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Figure 1. An ORTEP drawing of the chloroaqua(2,6-diacetyl-
pyridinebissemicarbazone)metal(II) cation, where the metal is 
Fe(II), Co(II), and Zn(II). The atoms Nl , N2, N5, Ol , and 0 2 
form an approximately planar pentagonal arrangement around the 
metal ion with CH and 0 4 in the axial positions. The angles in the 
Co(II) complexes are N l -Co-N2 , 70.3°; N l -Co-N5 , 70.4°; N 2 -
Co-Ol , 71.9°; N5-C0-O2, 71.4°; and O l - C o - 0 2 , 76.4° (all 
±0.2°) and illustrate the approximately planar pentagonal co­
ordination about the Co(II) atom. 

The^axial metal-chlorine bonds of 2.506, 2.479, and 
2.433 A and the metal-water bonds of 2.153, 2.141, and 
2.121 A, for the Fe, Co, and Zn cases, respectively, both 
decrease going from Fe to Zn. This change is opposite 
to that expected on electronic grounds or on the basis 
of the radius of the metal ion. However, all the in-
plane distances are larger in the Zn complex compared 
with the Fe complex, which suggests that the axial M-
Cl and M-OH2 distances are determined by nonbonded 
contacts. The importance of intramolecular contacts 
in copper chloride10 and gallium chloride11 complexes 
has also been noted. 

An important conclusion which can be drawn from 
our studies concerns the possibility of utilizing planar 
pentadentate ligands to explore pentagonal bipyramidal 
coordination in other elements. Planar pentadentate 
ligands have been ignored, apparently, because the 
pentagonal bipyramidal geometry is relatively rare in 
coordination complexes. Our results suggest that 
DAPSC or other planar pentadentate ligands can pro­
duce pentagonal bipyramidal complexes in other ele­
ments and that the possibilities are virtually limitless. 
Other studies along these lines are in progress. Finally, 
as has been demonstrated in other cases,12 the final 
stereochemistry of a metal complex appears to be de­
termined by the constraints on the ligand, and unusual 
geometries may be limited mainly by synthetic diffi­
culties.13 
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Stereochemical Dependence of Lone Pair Interactions 
in the Photoelectron Spectra of 
Nitrogen-Phosphorus Compounds 

Sir: 

The discovery1 of a planar nitrogen geometry in 
(CH3)2NPF2 prompted a surge of interest in the struc­
tures2 and stereochemistry3 of aminophosphines. The 
stereochemistry of the corresponding aminophos-
phoranes has also received attention;4 however, no 
structural data have been published for this class of 
compounds. 

The purpose of the present communication is to re­
port studies of the pes (photoelectron spectra) of 
various nitrogen-phosphorus compounds that suggest 
interesting conclusions concerning their structures and 
the effects of lone pair interactions in them. 

The monoamines 1 and 4 exhibit single pes peaks at 
10.35 and 9.58 eV, respectively (Table I). These peaks 
can be assigned unambiguously to ionization of the 
N(2p) lone pair electrons, both on the basis of their line 

Table I. Pes Ionization Potentials" for N(2p) and P(3p) Lone 
Pair Orbitals in Nitrogen-Phosphorus Compounds 

Compound No. N(2p) P(3p) 

(CHs)2NPF4 1 10.35 
[(CHa)2N]2PF3 2 8.84,9.95 
[(CHs)2N]3PF2 3 8 .04 ,9 .03 ,9 .31 
(CH3)2NPF2 4 9.58 10.48 
[(CHs)2N]2PF 5 8.18,9.14 10.40 
[(CHs)2N]3P 6 7 .61 ,7 .89 ,8 .86 9.98 

" Vertical ionization potentials in electron volts. 
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Figure 1. Photoelectron spectra of (a) [(CHs)2N]3PF2 and (b) 
[(CHs)2N]3P. 

widths3 and from considerations of inductive effects. 
Employing the same arguments it is evident that the 
diamines 2 and 5 exhibit two N(2p) ionizations (Table 
I) while three such ionizations, Ii, I2, and I3 (Figure 1), 
are observed in the pes of the triamines 3 and 6. 

The N(2p) levels in the diamines and triamines are 
split by interactions between the nitrogen lone pairs. 
If, as is commonly assumed, the triamines have three­
fold symmetry (e.g., Dih or C3„), the interactions be­
tween the nitrogen lone pairs give rise to one combination 
of A-type symmetry and two degenerate combinations of 
E-type symmetry.6 If the overlap is predominantly of a 
type, the E levels lie lower in energy while the reverse is 
true if the overlap is predominantly of TT type. In either 
case ionization from the E level should give rise to two 
pes bands, the degeneracy being removed by Jahn-
Teller distortion of the ion.7 

The pes of 3 follows this pattern (Figure la). Since 
the split E level gives rise to a band of higher IP than 
the A level, the E combinations must be the lower in en­
ergy and the nitrogen lone pair interactions consequently 
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raises the energy of one of the E-type MO's and lowers that of the 
other. 

Figure 2. Interaction of nitrogen and phosphorus lone pair or-
bitals in [(CH3KN]3P. 

of cr type. While the structure of 3 is not known, low-
temperature nmr studies of aminophosphoranes4 and al-
kylthiophosphoranes8 imply that the nitrogen lone pairs 
are orthogonal to the axial PF bonds.9 If the same is 
true in 3, the N(2p) lone pair atomic orbitals (AO's) lie 
in the equatorial plane and so overlap in s fashion. 

This interpretation is supported by a comparison of 
the pes of 3 with that of tris(dimethylamino)borane,10 

B[N(CH3)2]3- The two low-energy bands are similar 
in shape but inverted, the N(2p) overlap in B[N(CH3)2]3 

being of TV type. The Jahn-Teller splitting of the E 
levels is similar in both cases. 

