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with 0.98 A longer Ni,-Niy and 0.036 A longer Ni,-Niy, sep=
arations. Whereas the shape of the Nig[CNC(CHj)3]s-
[u3(n?)-CsHsC=CCgHs]3 molecule is reasonably equidi-
mensional, the Nig[CNC(CH3)3]7 molecule is much more disk
shaped with the trigonally expanded Ni,NipNip basal face
much more exposed. The isocyanide ligands in 2 appear to be
able to span the elongated Ni,-Niy, edges quite effectively by
simply changing the hybridization of their Niy-bonded nitro-
gens from sp to sp? and directing C, toward the other basal
nickel atom to give bent, “edge-bridging” isocyanide ligands
but similar “edge-bridging’ acetylenes would probably pro-
duce unfavorable steric interactions.

Hydrogen reacted with 1 in a toluene solution at 25° to yield
cis-(CeHs)CH=CH(C¢H5s), isocyanide, and nickel metal. A
fully analogous reaction with the 3-hexyne cluster was ob-
served; cis-3-hexene and isocyanide were the only organic
products detected. Addition of excess acetylene to these re-
action systems fully suppressed nickel metal formation, and
a catalytic reduction of the acetylene to the cis olefin!? was
observed. In sharp contrast, the mononuclear complex
[(CH3)3CNC];Ni(C¢HsC=CC¢H3s) did not react with hy-
drogen at 25° within a period of 2 days. These data would seem
to provide a qualitative argument in support of cluster catalysis
at least for acetylene reduction as differentiated from an al-
ternative mechanistic mode which comprises cluster frag-
mentation to mononuclear intermediates.!314 Characterization
of presumed hydride intermediates is now being attempted.

A dihapto binding of CO was earlier proposed! by us as a
possible feature in the hydrogen reduction of carbon monoxide
with metal cluster catalysts. With the demonstration of this
feature in acetylene reductions, we now suggest that this
concept can be extended to other important catalytic reactions
in which triple bonds are hydrogenated, e.g., the hydrogen
reduction of dinitrogen, since the bond order of the triple bond
is substantially reduced in this type of cluster bonding. By our
analogy,’ u.(n?)-bonding modes for molecules with triple
bonds could be important in reaction intermediates for cata-
lytic reactions on metal surfaces. Somorjai and co-workers!?
present evidence that acetylene on a platinum(111) surface
is largely as shown in 3 with about a 1.34 A C-C separation.

This type of interaction has a formal resemblance to the
acetylene interaction in the nickel cluster.16
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Feasible Route to 1,2-Epoxyalkyllithium Reagents via
the Lithiation of Epoxyethylsilanes!

Sir:

The availability of an a-metalated epoxide synthon (1)
would be most useful in organic synthesis, for such a unit
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constitutes a valuable precursor to carbonyl, glycolic, and
hydroxyalkyl functions,? as well as a fragment bearing two
carbon centers of defined chirality.? Despite their great po-
tential in synthesis, up to the present metalated epoxides have
not been prepared in any practical manner and have only been
detected as transient intermediates in the reactions of strong
bases with epoxides.* During a study of the reactions of or-
ganolithium reagents with epoxyalkylsilanes! we found that
at —78° n-butyllithium in tetrahydrofuran was able to meta-
late epoxyethyltriphenylsilane (2) in high yield and exclusively
on the epoxide carbon « to silicon. The resulting 1-triphen-
ylsilyl-1,2-epoxyethyllithium (3) was found to retain its ste-
reochemical and structural integrity at this temperature, and
it could be quenched with various reagents to form epoxide
derivatives of 2 in high yields (Scheme I).
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Scheme 1

Thus, when 4.8 mmol of n-butyllithium (in a 2.4 M hexane
solution) were added to 1.0 mmol of 2 in 10 ml of anhydrous
tetrahydrofuran at —78° and the solution allowed to stir for
4 h at —78°, a quench with D,0 (99.8%) and workup gave
1-deuterioepoxyethyltriphenylsilane (4) in >90% yield, which
by NMR spectroscopy was 100% deuterated at C;. Similar
reaction mixtures of 3 were treated with various reagents to
give high yields of isolated derivatives: (a) methyl iodide:2-
(1,2-epoxypropyl)triphenylsilane (5, 73%); (b) chloro(tri-
methyl)silane:1-trimethylsilyl-1-triphenylsilylepoxyethane
(6, 79%); and (c) N-benzoylaziridine:1-benzoylepoxyethyl-
triphenylsilane (7, 61%). With benzyl chloride and 3 hydro-
gen-lithium exchange apparently occurred preferentially, for
much «a-chlorobibenzyl (8) was detected and the starting ex-
poxide recovered.

