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such as a-halo esters (both isomers without loss of optical ac-
tivity),” glycols,? epoxides,” amino acids,'? etc. Their importance
in natural product synthesis is well documented by their application
for the synthesis of several chiral pheromones.!!

The following experimental procedure is typical. An oven-dried,
50-mL, round-bottom flask equipped with a septum-capped side
arm, magnetic stirring bar, and stopcock adaptor was cooled to
room temperature in a stream of nitrogen. The flask was charged
with 2.5 g of solid 9-BBN (20 mmol), and 3.5 mL (22 mmol) of
(+)-a-pinene ([a]®p +47.3°, 92% ee, distilled from LiAIH,) were
added to the flask. The hydroboration was completed by heating
the flask to 65 °C for 5 h.> The flask was cooled to room tem-
perature and 2.16 g (15 mmol) of fert-butyl pyruvate (prepared
according to the general procedure!? from pyruvoyl chloride!®)
was injected into the flask. The reaction was complete in 4-5 h,
as indicated by 'H NMR. Acetaldehyde (0.5 mL) was added to
destroy the excess reagent, and the liberated a-pinene was pumped
off at 40 °C (0.01 mm). The residue was dissolved in 30 mL of
dry ether and cooled to 0 °C, and 1.32 mL (22 mmol) of etha-
nolamine was added to displace the 9-BBN moiety. The white
solid was separated by filtration and washed twice with dry ether.
From the combined filtrate, ether was removed by distillation at
atmospheric pressure and the product distilled in a Kiigelrohr oven
at 100 °C (20 mm), yield 2.14 g (98%). GC analysis on both
Carbowax 20M and SE-30 columns showed a single peak and
traces of ethanol. 'H NMR (CDCl3) 6 1.37 (d, J = 7 Hz, 3 H),
1.48 (s, 9 H), 2.3 (broad, 1 H, exchanges with D,0),4.12 (q, J
= 7 Hz, 1 H). The compound was further purified by preparative
GC on a Carbowax column at 75 °C, isothermal, and the rotation
taken: [a]®p -8.08° (neat), 85% ee, [a]p -4.92° (c 5.02, CCl,).
Repeating the reaction at 0 °C (24 h) gave the distilled product
again in 98% yield. The specific rotation in this case was [a]%}
-8.76° (neat), 92.4% ee; [2]®p -5.36° (c 5.04, CCl,). Our
experimental results are summarized in Table I.

In other cases, no attempt was made to optimize the chemical
yields. It is probable that with such efforts comparable yields could
be realized.
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Reductive elimination of alkanes from dialkylmetal complexes
is a key step in numerous catalytic reactions. In many cases, this
reaction is accelerated by prior oxidation of the metal complex.!?
We now report a clean example of alkane elimination from an
early transition-metal dialkyl and describe the stereochemistry
of formation and reaction of an observed intermediate.

The readily available titanacyclobutanes® provide the complexes
required for such a study since treatment of these with iodine
produces cyclopropanes cleanly and in good yield (eq 1).4
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Initial sterochemical studies of these iodinations were puzzling.
cis-2,3-Dimethyltitanacyclobutane (Ia) gave mostly retention,
favoring the less stable dimethylcyclopropane (Ila, 9:1 cis/trans).*
In contrast, rans-2-deuterio-3-phenyltitanacyclobutane (trans-
Ib-d), which was expected to show even greater stereospecificity,
gave an essentially nonstereospecific mixture of deuterated phe-
nylcyclopropanes (IIb) under similar conditions (eq 2 and 3).5
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To resolve this apparent contradiction, a methylene chloride
solution of trans-1b-d was treated with 1 equiv of I, at =50 °C.
An intermediate was observed which upon warming formed a
mixture of deuterated phenylcyclopropanes. The thermal insta-
bility of the intermediate (I1Ib-d) precluded its isolation and
necessitated spectroscopic and chemical characterizations.”®
Treatment of a solution of IITb-d with gaseous HCI at -78 °C
produced a 1:1 mixture of IVb-/-d and IVb-3-d.° By comparison
with an authentic sample, IVb-/-d was shown to be exclusively
the threo isomer as shown in Scheme 1.!° These results dem-
onstrate (a) that there is no isotope effect in cleavage of Ib to the
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diiodide 11Ib and (b) that this Ti-C bond cleavage proceeds with
retention of sterochemistry.!!

Formation of a 1:1 mixture of cyclopropane isomers from in-
termediates III-b-d suggests two possible pathways: (a) complete
scrambling occurs at both the a- and y-carbons of III before
extrusion of cyclopropane; (b) the reaction of 111 proceeds with
retention of the a-carbon and inversion at the y-carbon (or vice
versa). Scrambling at only one carbon center would give dia-
stereomeric cyclopropanes in a 3:1 ratio, and scrambling of
products has been ruled out.!> To test for racemization at the
y-carbon of IIT a solution of IIIb-d was allowed to react on
warming to <50% completion and then quenched with anhydrous
HCI. The IVb-i-d recovered from the reaction was shown by 2H
NMR analysis to have retained the threo stereochemistry.

Since the second Ti—C bond cleavage appears to proceed without
prior scrambling of the y-carbon, b is the most likely mechanism
of formation of cyclopropane from I11b-d and I1lc-d. Mechanism
b is also consistent with our intial observation in the cis-2,3-di-
methyltitanacyclobutane (Ia) system. Here, it is likely that in-
termediate I1la is favored over I11a’ due to preferential attack
of iodine on the less hindered Ti-C bond. Formation of cyclo-
propane from I1la by an intramolecular Sy2 process, with retention
at - and inversion at vy-carbons, will yield the observed cis-1,2-
dimethylcyclopropane (Scheme II). Alternatively, if equal
amounts of I1Ta and IT1a’ formed, [1la might react faster due to
the ease of nucleophilic displacement at primary halides, and 111a’
would be preferentially scavenged by iodine to give CsHjol,
products.!?

We have shown that the elimination of cyclopropanes from the
reaction of titanacyclobutane and iodine occurs with sequential,
stereospecific Ti-C bond cleavages.!* This process provides an
alternate path to simple oxidation and reductive elimination, a
sequence that should be highly unfavorable in these d® metal
complexes.
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