where bonding and antibonding MO’s cross,® this resulting
from the one-electron degeneracy. As a consequence effi-
cient conversion to ground state should occur.5.18
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Effect of Heteroatom Electronegativity on the
Development of Diatropic Character in
cis,trans,cis,trans,cis,trans- Aza[13)annulenes
Sir:

We recently reported on the title system, 1, 2, and
stressed that whereas parent amine lal is “aromatic” by
nmr, acetamide 2a and carbamate 2b are best classed as
polyenes under the same criterion.? Presently, we should
like to briefly relate our experience with the conjugate base
of 1a, the cis,trans,cis,trans,cis,trans-azall3]annulenyl
anion, as well as with three choice N-substituted derivatives
whose properties yield basic information with regards to the
skeletal and =-electronic effects controlling the develop-
ment of ““aromatic” character.

Potassium aza[l3]annulenide (1b) was generated for
purposes of direct observation on overnight low-tempera-
ture (—78°) exposure of its conjugate acid (1a) to potassi-
um mirror in THF-dg. It is a dark red, extremely heat sen-
sitive species rearranging cleanly and almost instantaneous-
ly to 3a (nmr)? on warming to 0°.# As a result, it was neces-
sary to record the nmr spectrum of 1b at an undesirably low
temperature (ca. —70°) with consequent loss of resolution
due to increased medium viscosity. Nonetheless, one can
still readily discern in this spectrum two well-separated
doublets due to the « protons, one showing at 7 1.8 with J
~ 7 Hz (“outer” proton bound to a cis link) and the other
appearing at 7 12.5 with J ~ 13 Hz (“inner” proton bound
to a trans link). The wide separation (over 10 ppm!) be-
tween these two doublets is clearly implicative of the pres-
ence of a strongly diatropic frame in 1b.

Next, we posed the question as to whether the system will
retain its diatropic character when sterically encumbered
with an electron-releasing N substitutent such as methyl.’
The desired derivative, 1¢,® was prepared on consecutive
low-temperature (—78°) treatment of 1a with methyllith-
ium and methyl iodide and was isolated as a yellow air-sen-
sitive liquid characterized by the following spectral data:
Amax(CeH14) 300 and 360 nm in a ratio of ca. 7:1;7 nmr
(100 MHz, acetone-d¢, 0°) 7 3.1-4.3 (9 H, m), 6.29 (1 H,
dd, J = 15.5, 9.0 Hz; “inner” proton), 6.43 (3 H, s; meth-

X

X

2a, X =NAc
b, X =NCOOMe
¢, X = NCF=C(F,
d, X = NCON(Me),
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yl), 6.56 (1 H, dd, J = 16.0, 11.0 Hz; “inner” proton), 7.37
(1 H,d, J = 14.0 Hz; “inner” « proton); m/e 185 (P*; 8%).
The molecule is clearly diatropic by nmr experiencing
strong shielding of all its “inner” hydrogens. In fact judging
from the appearance of the “inner” hydrogen triad (r 6.29,
6.56, and 7.37) at detectably higher fields than its counter
part in the spectrum of 1a (= 5.99, 6.52, and 7.22),2 we find
it tempting to pronounce l¢ more extensively delocalized
than the parent (1a). Also interesting in this connection is
the significant downfield shift of the methyl resonance of 1c¢
(r 6.45) compared to its counterpart (7 6.85) in the spec-
trum of the largely atropic nine-membered ring relative,
N-methylazonine,® which appears to reflect the larger
member’s reduction in heteroatom electron density due to
more extensive delocalization of its lone pair.

