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Why is cig/trans stereoinversion with Li'(THF)s migration across the

phenyl ring of a-lithiostyrene acceleratedby two ortho-methyl groups?

In memory of Professor Joseph Klein
Rudolf Knorr, Ernst Lattke, Jakob Ruhdorfer, Kathifierchland, Ulrich von Roman

ABSTRACT

Common wisdom might anticipate that two methyl groplaced on a molecular migration
route should act as an impediment. However, tbadacted tour” migration of L{THF),
across the aryl ring ttroute”) during thecis/trans stereoinversion afi-arylvinyllithiums had
been found to occur with practically equal velastin the presence of either one or two
ortho-alkyl substituents. We now report that the onoisf bothortho-methyl groups
retardsthe stereoinversion process. In order to arrivanaanswer to the title question, we
investigate the aggregation equilibria and micrestibn states obrtho,ortho’-unsubstituted
a-lithiostyrenes by means of approved secondary Niviferia. Beyond such necessary
knowledge about the ground-state properties, weigeckinetic evidence showing that the
retardedcig/trans stereoinversion af-lithiostyrene proceeds by the pseudomonomolecular,

ionic mechanism with L{THF),; migration.

Key words: Aggregation, Li migration, Microsolvation, Reaction mechanisms,

Stereolability, Vinylanions

1. Introduction

Crystallographic studies of many organolithium caunpds disclosed a multitude of solid-
state structures with various kinds of aggregagiod degrees of microsolvation (namely, the
coordination of “explicit” electron-pair donatinigands at lithium}> These structures may
or may not survive a transfer from the crystal iateolution; therefore, dissolved
organolithiums require additional analytic techr@guor differentiating monomeric from
dimeric and higher aggregational states. Undeall& conditions, scalar NMR one-bond
coupling constant£J(**C °Li) or (less conveniently)J(**C,’Li) can provide such
differentiations. In contrast to molecular weidleterminations, this NMR technique can
work even for contaminated solutions and in thes@nee of two or more organolithium
specie€. Due to the high mobility of ['i cations within and between dissolved organolithiu
molecules, however, suchC °Li spin-spin coupling must be sought at sufficigrtw

temperatures that retard intermoleculdr kcrambling and consenfti—*C(a) spin



coherence on the NMR time scales. Since the namstron monodentate (nonchelating)
ligands such as tetrahydrofuran (THF) of@Ebften are even more mobile than,Li
determinations of their microsolvation numbefsin solution remained difficult for a long
time. Scheme 1 displagsarylalkenyllithiumsl — 12 whose (non)aggregation and
microsolvation states were establishéd through the abovéJc i technique: With one
exceptio® (namely, dimerid0), all of these compounds turned out to be moninier
THF as the solvent; all of these monomers weselirated withd = 3 THF ligands at Li
With non-THF ligands such asJ&X ortert-butyl methyl etherttBuOMe), the monomeric
species ofla—e,” 5¢* and7b*® were only disolvatedi(= 2), whereas most of the other
examples in Scheme 1 formed disolvated dimers withl monodentate ligand at Li. Steric
congestion by bulky substituents in thgd@egion ofla—e or at theortho,ortho’-positions of
thea-aryl group B¢, 7b) disfavored dimerization of the monomers. Highggregated states
were detected for unsolvated speciks Q) ofla, 5¢, and10-12 that were sufficiently
soluble in donor-free hydrocarbon solvents; howgewely the unsolvated cyclotrimefic
species ofla could be structurally characterized.
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The most direct experimental evidence for the dtgcmicrosolvation numberd = 1 or
2 at Li was obtained through NMR integration omyrh the sterically congested
arylalkenyllithiumsla,’ 1e® 3a° and5b,** whose ligand scrambling was sufficiently
retarded: The'H and **C NMR spectra o6b displayed separate signals for free and
coordinated (immobilized) monodentate ligands et thed values followed from the
NMR integrals of the immobilized ligands in comsam with suitable integrals of the
carbanionic part. These integral ratios and dsaniagnitudes of the abovdc ;i coupling$
were dubbed primary NMR criteria of microsolvatidmit such criteria are unavailable
without steric shielding and efficient cooling bktsolutions. Therefore, the less encumbered
examples in Scheme 1 had to be analyzed by secoNd#R criteria: First, scalar two-bond
coupling constant$J, 4 between the twf-protons in the HC=C moieties can reveal
microsolvation numbers. Second, chemical shift differenc®8 between corresponding
nuclei of an organolithium (RLi) and its “parentilsstance (RH) can also serve as secondary
criteria: Some of these lithiation shiftsd= JRLi) — ARH) may contain hints at
microsolvation, aggregation, and theryl conformation. Except fdrO whosea-aryl group
is conformationally fixed, all other compounds ich8me 1 preferred a close to perpendicular
relationship of thex-aryl and the Gf)=C(3) double-bond planes; even the single small 2-
CHs substituent iri2 did not admit greater deviations from this confation that is
preserved by substantial electronic barffels againsti-aryl rotation about the @j—C(1)
bond. Considering that the above conformationalgrence and the resistance against
aggregation in THF had been detected also fohedketi-arylvinyllithiums 9, 11, and12)
that carry only onertho-substituent, we felt motivated to extend earltedies® of
examples without angrtho substituent, in particular to the apparently “siefijm-
lithiostyrene. The present kinetic results raigettitle question and provided an answer that

is compatible with the “conducted todt"migration.

2. Results and discussion

2.1. Preparation, ground states, and aggregatidril®e 0,0 -unsubstitutedr-lithiostyrenes
The Br/Li interchange reaction (Scheme 2pdbromo-4-(trimethylsilyl)styrenel3a)

with n-butyllithium (n-BuLli, 1.1 equiv) to givea-[4-(trimethylsilyl)phenyl]vinyllithium (4a)

and 1-bromobutane{BuBr) was surprisingly fast in donor-free pentasethe solvent:

Unsolvatedl4aemerged with a first half-reaction time of ca. Birat 32 °C and displayed a

considerably broadened AB-type spectrum oBifgrotons with2J, 4 = 4.0 Hz. Regrettably,

this donor-free species @flabegan to decay with polymerization. In@tas the solvent, the

Br/Li interchange ofil3awas much faster and furnished the(tolvated species @#athat
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polymerized less rapidly and formed the abtd on carboxylation with solid C however,
the interfering reaction df4awith its coproduch-BuBr started soon and was complete
within two days at room temperature (rt). In ortieprevent such a destructionlafa n-

BuBr and all other volatile impurities were removieaim the EO solution under reduced
pressure (< 0.1 mbar), leavidgatogether with some LiBr (ca. 0.3 equiv) as an odsidue
that was dissolved in D, THF, or other anhydrous solvents for the NMRI&s. Since the
above-mentioned primary NMR criterion &1C °Li spin-spin coupling remained unavailable
for 14aand for all of the followingrtho-unsubstituted-lithiostyrenes even at the lowest
temperatures, we used the secondary NMR criteflighedtion shifts, Ad= JRLi) — ARH),

as a tool for purging(RLi) from some of the constitutional effects tha¢ also present in

ARH).
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Scheme 2.Preparation and derivatization of hra@rylvinyllithiums 14a-d.

