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Abstract: 1-Methoxynaphthalene (1) undergoes regioselective lithiation in position 2 (n-BuLi/TMEDA) or
in position 8 (t-BulLi), respectively. The detected formation of a n-BuLi/1 complex (1:1 n-BuLi/1 mixture)
appears to have only minor influence on the regioselectivity (both products are obtained). The exchange
of hydrogen atom H2 by deuterium results in a remarkably reduced reaction rate for the lithiation with
n-BuLi in THF-ds. This isotope effect and the formation of the thermodynamically less favorable 2-lithio
compound suggest a kinetically controlled mechanism. The lack of an isotope effect for the reaction of
8-deuterio-1-methoxynaphthalene with +-BuLi and the formation of the thermodynamically preferred 8-lithiated
product indicate a thermodynamically controlled mechanism. Slow conversion of the 2- into the 8-lithiated
species (at higher temperatures) gives further evidence that n-BulLi and t-BuLi afford the kinetically and

thermodynamically preferred products, respectively.

Introduction

In the 1930’s Gilmahand Witti¢? were the first who observed
the regioselective introduction of lithium into (hetero)substituted
arenes. This was an important step in the development of moder
organic synthesis: electrophilic aromatic substitutions were
possible without getting mixtures of regioisomeric products. Due
to its synthetical power this hydrogen/metal interconversion (als
termed ortho-lithiation), facilitated by substituents with free
electron pairs, was investigated intensivélhe magnitude of

changes were mainly achieved by addition of chelating ligands
such as\,N,N',N"",N"-pentamethyldiethylenetriamine (PMDTA)
or hexamethylphosphoric triamide (HMPA) to the metalation

N
nagents5.

Another interesting regioselective reaction is the lithiation
of 1-methoxynaphthalen&)( Treatment ofl. with n-butyllithium

o (n-BuLli) in hydrocarbon solvents and subsequent quench with

CO; is reported to release a mixture of 1-methoxy-2-naphthoic
acid 2b) and 1-methoxy-8-naphthoic aci@k).8~1 The ratio

this effect depends on the nature of the substituent and decrease® the product composition depends on the reaction conditions:

in the ordef CONE% > CH,NMe, > OCH; > F. An interesting
aspect arises for the regioselective metalation of arenes carryin
two different directing metalation groups (DMGSs). In this
context Schlossef et al. as well as Meyefseported “optional
site selectivity” in metalation. They were able to change the
position of the ortho-lithiation of para-substituted benzenes from
the “stronger” DMGs to the weaker directing group. These
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in diethyl ether/hexane 73%b and 27%3b, respectively, are

gobtained (overall yield 28%): The regiochemistry of this

reaction can be controlled very effectively. Thus, the reaction
of 1 with n-BuLi and 1 equiv of TMEDA results in more than
99% 2-lithiation (yield 60%). However, investigations by
Mannschreck et al? Schlosser et &dF and our group revealed

a distinctly smaller regioselectivity (8:1 to 9:1 for lithiation with
n-BuLi/TMEDA), questioning the excellent selectivity reported
by Shirley. Treatment of with tert-butyllithium yields more
than 98% of the species lithiated in position 8{B5% yield}*
(Scheme 1).

Results and Discussion

1H NMR spectra of 1-methoxynaphthalene and anisole show
significant changes whemBuLi is added to their solutions in
hexan€'%14 Such shifts are attributed to the formation of an
aryl etherh-BuLi complex.'H NMR measurements of a 1:1
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Figure 1. 'H NMR (tolueneds, —65 °C) spectra of (a; top row) 3.20 r————7—————7——+—
1-methoxynaphthalend); (b) 1 + 0.85 equiv ofn-BulLi, (¢) 1 + 1 equiv 0.0 0.6 1.2 1.8 24 30

of n-BuLi, (d) 1 + 2 equiv of n-BuLi. Only the signals of 1-methoxy-

hthal duced.
naphihalene are reproduce Concentration 1-methoxynaphthalene ([mol/t)

