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The Lithium —Ene Cyclization and the Purported Scheme 1
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We provide evidence herein that the previously unstudied
lithium—ene cyclization (eq 1; Met Li) is more facile than the
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widely used Mg analogug;* that the products, however, are SPh
unstable, accepting protons from various donors and possibly O/\ LDBBO/\ O/ Li(cH,0),
reverting to uncyclized organolithiums; that the only example of :
such a cyclization cited in reviews of this reaction involved a 91%

crucial misassignment of the structure of the product; and that ”3”510 n=1 t’a”S" n=1 tans13 from n
another subsequently discovered cyclization, thought to be aproximate cyclization productdO via the 1,5-proton transfer

carbanion-induced ene reaction, is actually a lithitene cy- shown (Scheme 2).

clization followed by an intramolecular proton transfer. _Indeed, the alkyllithiuntrans-10 (n = 1) rearranged in good
The “surprisingly smooth” lithium-ene cyclization cited inthe  Yield totrans11 (n = 1) at ambient (Scheme 3).

Oppolzer review&refers to the addition ai-butyllithium to triene After completion of this work, we became aware of a similar

1 and isolation of the products of electrophilic trapping®f  cyclization to an allyllithium; the repoft (see below) did not
(Scheme 1§56 However, as shown below, the actual trapped Cite the cyclization in Scheme 1 and was not referenced in the

intermediate wag. reviews of metalle-ene cyclizationd possibly because a different
Our suspicions concerning the repoftetiructure 8) of the mechanism was invoked. The question then arose as to2why
cyclic organolithium arose when we were unable to detect the cyclized to3 rather than to the allyllithiund. In fact, a critical
thioether derivatived of the lithium—ene cyclization product reading of the papeérevealed that the reported 60 MHz NMR
of 6 (readily prepared by reductive lithiatioof 5 using lithium spectrum of the product obtained upon quenching with paraform-

4,4 -di-tert-butylbiphenylide (LDBB)) wher6 was warmed from aldehyde was inadequate to distinguish between attack of
—78 to 20°C and the reaction mixture was treated with pis( ~ formaldehyde o8 or 4. Our repetition of the procedufehowever
methoxyphenyl) disulfide. The acyclic allyllithiuré could be quenching with RO, delivered the deuteration product not 8f
recovered as its thioether derivative in 40% yield (Scheme 2). but of4.

On the other hand, when a methyl group was present at the AS to our failure to observe cyclized prod@from 6 (Scheme
2-position of the allyllithium9, as was the case in Schemé 1, 2), the low yield of recovered product and the methallyllithium
cyclization to five- and six-membered rings occurred partially results made us suspect that cyclization had occurred but that the
during 1 h at 0°C and completely at ambient temperature. cyclized alkyllithium 7 removed a proton from THF more
However, the cyclic thioethers, isolated in yields of 77% and 64%, rapidly than the less basic allyllithiums such Esand that the
respectively, fom = 1 and 2, were not those from electrophilic ~ resulting volatile hydrocarbon was lost upon workup. This
capture of10, as expected from ref 5, but those from allyllithiums hypothesis was tested by reductive lithiationlfin THF. The

11 It seemed likely that these products were formed from the cyclized organolithium, which was not trapped by added paraform-
aldehyde, removed a proton from solvent to deliver an excellent
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Ed.; JAI Press: Greenwich, CT, 1994; Vol. 3, pp 221/3. (9) A reviewer observed that the mainly cis configurationlafsupports
(5) Josey, A. DJ. Org. Chem1974 39, 139-145. the metalle-ene cyclization since a trans configuration is generated when a
(6) Two lithium—ene cyclizations, not included in the revietvsjay be nonallylic secondary organolithium cyclizes in a similar fashion: Bailey, W.
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Scheme 4 AE¥ for the lithium—enecyclization6 — 7 (19.4-25.8 kcal/mol8
n-Oct n-Oct erending on stere;ochemistry) is slightly higher than that for the
Li_ _SPh = 1 #E‘EB_ —g° intermolecularversion in Scheme 6, probably partly due to the
\K Br SPh ———>2—— enophile being substituted. When continuum models of solvation,
X "-00;;C/ 5= g (gHzo) 2‘:«5% — included in Gaussian, were applied to the transition states,

reactants, and products for both the-ene and Ct-ene reactions,
the calculated energy difference between the two processes in