In E,O as the solvent at 25 °C, the valu\a{C-1) = +20.7 ppm (entry 6 of Table 1)
classifiedl4aas predominantly dimeric on account of the simiues of the established
dimers of5a (entry 2}* and12 (entry 4)** The strongly positivd XC-B) in entry 6 will turn
out to be characteristic of the other dimdricfellows; butl4awas not sufficiently stable to
furnish additional evidence at and below rt. Oadther handl4awas stable in THF as the
solvent in the absence ofBuBr: ItsAd data for Cea, C-1, and C4 (entry 5) disclosed a
nonaggregated (monomeric) state through compavigbithe established monomersaat
(entry 1}* and12 (entry 3)*° The most strongly negative value AC-4) = —14.8 ppm
(entry 5) is typical for MgSi substitution (=17.9 ppm ibe)’ and due to a close to



perpendicular relationship of tlwearyl plane with respect to the @EC(3) double-bond
plane®® Although a dimeric species d#iacould not be separately identified in this THF

solution, its growing population on warming (theia’ endothermic dimerization) appeared
to be the reason behind the temperature-depentteand **C NMR spectra (Tables &)
TheAddata became less positive foroGxnd C-1 but more positive for §-C-4, 2-/6-H, 3-

/5-H, and the tw@-H resonances. The fulld set of monomerié¢4aat —115 °C is depicted

in Figure 1b.
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Fig. 1. Lithiation 'H (in parentheses) antfC NMR shifts A3 = &(RLi) — 8(RH) of 14a-d.



Table 1. Microsolvation numberd, NMR coupling constantsy  [Hz] of CH,-B, and lithiation shiftsAd = JRLi) — ARH) of thea-
arylvinyllithiums 5a, 12, and14a-d in four solvents.

entry cpd. a-aryl solvent agd “dun[Hz] Ay d€ chemical shiftsd [ppm] temp. Ref.
no. no. substituent (at°C)®  [Hz] Ca Cf C1 C4 4H °C

1 5a 2,6-Me THF M 8.8k+2) 6.6 29 +764-109 +242 -11.0 -0.76 -89 11
2 5a 2,6-Me t-BuOMe D 57-7) 3.5 11 +68.1 -3.6 +194 -7.0 -043 -40 11
3 12  2-Me THF M 8.0 (+25) 6.24 2.7 +77.3-47 +27.8 -104 -0.61 -38 15
4 12 2-Me ExO D — - — +67.9 +5.0 +21.8 -6.1 - —70 15
5 14a 4-SiMe THF® M 8.0e-50) 7.0 32 +73.3 -04 +27.9-148 - -115 f
6 14a 4-SiMe Et,O D 5.5 (+25) 4.5 1.7 - +9.420.7 - - +25 f
7 14b 4-Cl THF® M 8.0 (-44) 7.1 3.2 +72.7 +1.0 +269 -11.0 - -115 f
8 14b 4-Cl EvO D 5.8 (+25) 49 1.9 +65.2 +9.8 +21.4 -58 - -99 f
9 l4c 4-Me THF D 6.7 (+51) 5.6 23 +685 +59 +249 -99 - —-88 f
10 14d 4-H THF*® M — - - +734 +15 +26.6 -94 -0.61 -118 f
11 14d 4-H THF® D - - - +67.7 +8.1 +245 -7.7 -0.47 -118 f
12 14d 4-H t-BuOMe D¢ 5.8 &-22) 4.7 1.8 +66.4 +10.2 +21.3 -6.7 -0.37 -101 f
13 14d 4-H GHwo" Aggl 4.8(+25) 3.7 1.2 +56.2 +13.6 +17.5 -49 -034 -41 f

2“M” = monomer, “D” = dimer at the temperatures ded before the last columA.Temperatures of thidJy 4 value. ¢ Formal
value as calculated from eq 2 before roundih@emperature of determinations AP = JRLi) — ARH). ® With hydrocarbon
cosolvents.” This work. ¢ Accompanied by the unidentified aggregates AgallAgg2. " CsHio = cyclopentanewitk-BuOMe (2.4
equiv with respect ta4d).



a-(4-Chlorophenyl)vinyllithium {4b) was prepared from bromoalkeb&b in pentane
under the above conditions (as 1@ with a comparably short first half-reaction tirzued
again “J4n = ca. 4 Hz. In a similar race against polymetizrg the procedure fat4dawas
used to creatd4b and LiBr (ca. 0.3-1.4 equiv) in £ solutions with subsequent evaporation
of n-BuBr. Although the interference by polymerizati@duced the number of interpretable
NMR spectra drastically, th®d data (entry 7 and Figure 1a) revedldd to be monomeric
in THF, as shown by the similar data of monomé#dain entry 5 and Figure 1b. InJf& as
the solventl4b was predominantly dimeric (entry 8 and Figure &s)recognized through
comparisons with the established dimerSafentry 2) andL2 (entry 4). The constitutions of
14bandl4ain EtO before evaporation were confirmed through thigiaic addition reactions
to dialkyl ketones:*H and *C NMR analyses of the pure addu®84S10*® showed no
signs of internal overcrowding. NevertheldsBu,C=0 added to both4aandl4b only in
the absence of the more reactive diisopropyl ketonanalogy with a corresponding
selectivity reportet? for 5a

Unsolvatedx-(4-methylphenyl)vinyllithium {4¢) was obtained from bromoalkeh8c
with n-BuLi in pentane by a Br/Li interchange reactioatttvas complete after 60 min at rt.
The precipitation of powdery4cwas accompanied by the formation of LiBr that donbt
totally be removed through subsequent washings péttiane. Formation of the adific'®
through carboxylation established the constituabfi4c In THF as the solvent4cwas
dimeric down to —88 °C, as revealed by Figure ddi the following comparisons with
dimeric14b and with the establish&ddimer of12in ELO: In the vicinity of the Li—Cf)
bonds, thAJdC-a) andAJC-f3) values were similar for all three compounds (est®, 8, and
4, respectively). Thud4chad overcome the usual tendency of THF to deagtgemur
dimers, presumably because tiaelectron-repellent 4-CHdisfavored the nonobserved
monomer.

a-Lithiostyrene @-phenylvinyllithium,14d) was prepared frorm-bromostyrenel(3d) in
cyclopentane or pentane by the above procedurd4mwith a similar problem: The
precipitating powder could be purified through wiaghwith (cyclo)pentane, but it retained
some LiBr that was carried over to the fresh salvamd the NMR studies. The alternative
performance of this Br/Li interchange reaction ditgin E6LO ort-BuOMe at —75 °C was
unprofitable sincd4d was generated in competition with formation ofrailer amount of
the acetylide PhCCLi. In contrasttdaandl14b, the purified samples df4d were
thermally stable up to 110 °C for at least a fewuntes in THF as the solvent. With a
sufficient portion of saturated hydrocarbons abasnts, such THF solutions remained
liquid at and below —118 °C during tHel and **C NMR runs that disclosed the presence of

both monomeric and dimerietd (Tables S5% and S5b). The monomeric species (entry 10
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of Table 1; Figure 1f) was identified throughlitiiation shiftsAo that resembled those of
the established monomers&ad, 12, 143 andl14b (entries 1, 3, 5, and 7). Dimefidd was
recognized at —118 °C (entry 11) in the same mwiuhrough itsAd data that resembled
those of dimerid4c (entry 9). The separateti and **C NMR signals of these twb4d
species coalesced pairwise in the temperaturenegic-104 °C; on further warm-up, the
averaged resonance positions moved accordingharagang monomer/dimer population
ratio: With a totafl4d concentration of 0.3 M in units of the monomeinaia, ca. 40% of
the material in THF was in the monomeric form a Below —118 °C but only ca. 20% at 25
°C. The 'H NMR spectrum of such a mixture (Figure 2b) exteibithe typical upfield shifts
of 4-H (triplet) and 2-/6-H (doublet) that resuitough delocalization of negative electric
charge from the Li—@() bond into the aromatit system (quasi-benzyllithium resonafit?.
The monomer population a#din THF was higher than that dfic (bearing 4-CH) but