Scheme 1 Figure 2. Chemical shifts of the methoxy hydrogen resonances of
1. n-Buli/ OCH;, 1-methoxynaphthalend) due to (a) addition ofi-, sec; andt-BuLi (0.8—
TMEDA R 1.2 M solutions ofl in tolueneds, at —65 °C) and (b) the variation of the
- OO concentration ofl (tolueneds at —65 °C). The rectangle in b) represents
OCH; 2. elektrophile _ the range of the concentrations employed for the samples in a).
2a,b,c,d R=a)li
OO I 3 332” addition ofn-BuLi. This concentration dependence suggests the
. R OCHs d)D 3 existence of an equilibrium between the educt8(Li and 1)
1 [ 1. tert-Buli QO and the detectet/n-BuLi complex. Since the concentration of
2. elektrophile 1 varied in the differeni/n-BuLi samples, concentration effects
3a.b cd might be attributed for these shiff¥ However, as shown in

Figure 2b, variation of the concentration of purdas only a
mixture of anisolei-BuLi (tolueneds, —64 °C)'5 show a _negligit_)Ie influen_ce on ?he OG4themical shift. Tr_u_erefore,_the
significant downfield shift for the methoxy-hydrogen and ncreasing doyvnfleld shift must be dye to the addlt!omﬁuLl.
o-hydrogen atoms whereas the meta- and para-proton resonances Further evidence for complexation can be gained from the
undergo an upfield shift. aggregation level ofn-B_uLl. In principle, the aggregation

Addition of 1 equiv ofn-butyllithium to a 0.8 M solution of ?un;t;e_r can be determined by NMR spectroscopy from the
1in tolueneds at —65 °C generates analogous shifts for the CHLi coupling constants and/or the multiplicity of the
resonances. The signals of the methoxy protons and H2 ared-carbon signat®Z However, no resolved line splitting is
shifted downfield by 0.05 and 0.11 ppm, respectively (Figure Observable fora 1:1/n-BuLi mixture even at low temperature.

1). These downfield shifts appear to be typical for organolithium AS IS summarized in Table 1 tH&C chemical shifts of dimeric,
compounds (e.g. phenyllithiuf§,mesityllithium17 and 1-naph- tetrameric, and hexameneBulLi d|ff_er significantly and may _
thyllithium?8). Note, however, that the aromatic ring is not yet thus also be employed to charqcterlze the degree of aggregation.
lithiated under the above conditions. The remaining signals are The *C spectrum of the 1:1 mixture dfn-BuLi in tolueneds
shifted upfield only slightly, except for H8 with a significant &t 65 °C shows two different sets 6fC resonances for the

0.08 ppm upfield shift. These results are compatible with the Putyl carbon atoms (Figure 3). Comparison of these experi-
formation of al/n-BuLi complex where the oxygen is coordi- mental data with the values from the literature indicates the

nated to the lithium atoms. existence of a hexameric and a tetrameric species (Table 1).
As is shown in Figure 1 and Figure 2a the chemical shift of The intensities of the signals (Figure 3) show that the

the OCH-hydrogen atoms increases continuously upon the tetrameric aggregate is dominating. Thus, 1-methoxynaphthalene
(1) must partly disrupt th@-BuLi aggregate (which is known

(15) Bauer, W.; Schleyer, P. v. R. Am. Chem. S0d.989 111, 7191.

(16) Bauer, W.; Schleyer, P. v. R. Unpublished results. (19) Fraenkel, G.; Hsu, H.; Su, B. M. Lithium. Current Applications in Science,
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Table 1. 13C NMR Chemical Shifts of n-BuLi, Free and as a 1:1 Scheme 2
n-BuLi/1-Methoxynaphthalene Mixture (6, ppm) OMe
. . . Y o
-BuL 1:1 n-BuLi/1 mixt
n-BuLi n-BuLi/L mixture NN
C hexamer® tetramer® dimer® hexamer tetramer 8 B
o 12.0 10.5 12.8 11.6 9.5 1
s 31.9 33.9 35.8 32.0 33.1
y 32.1 35.4 37.3 32.2 33.2 Ar= OO
o 145 14.7 14.9 14.3 14.5 /Mir
solvent toluenads THF-dg THF-dg toluenedg tolueneds A—O0 Me _
temp°C  —64 —96  -96  —65 —65 £y 1% o R= N7
—F—
wang
s I R-‘—Li\o/
\| | c83.c5.C8C7.Co.s W,
e
a) Me—0~
\ 4

