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(Figure 2) which is ascribed to the attack of a second
molecule of CD on the ester-CD complex:

kci
SChb+CD — 5)

In this case eq 2 must be expanded to eq 6 which fits our
data for the C6, C7, and C8 esters (Figure 2) with the
constants given in Table I (part b).

(kuKl + kc[CD] + ka[CDP)
(K, + [CDD

For both a- and 8-CD the variations of K; and k_/k, with
chain length (Table I) are similar to those for other aryl
esters.*® Substrate binding becomes stronger whereas the
“catalytic ratio” (k./k,) and the “substrate specificity”?»d
(k; = k./K,) decrease and then increase. Apparently, with
a shorter, bound alkyl chain (C4 ester) the ester function
sits too deeply in the CD cavity to be easily attacked by
an ionized OH,2 but with the longer esters it is held
progressively higher and more accessible.

The unreactive 2:1 complexes of a-CD probably have the
alkyl chain of 1 included in the first CD molecule (K;) and
the aryl group in the second (K,) since the values of K,
vary little with chain length. The additional catalysis seen
with 8-CD and the C6, C7, and C8 esters also involves two
CD molecules, but, since the increases in k°™d at high [CD]
are linear (Figure 2), any 2:1 binding must be very weak.
With increasing chain length the second-order process
becomes more important (k. increases).

The different behaviors noted for the longer esters must
relate to the cavity widths of a- and 8-CD since their
depths are the same.! Molecular (CPK) models suggest
a fairly tight fit of alkyl chains in «-CD and a looser fit
for 3-CD. This seems to be the case with linear alcohols®
and alkane sulfonate ions® (up to C8), but it is not clearly
so with the present esters or with p-nitrophenyl alka-
noates.! Nonetheless, the present results may mean that
a-CD forms a 2:1 complex with the longer esters which is
too tight to react whereas 3-CD forms a weak, much looser
2:1 complex which can react.®
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Configurational Instability of «-Alkenyl and
a-Alkynyl Vinyllithiums. Syntheses of
Stereodefined 2-Alkyl-1-en-3-ynes

Summary: Metal-halogen exchange of either (Z)-enynyl
bromides or (Z)-dienyl bromides by sec-BuLi produces
vinyllithiums that are configurationally stable only at
temperatures below =120 °C and -78 °C, respectively.
Allylation of (Z)-enynylalanates with allyl bromide or
methylation of (Z)-enynyl bromides with CH;MgI and
Fe(acac); catalyst furnishes the corresponding 2-alkyl-1-
en-3-ynes.
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Sir: The hydroalumination of conjugated diynes 123 with
lithium trialkylaluminum hydrides is a highly stereo- and
regioselective process, placing the aluminum at the internal
position of the resultant double bond. With the silyl-
substituted diynes 1b,? the hydroalumination also occurs
chemoselectively, with AlI-H addition taking place exclu-
sively at the non-silicon bearing triple bond. Protonolysis
of the intermediate vinylalanates 2 cleanly affords the
respective (E)-enynes 3. In seeking to extend this meth-
odology to carbon electrophiles to obtain stereodefined
trisubstituted enynes, treatment of 2 with allyl bromide
(2.0 equiv, 25 °C, 24 h) produced nearly quantitative yields
of the isomerically pure (299%) allylated enynes (E)-4a
(95%) and (E)-4b (94%) (eq 1). Unfortunately, however,
the alkenylalanates 2 were unreactive toward other com-
mon alkylating agents, such as methyl iodide.*

- to- it 1
RamdTL® R\ JARSLY o R E

R'C=CCECR? —_ [§D)
H/_\-RZ Hm-pi
1a,b 24,0 3a,b ExH
aR',R?= p-By ;:: g‘:u‘
bR'= p-Hex, R? = SiMeg 63 CHg