lower than those df4b (4-Cl) andl4a(4-SiMe;). The dimeric species a#d was present
also in the solverttBuOMe, as shown by comparison of the data in esittil and 12 or in
Figures 1le and 1g; this dimer was accompanieavbynidentified components (but not by
monomericl4d). These two components (Aggl and Agg2) wiete species since all of
their *H and **C NMR signals formed weighted averages with thdseedimeric species
above the coalescence temperatures of about =55°€hown in Tables S8aand S6b. For
instance, the averag@dvalues up to 25 °C were roughly compatible wiité t
dimer/Agg1/Agg?2 ratio of ca. 3:5:2 that was meadwae —118 °C. Figure 2a displays the
NMR spectrum of that mixture witld values that differ substantially from those o th
monomer/dimer mixture in Figure 2b. (The broad pumlongs to polymerized material, and
thetrans-H doublet is broadened through a neighbourly mgireteraction with°Li.)
Replacing the excess portion of thBuOMe solvent by cyclopentane, we re-encountered
with Aggl as a highly predominant specied €l that exhibited practically the santéC
NMR shifts at —80 °C (Table S%Ppas int-BuOMe as the solvent. On the other hand, the
broadened two-proton NMR resonance of 2-/6-H wasilly temperature-dependent
(Table S71®), perhaps due to the shortage-8uOMe (ca. 2.4 equiv) donor ligands in
cyclopentane. Nevertheless, the higher than do@ggregational state of Aggl was clearly
evident from entry 13 (Table 1) and Figure 1h by typically’ diminishedAd magnitudes
of C-a, C-1, C-2/-6, C-3/-5, and C-4. It will be shownthe next section that Aggl was
solvated byd = 1t-BuOMe ligand per carbanion unit at +25, —25, antl °C.



a) in t-BuOMe

3-/5-H ||

CIS trans
S L B T L B B I I i s e o R
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Fig. 2. 'H NMR spectra (400 MHz, 25 °C) of dimeuelithiostyrene (4d) in rapidly
equilibrating mixtures with its congeners: a) aggad with highell4d aggregates (ca. 70%)
in t-BuOMe as the solvent; b) averaged with monombtit(ca. 20%) in THF; x =

benzene.

This section revealed that thdithiostyrene family £4d) consisted of a least four
members, three of which (dimer, Aggl, and Agg2eied int-BuOMe as the solvent,
while the monomeric and dimeric species alone wekin THF. A shortage of the donor
ligandt-BuOMe in cyclopentane favored the preponderantispdggl. With electron-
withdrawingpara-substituents (4-SiMeand 4-Cl), 14aand14b were predominantly
monomeric in THF but remained purely dimeric in@&#s the solvent; unfortunately, they
were inconveniently prone to polymerization. TRE€H; derivativel4cwas (likel0) one of

our first examples with a strong inclination towalicherization in THF.
2.2. Differentials of 2Jy 1 can disclose microsolvation

Microsolvation numbersd of B-unsubstituted vinyllithium derivatives (“RLi") maye
recognized by their linear relationship with thetaond NMR coupling constants ; of
the CH-B protons: The empiricdl eq 1 predicted that unsolvatet= 0) samples should
display “Ju 4 = 3.9 Hz, whereas the experimental values we ¢4 for 11and 4.5 HZ
for 12 (Scheme 1). As a possible explanation, “solvétimynthe contaminating LiBr (often
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ca. 0.3 equiv) in the donor-free solutions may aotdor these somewhat oversized
magnitudes ofzJH,H. In fact, this interference by LiBr disappearecdkthereal solvents that
solvated both LiBr and the organolithium specigsasately, so that their THF solutions
showed'H NMR data that equaled those of LiBr-freéd in THF?° However, the solvation-
independent term 3.9 ppm in eq 1 may contain cmisthal contributions that are also
present in thé’Jy 1 values of the appertaining “parent” alkenes (“RHThis was hitherto of
little consequence for us as long @k 4 magnitudes of RH were hardly different: 2 Q)
Hz for 2,6-dimethylstyrerfé ?® (= RH of5a), 1.7 HZ° for RH of11, 1.76 HZ> for RH of

12, 1.9 HZ* for RH of8, and 1.7 HZ* for RH of9. However, we now have to consitfer
the diminished®J, 4y magnitudes of other alkenes (RH) suciisa(1.0 Hz)?* 15b (0.87
Hz),?®> 15c(1.11 Hz)*® and15d (1.09 Hz)*® Hence, the empirical eq 2 withl -
differentials £\2J41)*° is now proposed as a numerically identical rerfaiation of eq 1.

The new solvation-independent part [1.7(1) Hz irRemay still contain smaller contributions
to ZJH,H from residual constitution- and conformation-degent effects that are not equal for
RLi (14) and RH {5). For unsolvated4aand14b, eq 2 ¢ = 0) predicts®?Jy 4 =ca. 1.7 +
0.9= 2.6 Hz, whereas the experimental values were E& ih Section 2.1. Of course, we
must allow again for “solvation” by the contamimafiLiBr in the “donor-free” hydrocarbon
solutions. {4cand14d were not sufficiently soluble in donor-free, satedd hydrocarbons.)
As this LiBr effect vanished in ethereal solveiats deduced above, eq 2 provided reliable
estimates for the microsolvation numbetsin the following examples. Columul™in Table
1 displays the (numerically over-exact) resultobefounding off: The monomeric species
are trisolvatedd = 3 in entries 1, 3, 5, and 7), and monom&g@dentry 3) appeared to
populate its dimeric species at rt in THF. As usdaneric5awas disolvatedd = 1t-

BuOMe ligand in entry 23} hence it came as a surprise that the dintetio-unsubstituted
a-lithiostyrenesl4a—c(entries 6, 8, and 9) appeared to be tetrasohatedi= 2 ligands per
carbanion unit, presumably due to facilitated imrndtion of a second “explicit” ligand per
Li center. Regrettably?J, 4 coupling was not resolved for the two separapetiss ofL4d

in THF; we therefore took recourse to comparisafrthe AJC-a) andAJC-1) data which
suggested that monomefidd was trisolvated (entry 10 compared with 7) and tiaeric
14d was tetrasolvated in THF (entry 11 compared wign8 12). The unidentified higher
aggregate Aggl df4dturned out to be solvated ly= 1t-BuOMe ligand in cyclopentane
solution (entry 13). Consequently, the mixturéetfasolvated dimed(= 2) with the higher
aggregated speciesttBuOMe should provide averagddvalues between 1 and 2 under
conditions of rapid interconversion; this predatiagrees with the observed valualef 1.8
(above —22 °Cin entry 12).

