increased the 
solvent shift in tha t order. Axial methyls were 
shifted more than those which were equatorial. 

N.m.r. spectra were observed with a Varian 
4300-2 spectrometer operating a t 60 mc. on solu­
tions (ca. 0.3 ml., ca. 0.15 molar) of the steroids in 
deuteriochloroform and in pyridine. The spectra 
were calibrated against internal tetramethylsilane6 

using the audiofrequency side-band technique.7 

Frequencies are reported relative to water. 

(6) G. V. D . Tiers , J. Phys. Chem., 62 , 1151 (1958). 
(7) J . T . Arnold a n d M . E, P a c k a r d , J. Chem. Phys., 1 9 . 1608 

(1951) . 
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STRUCTURE AND EXCHANGE IN METHYL 
ALUMINUM CHLORIDES 

Sir: 

Trimethylaluminum and the methylaluminum 
halides are dimeric in the liquid state. In the 
partially halogenated methyl compounds the 
methyl groups are bridging between the two alumi­
num atoms in the dimer.1 Therefore in trimethyl­
aluminum dimer and in dimethylaluminum chlo­
ride dimer there should be two different types of 
methyl groups. The two kinds of methyl groups 
recently have been observed by proton resonance 
spectroscopy a t — 75°.2 A t higher temperatures 
the two peaks coalesce to a single one due to rapid 
chemical exchange of the methyl groups, and allow 
an activation energy for the process to be calcu­
lated.3 

We had previously obtained the proton resonance 
spectra of tr imethylaluminum, dimethylaluminum 
chloride and methylaluminum dichloride in cyclo-
hexane solution. In each case a single line was 
observed for the aluminum alkyl. The chemical 

(1) C. P . Van der Kclen a n d M. A. H e r m a n , Bull. Soc. Chim. Beiges, 

65 , 302 (1936). 
(2) N . Mul le r a n d D . H. P r i t c h a r d , T H I S J O U R N A L , 8 2 , 248 (1960). 
(3) H . S. G u t o w s k y a n d C. H . Ho lm, J. Chem. Phys., 2 5 , 122S 

(1956) . 
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shifts were 1.75, 1.75 and 1.45 p.p.m., respectively, 
to higher fields than the resonance due to the sol­
vent protons. Cooling the solutions to their freez­
ing point, approximately 0°, produced no line 
splitting. Therefore in dimethylaluminum chlo­
ride also, exchange between bridging and non-
bridging groups probably occurs readily. 

In addition to methyl exchange within the dimer, 
halogens and methyl groups may exchange be­
tween molecules in the mixed methylaluminum 
halides. Trimethylaluminum, aluminum iodide 
and the intermediate iodomethyl compounds were 
shown to be in rapid equilibrium.46 A solution of 
methylaluminum chloride (25%) in dimethyl­
aluminum chloride (75%) shows only a single 
sharp proton resonance signal both at room temper­
ature and at —60°. Since the chemical shift be­
tween the two compounds is 12 cycles at a fre­
quency of 40 Mc. one can estimate3 that the 
maximum energy for intermolecular methyl ex­
change is 12 kcal. mole -1. This is similar to that 
reported, 6-14 kcal. mole-1, for the methyl groups 
in trimethylaluminum.2 In this case, however, 
it is difficult to envision a mechanism for inter­
molecular methyl group exchange which does not 
involve dissociation to monomers. One possible 
mechanism for the exchange is shown. 
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LINKAGE ISOMERISM: SYNTHESIS AND 
ISOMERIZATION OF NITRITOPENTAMMINE 

COMPLEXES OF RHODIUM(III) AND IRIDIUM(III)1 

Sir: 

The only reported example of linkage isomerism 
for metal complexes is that of nitro (C0-NO2) 
and nitrito (Co-ONO) ammines of cobalt(III).2 

We wish to report the successful synthesis of Rh-
(NH3)^ONO2+ and Ir(NH3)6ON02+ salts and their 
isomerization to the corresponding stable nitro-

(1) This research was supported by the United States Air Force 
through the Air Force Office of Scientific Research of the Air Research 
and Development Command, under Contract Xo. AF 49(6381-315. 
Reproduction in whole or in part is permitted for any purpose of the 
United States Government. 

(2) S. M. Jjttgensen, Z. anon. Chem., 5, 169 (1893). 

pentammine complexes. Some question had been 
raised as to the existence of nitritoammine cobalt-
(III) complexes3 so that the isolation of such rho-
diuin(III) and iridium(III) compounds is further 
proof of this type of isomerism, if additional proof 
is needed. The preparation of these compounds 
serves as a good example of the usefulness of re­
action mechanism studies in the carrying out of 
preparative work. 

On the basis of kinetic studies4 it had been pro­
posed that the formation of Co(NH3J6ONO2+ 

takes place by an attack of N2O3 or NO + on the 
oxygen of Co(NHs)6OH2+. That there is no 
Co-O bond cleavage in this reaction was substan­
tiated by oxygen-18 experiments.5 It would there­
fore appear that a similar low energy reaction 
path should be available to analogous metal com­
plexes. Then if rearrangement to the stable nitro 
compound is sufficiently slow, reaction at mild 
conditions may yield the kinetic nitrito product. 
This communication reports just such an observa­
tion. 

At elevated temperatures the reactions of Rh-
(NHs)5OH2+ and Ir(NHs)6OH2+ with NO2" are 
reported6 to produce salts of Rh(NH3)6N02

2+ and 
Ir(NHs)6NO2

2+. However, at ice-bath tempera­
tures similar reaction mixtures vield instead salts 
of Rh(NHs)6ONO2+ and Ir(NHs)6ONO2+. For 
example, to an ice cold solution containing 0.67 g. 
of [Ir(NHs)6H2O]Cl3 in 20 cc. of water was added 
0.96 g. of solid NaNO2. Once the solid had dis­
solved 1 cc. of 6M HCl was added and a crystalline 
material separated immediately. This salt was 
collected and washed with dilute ice cold HCl and 
acetone, then air dried (yield 0.54 g. or 83%.) 

Anal. Calcd. for [Ir(NHs)6ONO]Cl2: N, 21.3; 
H, 3.8; Cl, 18.0. Found: N, 21.2; H, 3.7; 
Cl, 17.6. 

Under similar conditions a good yield of [Rh-
(NHs)6ONO] Cl2 was obtained. 

Anal. Calcd. for [Rh(NH3)6ONO]Cl2: N, 27.3; 
H, 4.9; Cl, 23.3. Found: N, 27.9; H, 4.7; Cl, 
22.7. 

The presence of M-ONO linkage was verified and 
its rate of isomerization to M-NO2 followed by an 
examination of the infrared spectra of the solid 
compounds. Using KBr disks of the solids, ab­
sorption peaks at 1460 and 1060 cm. - 1 are found 
which decrease in intensity and simultaneously 
two new bands appear at 1420 and 830 cm. -1 . 
These bands have been shown to be due to M-ONO 
and M-NO2, respectively, for cobalt(III) com­
plexes.7 

The isomerizations of solid [M [NH3] 60N0] Cl2 
in KBr disks have half-lives of 6 hr. at 48°, 3.5 
hr. at 22° and 2.5 hr. at 57° for M = Co(III), 
Rh(III) and Ir(III), respectively. Work is now in 
progress on the kinetics and mechanism of forma-

(3) R. Duval, C. Duval and J. Lecomte, Bull. soc. chim., [5] 14, 
1048 (1947). 

(4) R. G. Pearson, P. M. Henry, J. G. Bergmann and F. Basolo, 
T H I S JOURNAL, 76, 5920 (1954). 
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