C1Q C8 Ar
C\1 ; 11 + TMEDA

e o
g Cc2
/ a
l OMe MezN\L..\\NMeZ
‘|||[|II|IIIIlll'llllllll]l"llll }
140 120 100 80 60 40 20 PPM +_/_<Li>“/‘
! 2

peaks betweerfLi and the methoxy, the H2, and the H8
resonances. This confirms the short distances betfideand
these hydrogen atoms and thus confirms the formation of a
1n-BuLi complex.

Despite this complexation (and the correlated proximity of
the reaction centers) no facile metalation of 1-methoxynaph-
thalene is observed. In toluerg-at —65 °C the 1:1 mixture of
1/n-BuLi undergoes no NMR-detectable reaction. Even when
stored at room temperature for several hours no formation of

30 25 20 15 10 PPM 2a nor 3awas observed.
Figure 3. 13C spectrum (toluends, —65 °C) of 1-methoxynaphthalent Addition of 1 equiv of TMEDA to the equimolat/n-BuLi

1 equiv ofn-BuLi: (a) the full region and (b) the zoomed region between . . . . .
5 and 45 ppm (s= solvent signal, h= hexamer, t= tetramer). Note that ~ MiXture leads to entirely different results. Théchemical shifts

in spectrum a) only one set of signals for 1-methoxynaphthalene is Of 1-methoxynaphthalend)((tolueneds, —65 °C) are compa-
observable. rable to those of 1-methoxynaphthalen® (vithout added
n-BuLi. Similar to earlier observations on anisdfeTMEDA

to be hexameric in hydrocarbon solveéfiido give a tetramer  has replaced as the complexing agent teBuLi and therefore

(4), peripherally solvated by 1-methoxynaphthaleheScheme 1 is now liberated. ThéLi,'H-HOESY spectrum again shows

2). the expected cross-peaks betwéeirand the!H resonances of
The existence of two sets 6fC signals shows that the the butyl group; however, rfbi interactions with théH signals

intermolecular exchange of the butyl group (between two of 1 are detectable. Insteafd,i,'H cross-peaks to the TMEDA

different aggregates) is slow on the NMR time scale. By protons arise. This clearly demonstrates that 1-methoxynaph-

TTrrrryyrrrrerrerrrrrprrreprrrT

contrast, 1-methoxynaphthaler (in the 1:1 mixture ofl/n- thalene is now separated from timeBulLi moiety, whereas
BuLi) shows only one set of*C signals, indicating fast TMEDA is now ligated ton-BuLi. The 13C signals ofl in a
intermolecular exchange between fréeand the 1/n-Buli 1:1:1 mixture ofl with n-BuLi and TMEDA are identical with
complex (Figure 3). those of1 without addedn-BuLi. This also demonstrates the

The close proximity of some protons to the lithium cation “free” character ofl. The 13C resonances of the butyl group
can also be shown bSLi,*H two-dimensional heteronuclear are compatible with the numbers of dimemeBuLi. Thus,
Overhauser effect spectroscopy (HOES%33 The HOESY addition of TMEDA causes deaggregation of th&-BulLi
spectrum of an equimolal/n-BuLi (n-BuLi is enriched with complex and leads to the formation of the dimeric TMEBA/
96% Li) mixture shows, apart from the expected cross-peaks BuLi aggregate), which is intensively investigated and well-
betweenSLi and theH n-butyl resonances, additional cross- described in the literatur§:19.20.24