11



2Jyn = dx1.67 Hz + 3.9 Hz 1)
ACIn) = 2n(RLI) —2Jhn(RH) = dx 1.67 Hz + 1.7(1) Hz 2)

Hexamethylphosphoramide (HMPA) is known to coortBrmrauch more strongly than
THF to Li cations®’ Thus, a modest concentration of HMPA (1.1 M,Zaquiv) sufficed
apparently to shift the mobile monomer/dimer etuilim (ca. 1:4) ofl4d in THF at rt
toward the trisolvated monomer wifldy 1 = 8.0 Hz (formallyd = 3.1 by eq 2). Actually, a
somewhat higher portion of HMPA (3 equiv) createel lithiation shift Ad4-H) = —0.76 ppm
for 14din THF; this value exceeded the magnitude\@{4-H) = —0.61 ppm fol4din the
absence of HMPA (entry 10, or Figure 1f). This destrated that HMPA-solvatedLiis
more electron-releasing than THF-solvatet Wihich is understandable because the oxygen
atom in HMPA carries a formal negative charge.aA®nsequence, this reduced
electronegativity of HMPA-solvated Limay exaggerate the magnitude?sf, ,; that
depends the-inductive effect within the double-bond planegeaglained previously*
Indeed, still higher HMPA concentrations increagédy up to at least 8.9 Hz at —74 °C, for
which eq 2 would predict an overestimated microstddn number ofd = 3.7; this suggested
that eq 2 would require a modified parametrizatmmncounting electrically charged donor
centers such as in HMPA or the “solvating” LiBr®éction 2.1. However, such a
modification was deemed unnecessary as far asittresulvation numbersl = 1 — 4 of
HMPA could be determined directly through inspettfoof Li/*'P NMR coupling patterns.

This section illustrated the applicability of thegrical eq 2 that infers microsolvation
numbers from “differential” two-bond inter-protonwpling constants\?Jy +; of -
unsubstituted vinyllithiums. Experimental problearsse occasionally through serious line
broadening of this olefinic =CHAB spectral system ih4.

2.3. Cisl/trans stereoinversion in THF

The pseudomonomolecular, ionic mecharfiShof cis/trans stereoinversion (Scheme 3)
was established for the trisolvated, monomeric iggeaf the alkenyllithiumda—e, 2, 3ab,
5a-<, 9, 11, and12in THF as the solvent. It proceeds via an NMRsible, solvent-
separated ion pair with transitory immobilizatidredfourth THF ligand at Li; therefore, it is
catalyzed by THF at the expense of a charactalktinegative pseudoactivation entropy of
AS,' = ca. —23(3) cal mol K. Fora-arylvinyllithiums such a$, 9, 11, or 12, this
stereoinversion interconverted ttie andtrans environments of the two diastereotofi¢d
nuclei. Depending on the applied magnetic fietdrggth and the temperatures, increasing
rates of this “diastereotopomerization” will fitstoaden the four-line (AB type, Section 2.2)
proton pattern and then lead to coalescence istoget signal at the resonance position of

12



(o + &)/228 Computer-aided total line-shape simulatfSnafforded the pseudo-first-order
rate constantsk, which depend on the THF concentration and orKelein temperatures.
The linear correlation of the logarithms of thdgge values (Tables S9-S'fpversus 1T, as
illustrated by the Arrhenius plots in Figure 3,caffed the pseudoactivation parametAG,*

= AHy* —TxAS,* for the stereoinversion df4a b, andd in THF. The predominantly
monomerica-[4-(trimethylsilyl)phenyl]vinyllithium (L4a entry 4 of Table 2) could be
measured at temperatures up to 62 °C and turnetd dat the fastest member of this series
(line ¢ of Figure 3, and entries 4—6 of Table Zhe more readily polymerizing-(4-
chlorophenyl)vinyllithium (4b) inverted a little less rapidly (Figure 3, linedr)d furnished
practically the same pseudoactivation entrd&,* asl4a(entries 4 and 5). Both of these
AS,* values were significantly more negative thanabeve-mentioned benchmark AS*

= ca. —23(3) cal mot K™ and the values in entries 1 — 3. Since thesemntalues are
partially due to immobilization of the fourth THi§&nd in an ion-pair intermediate, their
increased magnitudes in entries 4 and 5 may berstiodel as a hint at the possiblility that the
stereoinversions df4aand14b (Scheme 3) depended on both the trisolvated monoifte=

3) and the tetrasolvated dimert< 2) species: The transitory immobilization ofnethan

one THF ligand in order to generaté(liHF), from the dimeric portion would then create an
additional entropic penalty. Compared wiid(entry 1) andL.2 (entry 2), the strongly
diminished pseudoactivation enthalpi&sl,* in entries 4 and 5 were caused partially by the
accelerating effect of theara-substituents 4-SiMe and 4-Cl, respectively, as expected from
the following establish&dtrait of the ionic stereoinversion mechanism.e Bppertaining
Hammett reaction constamt = +5.2 (discoverédwith 1a-e) is an essential piece of
mechanistic evidence; as far as it is applicalsle @ thea-lithiostyrenesl4a—d it would
predict forl4d a AG,*(0 °C) barrier that should be higher by ca. 1 koal™ than those of
the more rapidly inverting4aand14b (ca. 14.8 kcal mot in entries 4 and 5). Such an
estimate would approach the barrier of ca. 16.2kcd™ (entries 1 and 2) that could have
been expected fdrdd becaus@rtho-CH; groups do ndf change the barriers b (with
ortho,ortho’-dimethyl) andl2 (with one freeortho-position). Instead, the observed value
(entry 6) was even higher by almost 1.5 kcal Thethich suggests to look more closely at the

kinetic problems witli4d in the sequel.
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- R = H,.Cl, SiMe,

(R, Al LR
05 SOLITHR), | - 1he SOLi (THF), (THF), LiGyg
I o - I . —_—— — o I
H B H +THE HBH + THF -THE M BH
cis trans cis trans trans cis
— — 2
Dimer in THF Monomer in THF Transition state Monomer in THF

Scheme 3.The rapidly reversible formation of tetrasolvatiohers withdraws
fractions of the trisolvated monomerslafa b,ord from their

pseudomonomolecular, iongts/trans stereoinversion process in THF as the solvent.

Table 2. Pseudoactivation parameteh§,* (kcal mol* at 0 °C), AHy* (kcal mot?), and
ASy* (cal mol™ K™) for thecig/trans diastereotopomerization ratescofarylvinyllithiums
53,9, 12 144 14b, and14din THF.

entry compd aryl group® AG,'(0°C)  AH,' AS,* HT® Ref.
1  5a  26-MePh 163 ¢0.1) 10.2 £0.7) —22.2 ¢2.2) +5.0 11
2 12 2-MePh  16.14 £0.05) 10.6 (0.3) —20.2 £0.8) +74.0 15
3 9 naphthyl-1 12.94 ¢0.01) 6.9 ¢0.1) —22.3 £0.4) +28.0 14
4 14a  4-MesSiPh 1457 ¢£0.05) 6.4 ¢0.4) —29.8 ¢1.2) +62.0 c
5  14b  4-CIPh 15.06 £0.03) 7.3 ¢0.4) —28.3 {1.3) +355 ¢
6  14d° phenyl  17.68 £0.05) 7.9 £0.3) —35.9 ¢1.1) +80.0 ¢
7 14d® phenyl 13.95 ¢0.00) 6.1 ¢0.3) —28.9 £0.9) +28.0 c

2 Me = methyl, Ph = phenyP HT = highest temperature (°C) of the rate measargs

° This work. 4[14d] = 0.6 M. ®[14d] = 0.57 M, [HMPA] = 1.1 M, [LiBr] = 0.7 M,

Z'JH,H = 8.5 Hz.
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Fig. 3. Temperature-dependent decadic logarithygied) of the pseudo-first-order
stereoinversion rate constarkg (s of thea-lithiostyrenesl4a, 14b, and14din THF
(Tables S9-S19): (a)14d: (b)14b; (c)14a (d)14dwith HMPA (2 equiv).

