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Figure 1. Spectra of dilute solutions of nickel(II) ions in molten 
ZnCl2-CsCl mixtures at 400°. Each spectrum is labeled with the 
mole percentage of zinc chloride in the solvent salt. 

solvent. In the limit of pure zinc chloride as solvent 
there is a mixture of tetrahedral and octahedral entities. 

The tetrahedral spectra in the two ranges, 50-72 
and 92-100 mole % zinc chloride, have significantly 
different band energies and correspond to different 
entities. 

The tetrahedral-octahedral equilibrium that occurs 
between about 50 and 70 mole % ZnCl2 appears to be 
of the same type as is found for solute nickel(II) in 
lithium chloride-potassium chloride and magnesium 
chloride-potassium chloride melts.2,3 The second 
equilibrium, which occurs in pure zinc chloride and 
neighboring compositions as solvents, is almost cer
tainly associated with the tendency of molten zinc 
chloride to form chloride-bridged polymers in which 
zinc is tetrahedrally coordinated.4 We propose that 
the tetrahedral nickel(II) species in pure zinc chloride 
consists of a nickel ion occupying a zinc site within a 
polymer unit, while the octahedral species is a nickel 
ion at interpolymer positions. Addition of CsCl to 
molten ZnCl2 breaks chloride bridges and destroys the 
polymer structure,5 thereby increasing the density of 
interpolymer positions and, hence, the concentration of 
octahedrally coordinated nickel(II). 

The effect of temperature was studied from 300 to 
600°. For melts containing 50-62 mole % ZnCl2, 
with increasing temperature the equilibrium shifts in 
favor of four-coordinate nickel just as it does when 
LiCl-KCl and MgCl2-KCl are the solvents. For 
melts containing higher zinc chloride concentrations, 
the behavior is more intricate than this, but it appears 
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that with increasing temperature the fraction of nickel 
ions at zinc sites in 100% ZnCl2 decreases as expected 
because of the breakup of the polymer network. 

The results reported here are taken from an extensive 
study of nickel(II) ions in solvents ranging in composi
tion from pure CsCl to pure ZnCl2. This research 
will be reported in detail in subsequent publications. 
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1-Methylphosphole 1 

Sir: 
The extent of derealization of the phosphorus 

electron pair in phospholes into an aromatic system 
has not yet been defined2 even though the ring system 
has been known since 1959.3 Molecular orbital calcu
lations suggest a considerable degree of conjugation 
energy (1.49 /3; cf. to 1.37 /3 for pyrrole) for the parent 
compound.4 The phospholes characterized to date 
all bear several substituents, one5 or more3,6 of which 
are phenyl groups. A phenyl substituent, with con-
jugative effects of its own, is undesirable when attempt
ing to define the electronic character of the parent ring 
system. We have accomplished a synthesis of a phos-
phole (IV) bearing but a single methyl substituent; 
the existence of "aromatic character" for the phosphole 
system can be expected to be reliably manifested in the 
properties of this type of simple derivative. 

Phospholene derivatives (dihydrophospholes) are 
now readily available7 and are potential starting mate
rials for phosphole syntheses. 

P 
Br^ /Br 

Br, ^ i f HSiCl3 

CH-T ^ O C H 3 ^ O 
II 

i 
CH3 

III 

KOBut O 
I 
CH3 

IV 

(1) Supported by Research Grant CA-05507, National Cancer 
Institute, U. S. Public Health Service. 

(2) R. F. Hudson, "Structure and Mechanism in Organo-phosphorus 
Chemistry," Academic Press Inc., New York, N. Y., 1965, pp 28-32. 

(3) E. H. Braye and W. HUbel, Chem. Ind. (London), 1250 (1959) 
[see also E. H. Braye, W. HUbel, and I. Capier, / . Am. Chem. Soc, 83, 
4406 (1961)]; F. C. Leavitt, T. A. Manuel, and F. Johnson, ibid., 81 , 
3163 (1959) [see also F. G. Leavitt, T. A. Manuel, F. Johnson, L. U. 
Matternas, and D. S. Lehmann, ibid., 82, 5099 (I960)]. 

(4) D . A. Brown, J. Chem. Soc, 929 (1962). 
(5) G. Markl and R. Potthast, Angew. Chem., 79, 58 (1967). 
(6) I. G. M. Campbell, R. C. Cookson, M. B. Hocking, and A. N . 

Hughes, J. Chem. Soc, 2184 (1965). 
(7) W. B. McCormack, U. S. Patents 2,663,736 and 2,663,737 

(Dec 22, 1953). The subject has been reviewed: L. D. Quin in 
"1,4-Cycloaddition Reactions," J. Hamer, Ed., Academic Press Inc., 
New York, N . Y., 1967, Chapter 3. 