(21) Lewis, H. C.; Brown, T. LJ. Am. Chem. S0d.97Q 92, 4664. (24) (a) McGarrity, J. F.; Ogle, C. Al. Am. Chem. S0d.985 107, 1805. (b)

(22) Bauer, W.; Mler, G.; Pi, R.; Schleyer, P. v. RAngew. Chem1986 98, Baumann, W.; Oprunenko, Y.; @ther, H.Z. Naturforsch. A1995 50,
1130;Angew. Chem., Int. Ed. Engl986 25, 1103. 429. (c) Crassous, G.; Abadie, M.; S¢h&eEur. Polym J.1979 15, 747.

(23) Bauer, W. InLithium Chemistry: A Theoretical and Experimental (d) Sda J. M.; Martorell, G.; Frontera, AJ. Org. Chem1996 61, 5194.
Overview; Sapse, A.-M., Schleyer, P. v. R., Eds.; John Wiley & Sons: (e) Waldnitier, D.; Kotsatos, B. J.; Nicholas, M. A.; Williard, P. G.
New York, 1995; p 125. Am. Chem. Sod 997, 119 5479.
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When compared to th&n-BuLi mixture, the addition of 1
equiv of TMEDA enhances the reactivity ofBuLi drastically.
1-Methoxynaphthalend) is metalated by TMEDA4-BuLi even
at temperatures below TC. Similar to the ortho-lithiation of
anisole this process must involve a reactive intermediate that is 8b 9b
nondetectable by NMR. For this reactiomduLi dimer with (AHP = -47.77 keal/mol) (AHP = 42,75 keal/mol)
only one TMEDA ligand 6) as the reactive species has been rigure 4. ORTEP-derived drawings of PM3 calculations on the reaction
suggested (Chart 2§.Within this compound one lithium atom  of 1-methoxynaphthalene with{BuLi/TMEDA).. 8aand9arepresent the

has two free coordinating sites, allowing coordination of the ground states argb and9b the transition states for the hydrogen abstraction
. (one negative frequency in the vibrational calculations). The numbers in

a_tryl ether by Li-O and by agostic LH _interaCtionS’ r€SPEC-  prackets represent the calculated heat of formation. For clarity, most of the
tively. Collum et al?® proposed, according to their NMR rate  hydrogen atoms and the methyl groups of the TMEDA ligand are omitted.

studies, am-BuLi/TMEDA dimer as the effective metalating

agent for the lithiation of anisole. On the basis of the importance energy difference is in agreement with the experimental results,
of precomplexation Collum suggests the open dimes the since the actual reaction df with n-BuLi in hydrocarbon
active species (Chart 2). PM3 calculations on the mixed solvents gives a 3:1 mixture of 2- and 8-lithiated proddct.

1-methoxynaphthalengtomplexes8aand9a (Figure 4) which Calorimetric measuremerfsand PM3 calculations for the
mainly differ in the orientation of toward7 reveal only a small metalated compound®a and 3a, respectively, show that
difference in the heat of formation. Compl&a (AH{° = —61.3 metalation in position 8 is thermodynamically favorable. This

kcal/mol), where the-BuLi/TMEDA dimer is directed toward is probably due to better lithiumoxygen interactions irBa
hydrogen H2, is about 0.5 kcal energetically more favorable (shorter Li-O distance according to the PM3 calculations), and
than complex9a (AH{® = —60.8 kcal/mol, orientation of a less distorted geometry of the 1-methoxynaphthalene skeleton
toward hydrogen atom H8). Pronounced differences in the heat(Figure 6). The exclusive formation of the energetically minor
of formation occur for the transition states of the hydrogen stable productqa) via an energetically preferred (PM3 calcula-
abstraction §b and9b, respectively, Figure 4). Here, the heat tions) transition stateBb suggests a kinetically controlled

of formation for8b (AH{® = —47.8 kcal/mol) is about 5 kcal/  mechanism for the lithiation of with n-BulLi in the presence