Our stereoinversion studies withlithiostyrene {4d) posed the theoretical problem that it
would not be possible to obtain detailed knowledigeut the individual contributions of the
monomeric and dimeric components even though daffeeind higher aggregates are
known'* to invert more slowly (by unidentified mechanidrtign the monomers.
Furthermore, experimental confirmations of the abowonsidered increase &6, (0 °C) for
14d were foreshadowed by the practical problem of m&ag stereoinversion rate constants
ky that were often not fast enough to generatelsleitne-broadening in the lower
temperature regions even at NMR machine frequesiesnall as 100 or 60 MHz.
Therefore, we used also the double-resonance NN#éRaton technique that was described
by Forsén and Hoffmaff and improved by Anet and Bouitf. We applied this saturation-
transfer method to the equilibrating mixture (47%:68(2)- and €)-[B-D1]14d that had been
prepared fromE,2)-[B-D1]13d"® (Scheme 4). With deuterium decoupling of the twGHD
proton singlets of4,E)-[B-D1]14din THF, a sudden selectiviH irradiation (“saturation”) of
theZ singlet reduced the intensity of thResinglet (or vice versa) at a rate that depended on
the Z - E (or E - Z, respectively) stereoinversion rate. For simplicive report (Table
S11%) ky values that are weighted averages of the slighitfgring Z - E andE - Z rate
constants (whose ratio accounts for the aboveibguiin mixture). The temperature

dependence ok (line a of Figure 3) afforded the pseudoactivaparameters for the
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monomer/dimer mixture listed in entry 6 of TableQompared with monomerta (entry 1),
the dimeric fraction ol4d appeared to have lowered bdH,* (by more than 2 kcal ma)
andAS,* (by almost 14 units); these trends agree wighusual” exothermic and entropy-

consuming deaggregation of dimemiearylalkenyllithiums in THF.

Ph._-Br Br<_-Ph
I E/Z =63:37 I

D H D H

(E)-[B-D,]13d (2)-[3-D,]13d
+ n-Buli
¢ - n-BuBr ¢

D H ZIE = 47:53 D H

(2)-[B-D,]14d (E)-[B-D,]14d

Scheme 4.Preparation and,E-stereoinversion equilibrium offD1]14d.

Should we interpret thedeld properties on the basis of the ionic stereoinoearsi
mechanism that applies 5&? Admixtures of dry LiBr td4d in THF appeared to cause
modest (up to 6-fold) accelerations that resemtilede observéd for 5a, whereas additions
of dry (aprotic) LiQ-Bu did not change the rate-broadened line shajes;absence of an
equal-cation-caused retardation effect agreed thélabsence of an ionic dissociation step
from the establishéd! ionic stereoinversion mechanism. On the othedhadditions of
increasing portions of aprotic KBu (up to 1 equiv) accelerated not only the stienezrsion
dramatically (up to > 200-fold) but also the decasipon of14d. Thus, an increased ionic
character of the (presumably monomeric) alkenykmitan compound facilitated the
stereoinversion. An even stronger acceleratioalinpst 3 orders of magnitude can be
visualized by comparing the ldg data ofl4din line a of Figure 3 with those in line d of
Figure 3 forl4din the presence of HMPA (2 equiv). The lattetsysdiastereotopomerized
rapidly enough at low temperatures to permit theeafsa few line-shape simulations that
yielded concordanky values for -D1]14d and unlabeled4d (hence, no perceptible kinetic
isotope effect). The pseudoactivation parametessich a run (entry 7 of Table 2) suggested
a twofold effect of HMPA: Compared with entry Betfurther decrease AH,* may be due
to stronger energetic stabilization of both the pair intermediate and the stereoinversion
transition state than of the ground staté4d. Energetic ground state stabilization by HMPA
(2 equiv) was also supposed in Section 2.2 to dserthe dimer population; this second
effect can account for the reduced magnitud&Syf (entry 7) in the direction toward the
entropies of the monomers in entries 1-3. Redngttan attempted closer approach to the
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entropy bench mark values of —23(3) cal Th&l™* was unattainable because higher HMPA
concentrations (> 3 equiv) led to the increasinglyid decomposition df4d and to ill-
defined activation parametefs.However, the observed pseudoactivation paramefiés

HMPA (entry 7) appeared to be still compatible witie ionic mechanisrft.

This section illustrated that an equilibrating systof monomeric and dimeric species of
the a-lithiostyrenel4d can impair numerically more precise interpretagiohthe kinetic
results. Nevertheless, we could demonstratel#hdsatisfies several criteria for the ionic
mechanism: The rate constardg were higher in THF than in £ ort-BuOMe as the
solvents; they stayed unchanged with Bl as an equal-cation additive in THF but were
substantially increased by added HMPA ligands ordgyectron-withdrawingpara-
substituents, while para-methyl group in dimerid4cretarded the inversion so much tht
NMR line-broadening could not be detected up t6G@3 THF. However, all observeki,
data were averages of those of the smaller monorfradtion € 20%) and of the
significantly lower rate constaritsof a major dimeric fraction. As a consequenkg,must
decrease when the monomeric population decreasiesnereasing concentrations bid.
Purely monomerid4d should invert with the sanf&G,*(0 °C)= 16.2 kcal mot* as5aand
12, whereas the experimental value (entry 6) \&%,*(0 °C) = 17.68(5) kcal mot; the rise
by 1.5 kcal mol* can be ascribed to the presence of dinfetitthat participated indirectly

in the stereoinversion process through deaggregatio

3. Conclusion

(i) The structural assignments by secondary NMiria (Advalues) and the conclusions
in this work were based on ample background knogéddtiat had been collected from the
analytically more suitable systems shown in Sch&@m&he more complicated (because
rapidly scrambling) systems &#id in THF ort-BuOMe might be suited for additional
reactivity studies by the Rapid Injection NNfRtechnique.

(i) In contrast to the purely monomeric naturexef2,6-dimethylphenyl)vinyllithium %a)
and several other alkenyllithiums (Scheme 1)atileo,ortho-unsubstitutedi-lithiostyrene
(14d) formed a monomer/dimer mixture (ca. 1:4 at 25rf@nits of the monomer formula) in
THF as the solvent. This very mobile dimerizatamyuilibrium required temperatures below
—101 °C for detecting and assigning the two comptmeThe equilibrium ratios changed
with the nature of thpara-positioned substituents: The electron-withdramdn8iMe; and
4-Cl groups preferred an increased monomer populat THF, whereas the electron-
repelling 4-CH group tolerated only the dimeric species. Mogestions of HMPA (2-3

equiv) appeared to deaggregate the dimeric spetie®d in THF.
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(i) In t-BuOMe as the solvent, the equilibrating mixturelwheric14d (ca. 30%) and
two unidentified aggregates (ca. 50 and 20%) “ft@eeady below —60 °C and provided no
NMR-evidence for the presence of a monomeric spedinly this majort-BuOMe-solvated
aggregate was found in cyclopentane as the sof{ent.