The pes of 6 seems at first sight to resemble that of 3 
but with the A and E levels inverted. This would imply 
7r-type overlap of the N(2p) lone pairs. However, an 
electron diffraction study2* of 6 indicated that if it has 
the assumed C3v symmetry, then the dihedral angle be­
tween the nitrogen and phosphorus lone pairs is 60°, 
implying that the nitrogen-phosphorus lone pair inter­
actions are more nearly of u type than T type. It is 
therefore extremely difficult to believe that the order of 
the A and E levels in 6 could be inverted. 

It seems more likely that the difference between 3 and 
6 arises from the latter not having threefold symmetry, 
due to repulsive interactions between the nitrogen 
and phosphorus lone pairs. Thus if the N(2p) AO's 
lie in a plane there will be three strong repulsions be­
tween them while if they are all parallel to the phos­
phorus lone pair there will be three strong N-P repul­
sions. If, however, two are orthogonal to the phos­
phorus and one parallel, there will be one N-N repul­
sion and one N-P repulsion, i.e., a total of two repul­
sions instead of three. The resulting orbital diagram is 
shown in Figure 2. Two of the nitrogen lone pairs are 
symmetrically split (a,b) through interaction with each 
other while the other is raised (c) in energy by interac­
tion with the phosphorus lone pair. The resulting 
orbital energies clearly correspond to the observed pes. 
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These arguments suggest strongly that [(CH3)2N]3P 
does not have C38, symmetry and that its structure 
should be reinvestigated. 
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Use of Halogen-Sulfide Complexes in the Synthesis of 
Indoles, Oxindoles, and Alkylated Aromatic Amines 

Sir: 

Recently, we reported on the reactions of iV-chloro-
anilines (1) with dialkyl sulfides, /3-keto sulfides, and 
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a-carboalkoxy sulfides to yield intermediate azasul-
fonium salts, which on treatment with base produced 
methylthiomethylanilines (2),1 3-methylthioindoles (3),2 

and 3-methylthiooxindoles (4)3 in good to excellent 
yields. Raney-nickel desulfurization of these products 
gave o-alkylanilines, indoles, and oxindoles, respec­
tively. A major limitation of this surprisingly general 
synthetic process was associated with the instability of 
the TV-chloroaniline when X was a cation stabilizing 
group such as />-methoxy. As we have previously 
shown, TV-chloro-^-anisidines are extremely reactive,4 

even at temperatures as low as —78°. Thus, our 
original procedures1-3 were not readily applicable to the 
synthesis of 4-methoxyanilines, 5-methoxyindoles, or 
5-methoxyoxindoles. In view of the importance of 
methoxylated natural products related to the desul-
furized versions of 2, 3, and 4, we now wish to report 
a major modification of our original synthetic concept 
which permits the preparation of the desired methoxy­
lated compounds. 

Mechanistically, the reaction of jV-chloroanilines 
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(1) with a disubstituted sulfide initially produces the 
azasulfonium salt 5. Base reacts with 5, removing an 
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a-proton to give a sulfur ylide, which undergoes an intra­
molecular Sommelet-Hauser type rearrangement with 
exclusive attack on the aromatic ring ortho to the amino 
function.1 Since the instability of methoxylated de­
rivatives of 1 precluded their use in the formation of 
the key intermediate 5, we have developed an alternate 
route to 5 which involves the nucleophilic attack of 
anilines (6) on the long-known5 complexes, formed 
from the reaction of halogens with sulfides. 

In a typical procedure, 0.044-0.050 mol of sulfide in 
10 ml of methylene chloride at —70° was added to a 
solution of 0.044 mol of chlorine in 120 ml of methylene 
chloride at ca. —70°. On addition, a slight exotherm 
(ca. 5°) was noted. The solution was stirred for 5 min 
and a solution of 1 equiv of the aniline (6) and 1 equiv 
of triethylamine6 in 10 ml of methylene chloride at ca. 
— 10° was added dropwise. The solution was stirred 
for 2-4 hr at ca. —70° and 0.06 mol of sodium meth-
oxide7 in 15 ml of absolute methanol was added. The 
cooling bath was removed and the reaction was al­
lowed to warm to room temperature with stirring over 
a 12-hr period.7 Work-up by dilution with water and 
extraction with methylene chloride gave the crude 
ortho-substituted aniline. When the sulfide contained 
a /3-keto function, spontaneous cyclization to produce 
indoles occurred. When the sulfur was /3 to a carbo-
alkoxy group, acid was added to catalyze cyclization 
to an oxindole. 

Through the general procedure described above, p-
anisidine (7, X = OCH3) could be converted into 4-
methoxy-2-(methylthiomethyl)aniline (8, X = OCH3) 
in 62 % yield. The procedure was quite general. For 
a series of anilines (7, X = CH3, H, Cl, CO2C2H5, and 
NO2), reaction with chlorodimethylsulfonium chloride 
gave the corresponding 2-(methylthiomethyl)anilines 
in 54, 67, 45, 35, and 31% yields, respectively. The 
reaction was not restricted to chlorodialkylsulfonium 
chlorides. When bromodimethylsulfonium bromide 
was used with aniline, a 69% yield of 8 (X = H) was 
obtained. Treatment of aniline with halotetramethy-
lenesulfonium halide (10, Y = Cl or Br) gave 9 (X = H) 
in ca. 20% yield. 
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(7) In the indole and oxindole syntheses, triethylamine (neat) was 
used as the base in the ylide generation step, and the reaction mixture 
was stirred for 15 min at - 70° and allowed to warm to room tempera­
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