mol lower than that foBb (AHL = —42,7 kcal/mol). Consider- ~ of TMEDA. Attempts to determine the actual state of aggrega-
ing the different ground-state energiesBafand9a, respectively, tion of the lithiated product2g, 3a) in toluenees failed. Even

the activation energy for the lithiation in the ortho-position turns upon cooling to—95 °C the3C spectra show no line splitting
out to be 4.5 kcal/mol lower. PM3 calculations on the lithiation of the lithiated carbon atom signal. Even at low temperatures
of 1 with the (-BuLi),/TMEDA complex 6 (Figure 5) gave the inter- and/or intramoluecular exchange processes are too
similar results. Although the energy differences within the fast to give resolved signals.

ground stateslDaand11a) and the transition stated@b and NMR investigations on the metalation of 1-methoxynaph-
11b), respectively, are more pronounced, the difference in the thalene with 1 equiv of-BuLi in tolueneds at —65 °C showed
activation energy of 4.3 kcal/mol is in the same range as that no evidence for the formation of Ht-BuLi complex. The'H

in the upper case (Figure 4). Again, abstraction of the hydrogenand *3C spectra of 1-methoxynaphthalene are essentially un-
atom H2 turns out to be energetically favorable. According to changed when 1 equiv d¢fBuLi is added (see also Figure 2,
these calculations, the pronounced regioselectivity of the lithia- no change in the chemical shift of H11 due to addition of
tion with n-BuLi/TMEDA seems to be &inetically driven t-BuLi). The 13C signals of theert-butyl group show the line
process Similar PM3 calculations on the lithiation df with splitting of a static tetramer'{C—"Li coupling); there is no
monomeric n-BuLi (without TMEDA) reveal only a small change due to the addition df In the’Li,*H-HOESY spectrum,
difference (0.9 kcal/mol) for the activation energies (lithiation no cross-peaks betweéhi and the!H resonances of 1-meth-

in the ortho-position again is energetically favorable). This small

(26) Klumpp, G. W.; Sinnige, M. Jletrahedron Lett1986 27, 20, 2247. The
protonation of 8-lithio-1-methoxynaphthalene (1425 kJ/mol) is 8 kJ/
(25) Rennels, R. A.; Maliakal, A. J.; Collum, D. B. Am. Chem. S0d.998 mol less exothermic than the protonation of the corresponding 2-lithio

120, 421. compound (15Gt 4 kJ/mol)
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Figure 7. ORTEP drawings of the crystal structure of dimeric 1-methoxy-

11a 8-naphthyllithiumTHF (3a-THF),. Hydrogen atoms are omitted.

10a

room temperature}-BuLi undergoes fast intramolecular ex-
change (fluxional exchangé).During these rearrangements
coordination ofl to free coordination sites of lithium atoms
appears to be possible. We presume a mechanism via a mixed
t-BuLi/1-methoxynaphthalene complex with low stationary
concentration nondetectable by NMR. The formation of the
thermodynamically preferred product and the longer reaction
times! compared to the reaction df with n-BuLi/TMEDA
suggest a thermodynamically controlled mechanism for the
metalation ofl with t-BuLi. A first series of PM3 calculations

on the abstraction of the hydrogen atom (ofttamd peri-
position, respectively) with monomeri¢BuLi revealed a
kinetically facilitated metalation in the ortho-position. These
Figure 5. ORTEP-derived drawings of PM3 calculations on the reaction theorgtlcal results are in contrast Wlth the experimental observa-
of 1-methoxynaphthalene witm{BuLi)»/TMEDA (6). 10a (lithium coor- tions (in hydrocarbon solventsBuLi metalates 1-methoxynaph-
dination via H2) and.1a(lithium coordination via H8) represent the ground ~ thalene exclusively in the peri-position). As mentioned above,
states andOb and11bthe transition states for the hydrogen atom abstraction t-BulLi is tetrameric in hydrocarbon solvents, thus a reaction