(iv) In analogy with the examples depicted in Subkel, the monomeric speciesldfg, b,
andd were detected to be trisolvated in THF. Theseasmvation numbersl(= 3) of
electrically uncharged donor centers (excluding HYl1Bould not be measured through NMR
integration; instead, they were calculated fromriagnitudes of the J8= interproton
coupling constant$J, 4 (eq 1) or from the numerically equivalent emgititelationship (eq
2) that uses the differena&®Jyp = 2Jyn(RLI) — 2Jqn(RH) =d x 1.67 Hz + 1.7(1) Hz of
RLi and its “parent” RH. Unlike all disolvated damc ortho-substituted examples in Scheme
1, the dimers of the,0 -unsubstituted-lithiostyrenesl4a-d were found to be tetrasolvated
with the microsolvation numbed = 2 electron-pair donor ligands per Li. Eq 2 selralso to
recognized = 1t-BuOMe ligand per carbanion unit of the prepondehagher aggregate of
14din cyclopentane.

(v) The interconversion of thes andtransenvironments of the #&= protons of the-
lithiostyrenesl4a, b, andd occurred most rapidly in THF as the solvent. docad with the
established pseudomonomolecular, ionic stereoiiforeraechanisni, thepara-substituents
SiMe; and Cl accelerated thess/transinterconversion, and the absenceho-substituents
did not facilitate this process. Although the vergbile dimerization equilibrium in THF
prevented detailed interpretations of the rate t@mts, their apparent pseudoactivation
parameters in Table 2 (entries 4 — 7) were comieatiith the ionic mechanisinThe
addition of KO-Bu or HMPA accelerated both tles,trans stereoinversion and the
decomposition oi4d strongly.

(vi) Since the aboveis trans stereoinversion mechani&napplies to monomeria-
lithiostyrene (4d), the pseudoactivation parameters in entry 6 dld'a can provide the
following answer to the title question. As fardasieric14din THF is much less stereolabile
than the monomer, its rapidly reversible deaggiegdowered AS,* (by 13.7 units) more
thanAH,* (by 2.3 kcal mof), both relative to purely monome#ain entry 1. This
retardation by an increase AAG,*(0 °C)= 1.4 kcal mol* can be ascribed to the kinetically
inactive fraction (namely, dimeriAd) that reduced the active monomeric populatiof4sf.

In short, the stereoinversion rate of the partiallynomericl4d was accelerated by two

ortho-methyl groups irba because they made their ground statgadtilly monomeric®®
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4. Experimental
4.1. General information

The previously®*? described methods were applied to perform thpasegions and
reactions of organolithium samples in NMR tubesarratgon gas cover. AfiH and °C
chemical shifts were referenced to internak®le abbreviations for the signal multiplicities
are as follows: d = doublet, dd = doublet of dethlddt = doublet of doublets of triplets, dm
= doublet of multiplets, dtd = doublet of tripletsdoublets, m = multiplet, q = quartet, qi =
quintet, quat = quaternary, s = singlet, sept tetep= triplet. All concentrations and

populations were counted in units of the monomantda.

4.2. a-Bromo-4-(trimethylsilyl)styrenel 3a)

1,1-Dibromo-1-[4’-(trimethylsilyl)phenyl]ethane (88ng, 1.15 mmol), prepar&dfrom
4-(trimethylsilyl)acetophenon®, was dissolved in anhydrotéN-dimethylformamide (2.5
mL) and heated to 90 °C under dry inert gas fomli8 (method A2 in Ref. 37). The cooled
mixture was dissolved in ED (25 mL), washed with distilled water 6 mL), dried over
MgSQ,, filtered, concentrated under dry inert gas, ameddfor 1 h under reduced pressure at
rt. The crude material (290 mg) became oxidizesilyyan contact with air to give-bromo-
4-(trimethylsilyl)acetophenon&){ = 0.30 and 4.20 ppm) that distilled together \tfitt
knowrt® liquid productl3a(bp 47 °C/0.005 mbar).

'H NMR of 13a(CDCk, 400 MHz) J 0.27 (s, 9H, MsSi), 5.77 and 6.12 (AB spectral
system?) = 2.0 Hz, 1 + 1H, olefinic CHp), 7.50 and 7.56 (AA'BB’ systerfi] = 8.4 Hz, 2x
2H, 2-/3-/5-/6-H) ppm;

13C NMR 0f13a(CDCl, 100.6 MHz) d —1.2 (gqseptid = 119.5 Hz3J = 2.0 Hz, MgSi),
117.6 (dd, apparent) = 167.1 and 158.4 Hz, GH), 126.5 (ddt}J = 159.8 Hz3) = 5.2 Hz,
apparent®J = ca. 2 Hz, C-2/-6), 131.1 (pseudo-qji, apparéht 5 Hz, Cer), 133.3 (sharp dd,
13=158.5 Hz2J = 8.6 Hz, C-3/-5), 138.8 (dtd) = 8.4, 7.8, and 3.6 Hz, C-1), 142 (
dodecet throughJ to 2-/6-H and the MgSi protons, C-4) ppm; assigned through the C,H
coupling patterns.

4.3. a-Bromo-4-chlorostyrenel@b)

The above protocol fat3awas applied to crude 1,1-dibromo-1-(4"-chlorophstiané®
(590 mg, 1.98 mmol) in anhydrodN-dimethylformamide (2.0 mL), yieldintH-NMR-
spectroscpically almost putdb®*® (390 mg, 91%) if kept always under inert gas coue
became oxidized ta-bromo-4-chloroacetophenone (mp 88-92 8¢+ 4.23 ppm) on contact
with air. *H NMR of 13b (CCl, 80 MHz) J 5.70 and 6.02 (AB spectral systéth= 1.8 Hz,
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1 + 1H, olefinic CH-B), 7.20 and 7.45 (AA'BB’ system] = 8.5 Hz, 2x 2H, 2-/3-/5-/6-H)
ppm. This material was dried under reduced presstinert gas for the subsequent

preparation ofL4b.

4.4. a-[4-(Trimethylsilyl)phenyl]vinyllithium 143)

4.4.1. In donor-free pentané dry NMR tube (5 mm) was charged with the
bromoalkenél3a (47 mg, 0.18 mmol) in pentane (0.5 mL), cooled-#8 °C under argon gas
cover, and treated withBuPLi (0.18 mmol) in hexane (0.074 mL). After 9 min32 °C, the
'H NMR spectra (80 MHz) showeiBaand the product4ain a ca. 45:55 ratio;
polymerization began to interfere after 20 min.vékgheless, the moderately broadened
spectrum ofl4acould be analyzed after 15 h at rt despite theguree of its coproduct
BuBr. *H NMR of 14a(pentane, 80 MHz)d 0.18 (s, MgSi), 5.54 (d2J = 4.0 Hz 3-H trans
to a-aryl), 5.97 (d2J = 4.0 Hz,B-H cis), 6.66 (dJ = 7.5 Hz, 2-/6-H), 7.24 (d) = 7.5 Hz, 3-
/5-H) ppm.

4.4.2. In E40. A dry NMR tube (5 mm) was charged with trddromoalkenel3a (44
mg, 0.17 mmol) in anhydrous X (ca. 0.5 mL), cooled to —78 °C under argon ga®ig
and treated witm-Bu®Li (0.21 mmol) in hexane (0.23 mL). Placed in m&Schlenk tube
that was filled with argon gas and held in a tilpeition (with a ca. 20° angle above
horizontal), the opened NMR tube was cautiouslyceated down to < 0.1 mbar at rt. After
venting with dry argon gas, the NMR tube was coelde its liquid contents were dissolved
in anhydrous ED or THF together with 0.060 mL of [EJcyclohexane.