For obvious electronic reasons we next became interested
in the effect of the relatively “small” but intensely electron-
withdrawing trifluoromethyl group. In practice, consecutive
exposure of 1a to methyllithium and trifluoromethyl iodide
at —78° failed to yield the desired NV -trifluoromethyl deriv-
ative but produced 2¢ instead. When pure (sublimation), 2¢
is a bright yellow solid displaying the following spectral
characteristics: Amax{(CgH14) 227, 278, and 334 nm in rela-
tive intensities of ca. 1.0:4.6:3.0; pmr (100 MHz, acetone-
de, +2°) 73.3-40 (8 H, m), 4.18 (1 H,dd, J = 14.5, 4.5
Hz; § proton on trans bond), 4.43 (1 H, dd, J = 15.5, 8.0
Hz; “inner” proton), 4.59 (1 H, dd, J = 16.0, 10.5 Hz
“inner” proton), 5.30 (1 H, d, J = 14.5 Hz; “inner” « pro-
ton); fmr (94 MHz, acetone-dg, ~35°)10143 (1 F,dd,J =
112,40 Hz), 118 (1 F,dd, J = 112,71 Hz), 105 (1 F,dd, J
= 71, 40 Hz); m/e 251 (P*; 100%). Obviously, there is de-
tectable upfield shift of the “inner”-proton nmr signals (7
4.43-5.30) relative to the major absorption manifold (r
3.3-4.2). Nonetheless, the separation between the two is
only barely perceptible so that the entire resonance mani-
fold remains well within the region of the spectrum normal-
ly associated with unexceptional polyenes. The obvious con-
clusion then is that the electron-withdrawing ~-CF=CF,
appendage exerts damaging influence on the system’s abili-
ty to delocalize.

Finally, we undertook the task of introducing a weakly
electron-withdrawing carbonyl substituent, namely the
N,N -dimethylcarbamoyl group. The desired urea, 2d, was
prepared on successive low-temperature (—78°) exposure of
1a to methyllithium and N,N -dimethylcarbamoyl chloride.
It is a yellow crystalline solid (mp 54-55.5°) characterized
by the following spectral data: vco(KBr) 1660 cm™!,
Amax(CeH14) 232 nm (e 19,700), 280 (21,400), 350 (4900);
nmr (100 MHz, CDCl3) 7 3.4-4.3 (11 H, m), 4.50 (1 H, d,
J = 145 Hz; “inner” « proton), 7.06 (6 H, s); mfe 242
(P*; 8%). The molecule differs most conspicuously from its
close relatives, 2a and 2b, by the clear upfield separation of
its “inner” -H, signal (doublet at 7 4.50) from the remain-
der of the spectrum. Nonetheless, here too, as in the case of
2¢, the shift is barely discernible so that the property (ring
diamagnetism?) responsible for this phenomenon cannot be
fully developed.

In sum, one finds the position of the H, *“inner” reso-
nance in the nmr spectrum of a cis,zrans,cis,trans,cis,trans-
aza[l3]annulene to constitute an effective measure of di-
atropic character clearly establishing the need for lone-pair
participation in its development. Specifically, one witnesses
the system’s change from atropic in 2a and 2b to largely
nondescript in 2¢ and 2d to diatropic in 1a and 1c and to
more extensively so in 1b, the difference in H, “inner”
chemical shift between the two extremes, 2a and 1b
amounting to more than 8 ppm! Interestingly, a similar
trend emerges from an examination of the system’s uv char-

acteristics where the strong, second lowest energy, band in
the spectrum is seen to undergo progressive bathochromic
shift with decreasing heteroatom electronegativity, with the
two extreme cases studied thus far, acetamide 2a and N-
methyl derivative 1e differing by as much as 40 nm in this
respect.

Finally, a brief word concerning the ready thermal con-
version of 1b to Schroder’s anion 3a. While the process
might, at first glance, strike one as puzzling especially since
amines 1a2 and 3b? are known not to interconvert on heat-
ing to ca. 50°, closer scrutiny yields a perfectly good expla-
nation of the situation. Specifically, it is seen that while the
hypothetical interconversion between 1a and 3b is predicted
to occur with overall preservation of the number of interfer-

[

ing “inner” hydrogens, an “inner” C-H changing to an
“inner” N-H on passing from 1a to 3b the observed trans-
formation of anion 1b to anion 3a occurs with actual remov-
al of a sterically offending proton; i.e., here an “inner” C-
H group is replaced by a bare, sterically innocuous, nitro-
gen function. In other words, we offer the suggestion here
that geometrical isomerization among the diatropic aza-
[13]annulenes occurs chiefly as a result of reduced *‘inner”
proton repulsions, and, consequently, that Schroder’s anion,
3a, may well represent the true thermodynamic “sink” of
the family.
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Synthesis and Structure of the Pentacarbonylmetalate
Dianions of Chromium, Molybdenum, and Tungsten
Sir:

Systematic studies on the chemistry of the pentacarbon-
ylmetalate dianions of Cr, Mo, and W have been hampered
by the lack of facile syntheses.!-3> Our desire to determine
whether these dianions will be useful as stoichiometric re-
agents in organic syntheses and/or precursors to novel orga-
notransition metal complexes has prompted us to examine
new routes to these species. In this process general methods
for the synthesis of these monomeric dianions have been
discovered: the alkali metal reduction of M(CO)e,
M(CO)s(halide)~, or M3(CO)10*~ in hexamethylphospho-
ramide (HMPA).