(one negative frequency in the vibrational caIct_JIatlons). The numbers in mechanism via monomerieBuLi is unlikely. Therefore we
brackets represent the calculated heat of formation. For clarity, most of the

hydrogen atoms and the methyl groups of the TMEDA ligand are omitted. €Mployed dimeri¢-BuLi as model for higher aggregate@ulLi
(PM3 calculations with higher aggregat8uLi were unfortu-

nately not successful). PM3 calculations with dimerBulLi
actually show a reversed reactivitpow abstraction of the
hydrogen atom H8 is favorable. This effect (reversed reactivity
while going from monomeric to dimeric butyllithium) could
exclusively be observed withBuLi. Comparable calculations
with dimericn- or seecBuLi (see below) show no change in the
site selectivity, here the activation energy remains favorable for
lithiation in the ortho-position. Although we predict a thermo-
dynamically controlled mechanism for the lithiation bivith
t-Buli, these calculations indicate at least a reduced reactivity
for lithiation in the ortho-position.

Recently we were able to obtain crystals of 8-lithio-1-
oxynaphthalene are detectable. Each of the feenttbutyl groups methoxynaphthalen&4) from THF solution. The single-crystal
of the t-BuLi tetramer {-BuLi is known to be tetrameric in  diffraction reveals a centrosymmetrical dimeric structure sol-
hydrocarbon solvent§29) is bonded to three lithium atoms of  vated by two THF molecules3& THF), (Figure 7)3 Unfor-
the lithium tetrahedron (four center two electron bond). This tunately, solvent free crystals were not accessible. This is
sterically demanding arrangement of the butést-butyl groups probably due to the strong stabilization of tetracoordinated
probably prevents the approach and, therewith, the coordinationlithium cations in the solid state. Solvent free monomeric,
of 1-methoxynaphthalend), Note that at-65 °C, where the dimeric, or trimeric aggregates would possess only doubly or
NMR measurements were performed, no reaction is detectable triply coordinated lithium atoms. The formation of a tetrameric
At temperatures where lithiation in position 8 takes place (e.g. species oBa (with a tetracoordinated lithium atom) is not likely
due to the steric hindrance. The structure consists of two

10b 11b
(AH? = -33.03 kcal/mol) (AH? = -26.59 kcal/mol)

2a 3a
(AH? = 37.04 kcal/mol) (AH? = 33.09 kcal/mol)

Figure 6. ORTEP-derived drawings of PM3 calculations on 1-methoxy-
2-naphthyllithium ga) and 1-methoxy-8-naphthyllithiun34).

@7 §?,>7_S(°t‘,’)v\?v'gi‘r’,2,,“”g_f<\',’gg;i’ 2;;Yv-v;e§{{'g?; X'mc_gz:ﬁg,%r_dgggg&lféﬁ_ approximately planar parallel naphthyl backbones. The anionic
(201)43ywater, S.; Lachance, P.; Worsfold, D.JJ.Phys. Chem1975 79, carbon atoms (C8 and G&espectively) are attached to two
(28) (a) Bartlett, P. D.; Goebel, C. V.; Weber, W.P.Am. Chem. Sod.969 lithium atoms (Lil1 and Li1, respectively). The C8Li distance
91, 7425. (b) Hartwell, G. E.; Brown, T. L1. Chem. Socl966 88, 4625. (2.162 A) is about 7 pm shorter than the corresponding-C8

(c) Bauer, W.; Seebach, Belv. Chim. Actal984 67, 1972.
(29) Thomas, R. D.; Clarke, M. T.; Jensen, R. M.; Young, TO@janometallics
1986 5, 1851. (30) Betz, J.; Hampel, F.; Bauer, V@rg. Lett.200Q 2, 3805.
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12a 13a

12b

13b
(AH? = 10.65 kcal/mol) (AH® = 13.63 kcal/mol)

Figure 8. ORTEP-derived drawings of PM3 calculations on the reaction
of 1-methoxynaphthalene wisecBuLi. 12a(lithium coordination via H2)
and13a (lithium coordination via H8) represent the ground states Htal
and13bthe transition states for the hydrogen atom abstraction (one negative