'H NMR (EO, 400 MHz, 25 °C)J 0.21 (s, ca. 9H, M&i), 5.64 (broadened, 118;H
transto a-aryl), 6.09 (broadened &) = 5.5 Hz, 1HB-H cis), 6.82 (d2J = 7.5 Hz, 2H, 2-/6-
H), 7.23 (d2J = 7.5 Hz, 2H, 3-/5-H) ppm;

'H NMR (THF, 400 MHz, 25 °C)d 0.17 (s, 9H, MgSi), 5.25 (broad d, 1H3-H transto
a-aryl), 5.82 (broadened 8] = 8.0 Hz, 1HB-H cis), 6.71 (d2J = 7.9 Hz, 2H, 2-/6-H), 7.11
(d, 33 = 7.9 Hz, 2H, 3-/5-H) ppm;

13C NMR (E&O, 100.6 MHz, 25 °C)d —0.6 (MeSi), 123.1 (CH-B), 124.2 (C-2/-6),

133.7 (C-3/-5), 159.6 (C-1) ppm, C-4 andxGrot detected, assigned through comparison
with 14ain THF;

13C NMR (THF, 100.6 MHz, 25 °CY —0.5 (qsept:J = 118.5 Hz3J = 2 Hz, MeSi),

117.8 (broadened t) = 145 Hz, CH-B), 123.2 (dd2J = 154 Hz2J = ca. 6 Hz, C-2/-6), 128.1
(quat, C-4), 132.7 (dnt) = 151 Hz2J = ca. 8 Hz, C-3/-5), 164.7 (quat, C-1), 207.1 {gGa
a) ppm, assigned through the C,H coupling constamtiscomparison withe

4.5. a-(4-Chlorophenyl)vinyllithiumX4b)
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The above protocol fat4awas used to generatédbin ELO solution froma-
bromoalkenel3b andn-Bu®Li, followed by evaporation afi-BuBr together with all other
volatiles. The remaining liquitl4b and the accompanying LiBr were dissolved in either
anhydrous EO or THF.

'H NMR (EO, 400 MHz, 25 °C)J 5.69 (broadened ¢, = 5.8 Hz, 1HB-H transto a-
aryl), 6.11 (d2J = 5.8 Hz, 1HB-H cis), 6.86 (d,J = 8.4 Hz, 2H, 2-/6-H), 7.03 (d) = 8.4
Hz, 2H, 3-/5-H) ppm, assigned through comparisah g

'H NMR (THF, 400 MHz, —44 °C)J 5.12 (dJ = 8.0 Hz, 1HB-H transto a-aryl), 5.72
(d,%3 = 8.0 Hz, 1HB-H cis), 6.61 (d2J = 8.4 Hz, 2H, 2-/6-H), 6.86 (dJ = 8.4 Hz, 2H, 3-/5-
H) ppm, assigned as above;

13C NMR (E£O, 100.6 MHz, 25 °C)d 124.3 (broadened) = 146 Hz, CH-B), 126.1
(dd,*J = 158.5 Hz3J = 6.8 Hz, C-2/-6), 128.3 (dd) = 163.0 Hz3J = 4.7 Hz, C-3/-5), 128.5
(quat, C-4), 157.6 (quat, C-1), 199.4 (broady)J3pm, assigned through the C,H coupling
constants (especially those of C-3/-5);

13C NMR (THF, 100.6 MHz, —44 °CY 117.1 (dd, apparefd = ca. 152 and 138 Hz,
CH,-B), 124.0 (broadened) = 10.5 Hz, C-4), 124.5 (sharp dd,= 156 Hz,*J = 6.8 Hz, C-
2/-6), 127.1 (dm}J = 159 Hz, C-3/-5), 163.3 (quat, C-1), 207.4 (bexzat!, Ca) ppm,
assigned as above (especially for C-4) and congravisth 14a

4.6. a-(4-Methylphenyl)vinyllithium1(4c

A stirred solution ofx-bromo-4-methylstyrenel 8¢ 890 mg, 4.51 mmol) in pentane (2.0
mL) was cooled to —78 °C under argon gas covettr@aded witm-Bu°Li (5.4 mmol) in
isopentane (2.1 mL). This Br/Li interchange reatfproceeded smoothly during the first 5
min and was complete within 60 min at rt. Withdetay, the precipitated powder bfcwas
washed with pentane, then dried through evacualbovn to < 0.1 Torr, vented with dry
argon gas, and dissolved in anhydrous THF. AfterNMR studies and later aqueous work-
up of the colored solution, a potentiometric tivatindicated that the sample had contained
0.23 mmol of LiBr (0.13 equiv).

'H NMR (THF, 400 MHz, 25 °C)d 2.18 (s, 3H, 4-C}}, 5.34 (d2J) = 7.5 Hz, 1HB-H
transto a-aryl), 5.85 (d2J = 7.5 Hz, 1HB-H cis), 6.65 (dJ = 8.0 Hz, 2H, 2-/6-H), 6.71 (d,
3 =8.0 Hz, 2H, 3-/5-H) ppm, assigned through corisparwith14a;

13C NMR (THF, 25.2 MHz, —44 °CY 21.1 (q,%J = 126 Hz, 4-CH), 118.4 (dd, apparent
13 =146 and 136 Hz, GB), 124.1 (dd}J = 155 Hz,2J = 4.5 Hz, C-2/-6), 127.7 (broadened
d, X3 = 151 Hz, C-3/-5 with unresolveéd couplings to E; and 5-/3-H), 127.7 (broadened m,
apprent] = ca. 5 Hz, C-4), 160.3 (quat, C-1), 206.2 (gqGaty) ppm, assigned through the

C,H coupling patterns.
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4.7. a-Lithiostyrene {4d)

o-BromostyreneX3d, 150 mg, 0.82 mmol) and cyclopentane (0.10 mL)ewsaced in a
dry NMR tube (5 mm) under argon gas cover, coabee-60 °C, and treated withBu°Li
(0.85 mmol) in cyclopentane (0.94 mL). After upl®h at rt, the colorless precipitateldfd
and some LiBr was washed with dry cyclopentane (33 mL), then cooled to —30 °C and
dissolved in either anhydrous THFteBuOMe. Caution: Dry 14d may decompose
exothermically in contact with only a trace of aifherefore, it shouldot be stored under a
reducedpressure of an inert gas.