The configurational stability of the 1-triphenylsilyl-1,2-
epoxyethyllithium system (3) was assessed by treating cis-
1,2-dideuterioepoxyethyltriphenylsilane (9)! with n-butyl-
lithium at —78° and then quenching with H,O. The isolated
2-deuterioepoxyethyltriphenylsilane (11) was shown by NMR
spectroscopy to have the trans configuration (2 NMR (CCly)
2.45 (d of d, B-cis H, Jgem = 5.5 Hz and Jypans = 4.2 Hz; 2.85)
(m, o- and B-trans H); 11 2.45 (m of width = 4 Hz), 1 H; 2.85
(d, Jirans = 4.2 Hz), 1 H).

Since the lithium reagent 3 could be a potential carbenoid
source, via e-elimination,* an attempt to trap such a carbenoid
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was undertaken. Thus, 3 was generated in the presence of ex-
cess n-butyllithium and the solution allowed to warm to 25°.
Hydrolytic workup yielded 70% of 1-hexen-2-yl(triphenyl)
silane (12). Alternatively, when 3 was formed from the action
of 1 equiv of n-butyllithium on 2 and then an excess of phen-
yllithium was added, workup yielded 66% of triphenyl(«a-
styryl)silane (13).° Finally, as a probe of stereochemistry, 9
was treated with excess n-butyllithium to form 10 and then 10
was allowed to react with the remaining »-butyllithium. The
deuterated 12 was shown to be a 1:1 mixture of (Z)- and
(E)-B-deuterio isomers (14) (Scheme II). These results support
a mechanistic pathway whereby 3 undergoes an a-elimination
to yield carbenoid 15, which is captured by R’Li to form in-
termediates like 16, which in turn can undergo readily the loss
of lithium oxide.® The nonstereoselective capture of n-BuLi
by 15 (R = D) would nicely explain the 1:1 mixture (Z)- and
(E)-B-deuterio-14.
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The aforementioned metalation of epoxides does not require
the presence of an a-substituted silyl group. Styrene oxide (17)
was found to be metalated exclusively at the carbon « to the
phenyl group (18) by either n-butyl- or tert-butyllithium in
THF at —78 or —95°, respectively. By quenching such reac-
tions with D,0O, the amount of metalation approached 50%,
although the recovery of 17 was only ca. 50%. The presence of
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a B-trimethylsilyl in 17, however, did enhance the ease of me-
talation, as well as the kinetic stability of the a-lithioepoxide,
even though metalation occurred « to phenyl. Thus, 3-tri-
methylsilylstyrene oxide (19) underwent metalation with n-
butyllithium at —78° to yield 20, which upon treatment with
D»O provided a high yield of configurationally unchanged 18
completely a-deuterated (21).

These metalation studies are being extended to other sil-
ylepoxides (1, R = R3Siand R;,R; = H, alkyl) and ordinary
epoxides (1, R,R;,R; = H or alkyl) as a means of developing
practical nucleophilic epoxide synthons.” It should be noted
that previous work with epoxyalkylsilanes has already estab-
lished such systems as attractive precursors to silicon-free
carbonyl, olefinic, or hydroxylic derivatives.® Further devel-
opments on such silylepoxide chemistry are receiving our
earnest attention and some of these will be published short-

ly.!
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Tetraethyldioxetane and

3,4-Dimethyl-3,4-di- n-butyl-1,2-dioxetane. High Ratio
of Triplet to Singlet Excited Products from the
Thermolysis of Both Dioxetanes

Sir:

The thermolysis of dioxetanes is now an established
source of excited carbonyls.! It is likely that the effect of
structural changes will help elucidate the still-debated
mechanism of this reaction. For example, tetramethoxydi-
oxetane (1) was found to be considerably more stable than
tetramethyldioxetane (2) and to give fewer excited prod-
ucts.? To understand this particular substituent effect,
tetraethyldioxetane (3) was now synthesized, in which the
ethyl groups can be regarded as models, from the steric
viewpoint, for the methoxy groups of 1. 3 is interesting also
in the context of Darling and Foote’s unexpected results
with 3,4-dimethyl-3,4-di-n-butyldioxetane (4).> These au-
thors reported that 4 generates little excited ketone, pre-
dominantly in the singlet state (3¢ = 0.035, l¢ = 0.05),
basing their determination of excitation yields on type II
processes (elimination and cyclization) from excited 2-hex-
anone. Since 3 was found to give a high yield of triplet
products and few excited singlets, like 2, 4 was reinvestigat-
ed by the same luminescence techniques* and found, in fact,
to show the same preference for triplet products, like all
isolated dioxetanes for which this information is now avail-
able.!¢ In retrospect, it would be difficult to rationalize how
the length of the butyl groups could cause drastic differ-
ences between the excitation yields of 3 and 4.
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The thermolyses of dioxetanes 3 and 4° produce 3-penta-
none and 2-hexanone as only products detected by NMR
and are accompanied, in aerated benzene or xylenes, by
weak chemiluminescences, which are strongly enhanced by
the addition of 9,10-dibromoanthracene (DBA) or 9,10-di-
phenylanthracene (DPA). The decay of chemiluminescence
follows a strict first-order course independent of fluorescer.
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