Molar ratio of 2-lithio-
1-methoxynaphthalene

0

32 64 96 128 160 192 224

Reaction time [min]

Figure 9. Time dependence of the formation of 2-lithio-1-methoxynaph-
thalene by the reaction of 1-methoxynaphthalene (solid curve) and 2-deu-
terio-1-methoxynaphthalene (dotted curve) with 1 equim-8uLi/TMEDA
(toluenedg, 5 °C).

state energies into account, that the activation energy for
lithiation in position 2 is 2.6 kcal/mol lower. This is in agreement

frequency in the vibrational calculations). The numbers in brackets representwith the experimental observations that lithiation in the ortho-

the calculated heat of formation. For clarity, most of the hydrogen atoms
and the methyl groups of the TMEDA ligand are omitted.

Li’ distance (2.232 A). Furthermore, Lil is connected to the
oxygen atom O1 and is incorporated in a five-membered ring
(C8—C9—-C1—-01-Lil) that is approximately coplanar with the

position is preferred (the reaction of 1-methoxynaphthalene with
1 equiv of secBuLi yields a 3:1 mixture of 2-methyl-1-
methoxynaphthalen&¢) and 8-methyl-1-methoxynaphthalene
(30)).

The reaction of 1-methoxynaphthalerig (ith secBuLi in

connected naphthyl plane. These spatial arrangements give théwydrocarbon solvents and subsequent quench with iodomethane

impression of strong developed monomeric subunits which form
the dimeric structure. Th&C spectrum of a solution of3@:
THF), in THF-dg at —100 °C shows a septet for the lithiated
carbon atom C810(13C/Li) = 19.3 Hz). Since commercial
t-BuLi was employed this line-splitting pattern arises fréid—

“Li coupling and indicates the existence of a dimeric aggregate
of 3ain solution.

NMR investigations on the reaction of 1-methoxynaphthalene
(2) with seecBuLi mostly show the same results as the reaction
of 1-methoxynaphthalend)with n-BuLi. The addition ofsec
BuLi to a 1-methoxynaphthalené)(solution in toluenedg at

—65 °C generates a shift of the hydrogen atom resonances,

indicating the formation of @ecBuLi/1 complex. As outlined
for the addition ofn-BuLi, the H2 and H11 resonances are
shifted downfield whereas H8 is shifted upfield. When compared
to the addition ofn-BuLi these shifts are distinctly smaller.
Again, the shifts of the remaining hydrogen signals are
negligibly small. ThefLi,’H-HOESY spectrum of a 1:%ec
BuLi/1 mixture (the secBulLi is lithium-6 enriched) shows
cross-peaks betweeflLi and the hydrogen atoms of the
1-methoxynaphthalene, confirming the existence s¢@BuLi/1
complex. As shown in Figure 2 theél OCH; resonances of the
1-methoxynphthalene continuously change due to the addition
of seeBuLi. This indicates the existence of an equilibrium
between the eductd @ndsecBuLi) and the detected complex.
PM3 calculations on the lithiation of 1-methoxynaphthalene with
secBuLi show a local minimum in the heat of formation for a
seeBuLi/1 complex with Li-H2 interactionsl2a (AH® = 2.5
kcal/mol) and a second local minimum for a complex with-Li
H8 interactionsl3a(AH° = 2.8 kcal/mol) (Figure 8). Calcula-

tions on the abstraction of the respective hydrogen atom revealed

an energetically favorable transition state for lithiation in ortho-
position 12b (AH{ = 10.7 kcal/mol, for transition stat&3b
AH{L = 13.6 kcal/mol). This means, taking the different ground-

8704 J. AM. CHEM. SOC. = VOL. 124, NO. 29, 2002

yields a mixture of 2-methyl-1-methoxynaphthale2e) (and
the corresponding 8-methyl-1-methoxynaphthale3® (60—
64% 2c and 36-40% 3c, overall yield 5-10%). Addition of 1
equiv of TMEDA to a 1:1 mixture of 1-methoxynaphthalene
andsecBuLi leads, compared to theBuLi reaction, to a minor
enhanced formation of the 2-lithiated product; however, the
overall yield increases significantly (782 and 22%3c, overall
yield 85%).