'H NMR (THF, 400 MHz, 25 °C, Figure 2by 5.34 (d2J = 7.5 Hz, 1HB-H transto a-
aryl), 5.90 (d2J = 7.5 Hz, 1HPB-H cis), 6.62 (tt,>J = 7.5 Hz, 1H, 4-H), 6.77 (dmJ = 7.5 Hz,
2H, 2-/6-H), 6.94 (t2J = 7.5 Hz, 2H, 3-/5-H) ppm, assigned through HOE®¥felation of
®Li with 2-/6-H andp-H trans,

'H NMR (t-BuOMe, 400 MHz, 25 °C, Figure 2a) 5.70 (d2J = 5.8 Hz, 1HB-H transto
a-aryl), 6.16 (sharp &) = 5.8 Hz, 1Hp-H cis), 6.80 (tt,°J = 7.5 Hz, 1H, 4-H), 6.86 (d) =
7.5 Hz, 2H, 2-/6-H), 7.02 (£) = 7.5 Hz, 2H, 3-/5-H) ppm, assigned as above;

'H NMR (cyclopentane with 2.4 equiv 8BuOMe, 400 MHz, 25 °C)d 5.96 (broad, 1H,
B-H transto a-aryl), 6.19 (broadened &] = 4.8 Hz, 1HB-H cis), 6.63 (broadened d, 2H, 2-
/6-H), 6.80 (t2J = 7.3 Hz, 1H, 4-H), 6.91 (m, 2H, 3-/5-H) ppm, gs&d as above;

'H NMR (THF, 60 MHz, —17 °C) ot4d with HMPA (0.47 M, 3 equiv)d 6.39 (4-H),
6.55 (2-/6-H), 6.75 (3-/5-H) ppm, assigned throsghctral simulation (Figure S&).The
olefinic AB spectum was already in coalescencéiattemperature and magnetic field
strength, showing a very broad resonance centéréd=a5.33 ppm,;

13C NMR (THF, 100.6 MHz, 25 °CY 119.5 (t}J = ca. 144 Hz, CHp), 120.3 (dt}J =
156 Hz,2J = 7.5 Hz, C-4), 123.9 (dt) = 156 Hz2J = 7 Hz, C-2/-6), 127.5 (ddJ = 155 Hz,
3)=7.6 Hz, C-3/-5), 163.1 (ill-resolved m, appar&ht ca. 6 Hz, C-1), 205.6 (obscured t, C-
a) ppm, assigned through the C,H coupling patterns;

3C NMR (-BuOMe, 100.6 MHz, 25 °CY 122.6 (dt}J = 155.8 Hz, C-4), 123.2
(broadened t.J = 146 Hz, CH-B), 124.8 (dt}J = 155.7 Hz3) = 7 Hz, C-2/-6), 128.1 (dnlJ
=156 Hz, C-3/-5), 157.8 (unresolved m, C-1), 198rpad, Ca) ppm, assigned as above;

13C NMR (cyclopentane with 2.4 equiv 8BuOMe, 100.6 MHz, 25 °C) 123.4 (dt}J =
ca. 160 Hz3J = 7 Hz, C-4), 124.9 (dnt) = 158 Hz, C-2/-6), 126.9 (observed at and below —
25 °C, CH-B), 128.9 (ddlJ = 155 Hz,*J = 8 Hz, C-3/-5), 156.7 (unresolved m, C-1), 196.2
(unresolved, Gx) ppm, but Cea at 194.0 ppm/—41 °C, assigned through the C,H loayp

constants.
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4.8. a-[4-(Trimethylsilyl)phenyl]acrylic acid16a)

A solution of thea-bromoalkenel3a (170 mg, 0.67 mmol) in anhydrous,6t(2.5 mL)
was cooled to —65 °C, treated witiBuLi (0.67 mmol) in hexane (0.27 mL), and aftdn &t
—65 °C poured onto solid GO The warmed-up mixture was dissolved igE{40 mL) and
aqueous NaOH (2 M, 15 mL); the,Btlayer was extracted with aqueous NaOH (2 M,16
mL) and set aside. The combined aqueous extraats acidified with conc. HCI and shaken
with Et,O (4% 20 mL). These EO extracts were combined, washed with distilledewé2 x
20 mL), dried over MgS®) filtered, and evaporated to give the crude 46d(39 mg). The
above first EfO layer was washed with distilled water until naljtdried over MgS@
filtered, and concentrated to yield a mixture (6d) mof the “parent” alkené&5a (ca. 45%) and
polymerized material. Analytically pudéawas obtained through recrystallization from
high-boiling petroleum ether (2 and had mp ca. 114 °C.

'H NMR (CDCk, 400 MHz) & 0.27 (s, 9H, MgSi), 6.03 and 6.54 (AB spectral systéth,
= 1.1 Hz, 1 + 1H, % B-H), 7.42 and 7.53 (AA'BB” syster] = 8.2 Hz, 2 + 2H, 2-/3-/5-/6-
H), 10.4 (s, 1H, CeH) ppm;

13C NMR (CDCE, 100.6 MHz) § —1.2 (gsept. = 119.2 Hz3J = 2.1 Hz, MeSi), 127.7
(dd,*J = 159.8 Hz3J = 6.1 Hz, C-2/-6), 129.4 (dd, apparedt= 163.6 and 160.2 Hz, GH
B), 133.2 (ddJ = 158.3 Hz2) = 8.7 Hz, C-3/-5), 136.4 (broad m, C-1), 140.6&r(aw m,
C-a), 140.84 (broad m, C-4), 172.0 (dd= 12.5 and 6.5 Hz, GBl) ppm, assigned through
the C,H coupling constants and comparison withatkenel5g

IR (KBr) v 3300—2800 (broad O-H), 2956, 1700, 1680 (s), 12826, 1077, 843, 827
cm ™. Anal Calcd for GH1605 (220.3): C, 65.41; H, 7.32. Found: C, 65.827127.

Appendix A. Supplementary Data

NMR data of the styrendba-dand the acid6¢ o-bromostyrened3a,bvia 1-aryl-1,1-
dibromoethanes; deuteriataebromostyrenesH)- and ¢)-[[3-D1]14d; dialkyl ketone
adductsS8-S1Q LiBr-free 14d; tabulated primary NMR data (Tables Sla — S7b);
simulations of soméH NMR spectra ofl4d (Table S8); Rate Measurements (Tables S9—
S12).
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Scheme 1 a-Arylalkenyllithiums whose (non)aggregation and ragooation
states had been established in solutibaze,”® 22 3° 4° 5311 5p!2 5¢3
6aandb,® 7t 7b,®® 8% 94 and10-12%°

Scheme 2.Preparation and derivatization of th@rylvinyllithiums 14a-d.

Scheme 3.The rapidly reversible formation of tetrasolvatichers withdraws
fractions of the trisolvated monomerslafa b,ord from their
pseudomonomolecular, ionets/trans stereoinversion process in THF as the solvent.

Scheme 4.Preparation and,E-stereoinversion equilibrium offD1]14d.

Fig. 1. Lithiation 'H (in parentheses) antfC NMR shifts A3 = &(RLi) — 3(RH) of 14a-d.

Fig. 2. 'H NMR spectra (400 MHz, 25 °C) of dimeuelithiostyrene (4d) in rapidly
equilibrating mixtures with its congeners: a) aged with highell4d aggregates (ca. 70%)
in t-BuOMe as the solvent; b) averaged with monombetit(ca. 20%) in THF; x =

benzene.

Fig. 3. Temperature-dependent decadic logarithugieq) of the pseudo-first-order
stereoinversion rate constarkg (s of thea-lithiostyrenesl4a, 14b, and14din THF
(Tables S9-S19): (a)14d: (b)14b; (c)14a (d)14dwith HMPA (2 equiv).

Table 1. Microsolvation numberd, NMR coupling constants 4 [Hz] of CH,-B, and
lithiation shifts Ad = ARLI) — ARH) of thea-arylvinyllithiums 5a, 12, and14a-d in four

solvents.

Table 2. Pseudoactivation parametehs,* (kcal mor* at 0 °C), AH,* (kcal mol™), and
AS* (cal mol™ K™) for thecig/trans diastereotopomerization ratescafrylvinyllithiums 5a,
9,12, 144 14b, and14din THF.
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