Scheme 5 Scheme 6 was even greater. Self-Consistent Reaction Field
/)H H (SCRF) models used included the Polarized Continuum M#8el
dﬁ{z — // (PCM) and Isodensity Surface PCMIPCM) models. It is thus
L L likely that this process is actually a lithiungne cyclization as
originally surmised.
Scheme 6 The original putative result which is quoted in the reviews
indicates not only that the lithiurmene cyclization occurs at25
Q Q Li Ui °C, which it does not (the original pageis less than clear on
dl( j) — m d j)/\ . (\‘(\ this point), but that the cyclization is thermodynamically favorable.
Li Li H H Now that we know that the product structure was misassigned,
Li-ene AE* 16.8 kcal/mol Cl-ene AE? 37.7 kcal/mol the possibility exists that this is not so and that the ring closure

) ] ) ) . is driven to completion by the subsequent intramolecular or
responsible for the previously inadequately explained high degreejntermolecular proton transfer. To test this reversibilywas
of ca_rpamlc;mc cyclopolymerization of butadiene under certain prepared by reductive lithiation of the corresponding phenyl
conditions'? ) o thioether and an attempt was made to trap it or its retrocyclization
For the cyclization of a terminally unsaturated methallyllithium product with paraformaldehyde. Apparently, only protonated
to an allyllithium analogous td and11, Edwards and McQuillif product was generated since no trapped product could be isolated

suggested a very interesting carbanion-induced ene r(.eactionumess paraformaldeyde was added prior to warming t&C20n
(Scheme 5), which differs fundamentally from our suggestion of i case the cyclic alcohol was isolated in excellent yield.

a lithium—ene cyclization followed by a 1,5-proton transfer. In . . .

their concept, one conjugated organolithium is converted directly . . We again turned to computations. Although the intermolecular

to another, no nonconjugated alkyllithium intervening. Whereas Li—ene process sh_own in Scheme 6 was found to leie=

the Alder ene reaction usually occurs at temperatures above 200 31 kcal/mql, the intramolecular proce8s— 7 was foupd o

°C B it was suggested that the carbanionic site greatly facilitates be endergoplc[(E = 7L11'2 t°+11'9. kcal/mol,. dependlng on
stereochemistry; the six-membered ring formation is only slightly

the reaction. : . .
We examined the two mechanisms both by determining the endergonic). It thus appears that the incorrect assignmehtamof

deuterium isotope effect for the reactin— 11 (Scheme 2),  the product of cyclization of led to considerably incorrect
where9 contains CH or CDs, and by ab initio computations. conclusions about the I|th|u1=fen'e cyclization. While it is a
The absence of a primary isotope effect would essentially disprove Process that occurs more readily than the far more common
the mechanism in Scheme 5 as well as that involving a reversible Magnesium analogue, unlike the latter it is probably thermody-
cyclization followed by a rate-determining proton transfen namically unfavorable and observed_ only when the c_ycll_zatlon
isotope effect would be revealed if allowign = 1; R = CHs product undergoes a subsequent |rre_ver5|ble reaéhd'ml_s_
or CDs;) to cyclize for a given length of time resulted in concept has_ been utilized synthencally ina rema_lrkably efficient,
significantly more cyclization when R= CHs; than when it is stereoselective, tandem cycllzatﬁﬁ.'he lack of an isotope effect
CDs. In the event, allowing each cyclization to occur g®for in 9 — 11is consistent with the proton transfer being far more
3 h led to an 86/14 ratio of cyclized to uncyclized thioether when rapid than the retrocyclization, i.e., the ring closure is the rate
R = CH; and a ratio of 81/19 when R CDs; this leads to an determining step. This conclusion is also suggested by Scheme
approximate isotope effect of 1.69An independent experiment 3. If ring opening had preceded proton transfer, the resulting
involving about 90% cyclization of an equimolar mixture of Product would be cis as in Schemé&32.
labeled and unlabele® and determination of the deuterium
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