In 1968 it was reported that Cr(CO)s was reduced by so-
dium metal in HMPA to give a substance formulated as
“Cr(CO)sHMPAZ=" on the basis of infrared spectra and
sodium metal uptake.® Under the same conditions as re-
ported in this paper,® we have obtained entirely different in-
frared spectra of the reduced chromium species in HMPA
by using air-tight sodium chloride solution cells. Virtually
identical spectra have also been obtained from analogous
reductions of M(CO)¢ (M = Mo, W), M’3,(CO) g2~ (M’ =
Cr, Mo, W), and M’(CO)sX~ (X = Cl, Br, I) in HMPA.
Figure 1 shows various stages in the reduction of W(CO)s
in HMPA at room temperature. The principal intermediate
in this reduction is W(CO)¢2~ which absorbs at 1939 (m),
1889 (vs), and 1790 cm™! (s) in the carbonyl region. After
approximately 4 hr all bands due to W,(CO) 42~ disappear;
only bands at 1775 (vs) and 1731 em~! (vs) remain, which
are attributed to Na,W(CO)s.

Proof that the reduced chromium substance obtained in
HMPA is identical with genuine Na,Cr(CO)s, prepared by
Belren’s method,? was provided by showing that HMPA
solution spectra of substances made by both methods are
identical. Further, by exposing HMPA solutions of
Na,Cr(CO)s to air, spectra have been obtained which are
virtually identical with that attributed to “Cr(CO)sHM-
PAZ~.”7 Since we have shown that trace amounts of oxygen
instantaneously convert Cr(CO)s2~ to Cry(CO),42~, we be-
lieve that the species previously reported as “Cr(CO)sHM-
PAZ= is, in fact, mostly Cro(CO) ¢2~.

Infrared spectra of NaM(CO)s (M = Cr, Mo and W) in
HMPA (see Table I) show only two strong infrared active
bands below 1800 cm~! as expected for trigonal bipyram-
idal dianionic carbonyl species. Thus, little or no coordina-
tion of M(CO)s2~ with the HMPA is indicated.?-1° Qur
spectra of NaCr(CO)s in tetrahydrofuran (THF) are in
agreement with that reported recently by Behrens, et a/.?
Marked differences in the spectra of Na,Cr(CO)s in
HMPA and THF are undoubtedly due to substantial ion
pair formation in the latter solvent which effectively reduc-
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Figure 1. Infrared spectra showing the reduction of W(CO)¢ by Na in
HMPA at various times: (a) 1 hr, (b) 2.5 hr, (c) 3 hr, (d) 4 hr. Identity
and positions of bands: s = HMPA; * = W(CO)¢, 1973 cm™!; { =
W,(CO) 02, 1938, 1889, 1789 cm™~'; + = W(CO)s?—, 1775, 1731
cm~!,

Table I. Infrared Solution Spectra of Salts of M(CO);2~ in
Carbonyl Stretching Frequency Region

Carbonyl stretching

Salt Solvent frequencies (cm~1)
NaCr(CO); HMPA 1760 (s), 1722 (s)
Na;Cr(CO); THF 1819 (s), 1768 (s, br)1?
Na,Mo(CO); HMPA 1769 (s), 1723 (s)
Na,W(CO); HMPA 1775 (s), 1731 (s)

es the symmetry of Cr(CO)s2~ from D3, in HMPA to ap-
proximately Cg4, in THF.!2-14 However, in contrast to their
report that Cr(CO)s?~ decomposes almost entirely to
Cr3(CO) o?~ withins 95 min in THF,? we find virtually no
change in the spectra of THF solutions of Na,Cr(CO);s
maintained under an atmosphere of moisture- and oxygen-
free nitrogen for at least seven days.!> As mentioned pre-
viously, trace amounts of air instantaneously convert
Cr(CO)s?~ to Cry(CO)1027; the latter is characterized by a
strong absorption in THF at 1890 cm™1.16

The chemical properties of the pentacarbonylmetalate di-
anions are under study. They react with a variety of main-
group and transition metal halides to generate products of
the general formula M(CO)sE~ by simple halide displace-
ment. An account of this chemistry will be published in the
near future.
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