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high level of antineoplastic activity (PS system). Studies concerned
with uncovering such constituents and their mode of action will
be continued. Presently, bryostatin | is being evaluated by using
a selection of the U.S. National Cancer Institute’s experimental
solid tumor systems.
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In a classical investigation, West and Rochow! established that
dilithio derivatives can be prepared from a,w-dibromoalkanes and
lithium metal in ether only if four or more methylene groups
separate the two functions. In the reaction of lithium with di-
bromomethane, only 6% bis(trimethylsilyl)methane was obtained
after quenching with trimethylchlorosilane. On the other hand,
1,2-dibromoethane and 1,3-dibromopropane in a similar reaction
gave no products indicative of the corresponding dilithio deriva-
tives, although reaction did take place. More recently, Shimp and
Lagow came to similar conclusions when performing this reaction
with lithium vapor.2 Likewise, our own attempts to prepare
1,3-dilithiopropane (1a, Scheme I) from 1,3-dichloropropane or
1,3-dibromopropane (2a) by reaction with lithium metal or
tert-butyllithium were unsuccessful. Only aromatic,’ conjugated,?
and specially functionalized® 1,3-dilithium compounds have been
described so far. We report here the first synthesis and some
properties of the simple aliphatic 1,3-dilithium compound (1a)
and its 2,2-dimethyl derivative 1b.
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A new approach to 1 was made possible by our finding® that
1,3-bis(bromomagnesio)propane (3a)’ could, under special con-
ditions, be prepared directly and conveniently from 2a; by reaction
of HgBr, in THF with 3a, 4a was obtained.5 Addition of 2 equiv
of tert-butyllithium to 4a in pentane at 0 °C gave 5a in a rapid
reaction, after which precipitated LiBr was removed by filtration.
The filtrate was a solution of pure Sa® in pentane, but on attempts
to isolate 5a, it disproportionated to di-tert-butylmercury and a
nearly insoluble (oligomeric?) material, presumably
(CH,CH,CH,Hg),. Addition of 2 further equiv of tert-butyl-
lithium to the solution of 5a lead to a slow reaction (several hours
at room temperature) and the precipitation of a white powder that
contained 1a, together with 7 and LiH. 1a was characterized by
hydrolysis to propane and reaction with trimethylchlorostannane
to 6a;® in these reactions, 7 was converted to propene and 8,
respectively (Scheme IT). Presumably, the preparation of 1a can
also be achieved by treating 4a directly with 4 equiv of tert-bu-
tyllithium; so far, we did not explore this variant because it would
furnish a precipitate that, besides 1a, 7, and LiH, also contains
large amounts of LiBr.

We had anticipated that 1a would be unstable and decompose
spontaneously to allyllithium (7) by elimination of LiH. The
analogous slow elimination of HMgBr had been observed in 3a
at room temperature;® a process that is facilitated through ac-
tivation of the 8 hydrogen by the two carbon-metal bonds.?
Normally, primary alkyllithium compounds eliminate LiH at a
measurable rate only above ca. 100 °C.1° However, the effec-
tiveness of 8-hydrogen activation in 1a is quite spectacular: at
20 °C the half-life of 1a is | h at the utmost, as estimated by
monitoring the amount and ratio of propane and propene after
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hydrolysis. A relatively small ratio of propane:propene (30:70)
was found after 5 min, suggesting that besides from 1a, 7 is also
formed by alternative modes of reaction between tert-butyllithium
and 5a.!' Even when the reaction was carried out at -60 °C,
1a was accompanied by considerable amounts of 7. In light of
these results, it would appear that the synthesis of 1a from lithium
and 1,3-dichloropropane, claimed in the patent literature!? but
supported by little experimental evidence, is highly unlikely.

It could be expected that a 1,3-dilithium compound not con-
taining 8 hydrogen would be (more) stable. We therefore prepared
1,3-dilithio-2,2-dimethylpropane (1b) by an analogous route
(Scheme I). Slow addition (2 days) of 1,3-dibromo-2,2-di-
methylpropane (2b)!? to magnesium in diethyl ether yielded
1,3-bis(bromomagnesio)-2,2-dimethylpropane (3b, 18% yield),
practically free from any organometallic impurities and completely
stable in solution. Addition of a solution of HgBr, in THF to the
solution of 3b in THF gave 4b.!* When a suspension of 4b in
pentane was treated with 2 equiv of tert-butyllithium, a solution
of 5b'% and a precipitate of LiBr were formed, which were sep-
arated by filtration. On addition of 2 more equiv of tert-butyl-
lithium to the clear filtrate, 1b gradually deposited during | week
at room temperature. After shorter periods of time, unreacted
Sb was still present. Therefore, we conclude that the essential
step of this reaction, i.e., the addition of tert-butyllithium to 5b
to form an unstable -ate compex, is retarded by extreme steric
hindrance in the adduct. 1b was collected in pure form by dec-
anting and washing with pentane as a white powder (70-80%
yield); it was characterized by its NMR spectrum (vide infra)
and by reaction with trimethylchlorostannane to give 6b'6 as the
sole product (Scheme II).

It turned out that 1b was indeed a rather stable compound. Not
only did it not show signs of decomposition in the solid state, but
also it was soluble in diethyl ether. Somewhat to our surprise,
these solutions were found (NMR) to be fairly stable at room
temperature for several weeks (¢, = 70 days), a finding quite
exceptional for a primary alkyllithium."” The 'H NMR spectrum
in Et,0-d |y was in agreement with the proposed structure: at room
temperature, broad 'H resonances were found at 6§ —0.74 (s, 4 H,
CH,) and 1.15 (s, 6 H, CH;). As the solution cooled, complicated,
reversible dynamic effects were observed in the 'H NMR spectrum
(cf. ref 6 for similar phenomena with 3a); they are presently under
investigation.
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Analysis of orbital interactions (OI) in terms of through-space
(TS) and through-bond (TB) components has contributed sig-
nificantly to our understanding of the nature of interactions be-
tween remote groups in molecules.> One expects OITB to
diminish with increasing number of intervening o bonds and that
these interactions are of longer range than OITS.! However, only
two systematic experimental studies of this attenuation have been
reported; one on the o-type lone-pair splittings along a series of
diiodopolyacetylenes® and the other on the =, interactions in the
series of “norbornylogues”.** From these limited data it appears
that OIT-n-B are attenuated more slowly with increasing number,
n, of intervening ¢ bonds than expected on the basis of theoretical
predictions. In fact, the latter study showed that =, interactions
may be even larger for OIT-4-B than for OIT-3-B.*

To date, no experimental studies of through-bond-dominated
«*,7* interactions (7*-OIT-n-B) have been reported.® Such a
study would be timely in light of the suggestion that OITB in-
volving 7* MO’s is responsible for the enhanced reactivity of the
double bonds in nonconjugated dienes toward Birch reduction.?’
We have therefore embarked on a systematic study of =*-OIT-n-B
by using electron transmission spectroscopy (ETS)® as a probe
of the anion states and report in Figure | ET spectra for the series
of compounds 2-8, the structures of which are indicated in the
figure. The vertical attachment energies (-EA) are indicated by
vertical lines. The details of the method and the assumptions
inherent in the association of the structure with the vertical EA’s
are discussed elsewhere.??

The EA’s and the IP’s of compounds 2-8, together with those
of ethylene,'® cis-2-butene,!” cyclohexene,5 norbornene, and
norbornadiene® (1) are summarized in Table I, and these data
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