Journal of the American Chemical Society / 89:23 / November 8, 1967 



5985 

l-Methyl-3-phospholene 1-oxide (I)8 was converted 
to its dibromide (II).8 This was reduced to the phos-
pholane (III) by a 3-hr reflux of a benzene solution of 
the oxide (0.153 mole) and trichlorosilane9 (0.43 mole). 
After acid hydrolysis and basification with sodium 
bicarbonate, the product was extracted continuously 
with pentane. By an iodine titration the yield in this 
step was found to be about 65 %. Some III crystallized 
from a concentrated solution and had mp 47.5-49°. 
The benzyl bromide salt, recrystallized from ethyl 
acetate, had mp 171.5-172.5°. Anal. Calcd for 
C12H16Br3P: C, 33.52; H, 3.75; P, 7.20. Found: 
C, 33.56; H, 3.75; P, 7.40. The proton nmr spec
trum (CDCl3) of III was in accord with the structure 
[3 H doublet (/ = 4 cps) at 5 0.70 ppm, 4 H multiplet 
at 1.87, 2 H multiplet at 3.98]. 

Ill was dehydrohalogenated in pentane with 3 molar 
equiv of potassium r-butoxide at room temperature 
overnight. The cooled mixture was hydrolyzed with 
sodium bicarbonate solution and extracted with pen
tane. By gas chromatography the yield of IV was 
24%. Some l-methyl-3-phospholene was present as an 
impurity, but was largely extracted with 0.5 N hydro
chloric acid without affecting IV. The phosphole in 
neat or concentrated form is sensitive to prolonged 
heating, and fractionation is accompanied by con
siderable loss. However, a sample of 87.8% purity 
(pentane as the main impurity) was obtained as the 
heart-cut in a rapid, direct distillation of the residue 
left from removing the solvent at 300 mm with a spin
ning-band column. The sample was collected at 82-
85° (317 mm) in a receiver chilled in Dry Ice. As it 
discolors slightly at room temperature, forming a small 
amount of insolubles, the sample is best preserved at 
low temperatures. It readily formed a methiodide, 
which was recrystallized (low recovery) from methanol-
ethyl acetate, mp 190-194° dec. Anal. Calcd for 
C6H10IP: C, 30.02; H, 4.20; P, 12.91; I, 52.87. 
Found: C, 30.15; H, 4.39; P, 12.63; 1,52.63. 

The 60-Mc proton nmr spectrum (external standard) 
of IV (87.8 %) consists of a methyl signal as an apparent 
singlet (any PCH coupling must be less than about 1 
cps) at 5 1.36 ppm and a 4 H multiplet for the vinyl 
protons at 6.51-7.52 ppm. The multiplet is being 
analyzed as A2B2 in an A2B2X system where P31 is X; 
coupling parameters will be reported elsewhere. Pre
liminary calculations suggest that the a and /3 protons 
differ in chemical shift by about 8 cps, and that / A X 

+ 4 x = 54 cps. The P31 nmr spectrum at 40.5 MHz 
is an 11 -line pattern at +121 ppm relative to external 
P4O6 standard (cf. +154.3 ppm for l-methyl-3-phos-
pholene). 

The a- and /3-proton multiplet, centered at 7.09 ppm, 
is at markedly lower field than in vinylphosphines. 
For comparison, data reported10 for neat trivinyl-
phosphine (recalculated to 5) place the a proton at 6.66, 
and the /3 protons at 5.69 (trans to P) and 5.56 ppm 
(cis to P). Also the vinyl proton in neat l-phenyl-3-
methyl-2-phospholene is observed at 5 5.68 ppm (in
ternal TMS).11 The ring protons of IV resonate in the 
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range characteristic of those of aromatic systems (e.g., 
for neat thiophene, a and /3 are at 7.04 and 6.92 ppm, 
respectively, to internal TMS12). A similar downfield 
position for the /3 protons of 2,5-dimethyl-l-phenyl-
phosphole (6.39 ppm)5 and of 1,2,5-triphenylphosphole 
(7.1-7.6 ppm, unresolved from phenyl protons)6 has 
been observed. 

The ultraviolet spectrum of 1-methylphosphole in 
isooctane (Xmax 286 m,u (log e 3.88); intense end ab
sorption at 200 m/i) resembles that of 1-methylpyrrole 
(Xmax 280 m,Lt (log e 2.06) and 214 mM(log e 3.77)). The 
mass spectrum shows a strong molecular ion at mje 
98 and a breakdown pattern similar to that of 1-methyl
pyrrole. 

Although IV quaternizes with the usual ease and has 
an exceptionally strong phpsphine odor, its basicity 
appears to be abnormally low for a tertiary phosphine. 
As noted, it is not extracted from pentane by 0.5 ./V 
hydrochloric acid. It is extracted by 4 N hydrochloric 
acid, but with chemical change, as it is not recovered on 
basification. A dilute (1O-4 M) solution in 0.01 N 
hydrochloric acid is also unstable, as seen by the grad
ual reduction in the absorbance at 285 mix. The phos
phole differs from other tertiary phosphines also in not 
forming a complex with carbon bisulfide. These 
chemical properties, as well as the proton nmr and 
ultraviolet spectral properties, may be indicative of the 
expected3 extensive electron derealization of an aro
matic system. A final judgment in this matter, how
ever, must await the results of other experiments on 
the properties of the system and a comparison of the 
properties with vinylic, but nonaromatic, phosphines. 
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The Solvolysis of (7-Cycloheptatrienyl)methyl 
3,5-Dinitrobenzoate. An Example of Cyclopropane 
Participation Initiated by Valence Tautomerism 

Sir: 

Extensive investigation has demonstrated that car
bon-carbon bonding electrons of various types can 
function as nucleophilic neighboring groups in intra
molecular displacement reactions.1-14 Some evidence 
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