In the course of our search for a general route for the
alkylation of the vinylalanates 2, we investigated their
conversion into the more nucleophilic vinyllithiums. This
was achieved by converting the vinylalanates 2 into the
corresponding (Z)-enynyl bromides 5 and then via met-
al-halogen exchange to the vinyllithiums. Thus, treatment
of 2 with 2 equiv of cyanogen bromide (-78 — 25 °C)
furnished the enynyl bromides 5 (a, 91%; b, 92%) in high
isomeric purity (=98%). Lithiation of (Z)-5a by sec-BuLi
(1.1 equiv, ether, /78 — 25 °C) occurred readily, yet pro-
duced the isomeric enynes (E)-3a (9%) and (Z)-3a (89%)
upon protonolysis (eq 2). The formation of the cis-enyne
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3a from the (Z)-enynyl bromide 5a points to an isomeri-
zation of the initially formed vinyllithium (E)-7a to the
respective Z isomer 7a. Similar results were obtained from
the lithiation of the silylated (Z)-enynyl bromide 5b. The
enynyllithium isomerization is an extremely facile process,
taking place readily at —78 °C but is nearly entirely sup-
pressed at —120 °C.> The equilibrium ratio of (E)-7a:
(Z)-7a at room temperature must be in the range of 10:90
to 5:95, since nearly the same distribution of enynes (E)-3a
and (Z)-3a, respectively, was obtained from the lithia-
tion/methanolysis of either pure (Z)-enynyl bromide 5a
or from the corresponding E isomer 5a.” The configura-
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tional lability of vinyllithiums which possess « electron-
withdrawing groups, such as aryl,®® cyano,® sulfoxy,®
carbomethoxy,® and silyl,** has been previously reported.
While the acetylenic moiety in 7a and 7b must also faci-
litate C=C isomerization through electron delocalization,
it is worth noting that no cumulene products resulting from
protonation or alkylation of 8a,b have been detected (eq
3). Interestingly, vinyllithiums which bear a-alkenyl

L
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groups are also configurationally unstable. Thus, the
stereochemically pure dienyl bromide 9 derived from hy-
droboration (disiamylborane)—protonolysis of 5a,!! on re-
action with sec-Buli (1.1 equiv, ether, =78 — 0 °C) fur-
nished 50% yields each of the dienes 10 and 11 upon
methanolysis. Carrying out the metal-halogen exchange
of 9 at -78 °C, however, and adding methanol to the so-
lution at that temperature, provided only the unrearranged
diene 10 (eq 4). Hence, vinyllithiums which possess a-
alkenyl groups appear to be less prone toward double-bond
isomerization than are their a-alkynyl counterparts.
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The nature of the a-substituent in the vinyl bromides
5a, 5b, and 9 has a marked effect not only on the ease of
isomerization of the corresponding vinyllithiums but also
on their rate of metal-halogen exchange. For example,
addition of 1 equiv of sec-BuLi to an equimolar mixture
of (Z)-5a and 9 at —78 °C followed by methanolysis fur-
nished exclusively the enynes (E)-3a and (Z)-3a and none
of the debrominated dienes 10 and 11. Lithium-bromine
exchange also occurred when the enynyl bromide (Z)-5a
was treated at —78 °C with the dienyllithium derived from
the reaction of 9 with sec-BuLi. Protonolysis of the re-
action mixture afforded the enynes (£)-3a and (Z)-3a (91%
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combined yield) along with a quantitative recovery of the
dienyl bromide 9. The increased anion-stabilizing nature
of the acetylenic moiety relative to the alkenyl group is
readily evidenced from these experiments. Similarly,
treatment of equal amounts of (Z)-5a and (Z)-5b with 1
equiv of sec-BulLi at —120 °C furnished, after protonolysis,
the silyl-substituted enyne (E)-3b in 72% yield with only
10% of the competing enyne (E)-3a detected. Therefore,
in terms of facilitation of vinyllithium formation as a
consequence of anion-stabilizing ability, the trend for
a-substituents seems to be MesSiC=C > RC=C >
RCH=CH.

Although the vinyllithium route, as described above, did
not provide a viable general method for stereoselective
alkylations, methylation of the (Z)-enynyl bromide 5a with
either Me,CuLi (1.2 equiv, -30 — 25 °C) or with a mixture
of MeMgI (1.1 equiv) and Fe(acac);*? (5 mol %) in diglyme
(0 — 25 °C) furnished the (Z)-enyne-6a in 72% and 78%
yields, respectively. Thus, net inversion of the double-bond
geometry was observed in both methylation reactions.®!*
It should be noted that the methylation reaction may also
be applied to the preparation of unsymmetrically substi-
tuted enynes, as exemplified in eq 5. Thus, the stereo-
defined allylation (vide supra) and methylation reactions
effectively extend the scope of existing methodologies!® for
the preparation of 2-alkyl-1-en-3-ynes.
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