To gain a more pronounced understanding of the reaction
mechanism we replaced the “reactive” hydrogen atom (H2 for
the reaction witm-BuLi/TMEDA and H8 for the reaction with
t-BuLi) by deuterium. This revealed insight into the kinetics of
the hydrogen atom abstraction. A seriestdfNMR spectra of
a 1:1:1n-BuLi/TMEDA/ 1 mixture (tolueneds, 5 °C) showed a
logarithmic dependence of the product formation against time.
The formation of 2-lithio-1-methoxynaphthalen®a] was
determined by the ratio of integrals of the 1-methoxynaphthalene
(1) and2a OCH; signals, respectively. A reaction temperature
of 5 °C was selected to slow the reaction as compared to the
preparative conditions (room temperature). A second series of
IH spectra of an equimolan-BuLi/TMEDA/2-deuterio-1-
methoxynaphthalene mixture (comparable concentration as in
the first case, toluends, 5 °C) shows likewise a logarithmic
dependence of the product formation. In contrast to the
undeuterated case, the reaction rate is decreased dramatically
(Figure 9). The number of the isotope effelt/kp) of 15+ 3,
when compared with the isotope effect of aniség{p ~ 7)1
and benzenek(i/kp = 2.0—4.5)32 is quite high but values up
to 30 and higher are reported in the literatéfélthough the
lithiation in position 2 is retarded, no noticeable competing

(31) Shirley, D. A.; Hendrix, J. PJ. Organomet. Chenl968 17, 217.

(32) Bryce-Smith, D.; Gold, V.; Satchell, D. P. N. Chem. Socl954 2743.

(33) Anderson, D. A,; Faibish, N. C.; Beak, . Am. Chem. Sod.999 121,
7553.
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Figure 10. Reaction of a 1-methoxynaphthalene/8-deuterio-1-methoxy-
naphthalene mixture withBulLi (tolueneds, room temperature). The molar

mixture. The predominant formation of the thermodynamically
less favorable 2-lithio-1-methoxynaphthaleBe)(via, according

to PM3 calculations, energetically favorable transition states
strongly suggests a kinetically controlled mechanism. The
preferred regiospecific formation &a when the butyllithium

is activated either due to addition of TMEDA or by using
THF as solvent (both decrease the state of aggregation of
n-BuLil518-20.24.39 confirms the kinetic aspect of the mecha-
nism. For a 1:1 mixture of with t-BuLi no evidence for com-
plexation can be gained. Along with the lack of an isotope effect
precomplexation is the rate-determining step in the reaction of
1 with t-BuLi. The slow formation of the thermodynamic
product and especially the conversion of 2-lithio-1-methoxy-
naphthalene 2a) into 8-lithio-1-methoxynaphthalene3g) at
higher temperatures confirm the suggested thermodynamically

ratio of 1-methoxynaphthalene/8-deuterio-1-methoxynaphthalene remainscontrolled mechanism for this reaction.

constant over a long period.

formation of 8-lithio-1-methoxynaphthalene is observable under

these conditions. However, at higher temperature25(°C)
some lithiation in position 8 is observed as well.

For the lithiation in position 8 we studied the reaction of
t-BuLi with a mixture of 8-deuterio-1-methoxynaphthalene and

Experimental Section

All one- and two-dimensional NMR measurements were recorded
on a JEOL GX400 spectrometer (100.6 MHz #8€, 58.8 MHz for
8Li, and 155.5 MHz for'Li). *H and*3C spectra were referenced to the
solvent signals:d 6.98 (H, ortho hydrogen atom) and 20.4 (3C,
methyl carbon) for toluends andé 3.57 (H, —CDH—O0) for THF-s.

nondeuterated material, whereupon the ratio of deuterated and - A|| manipulations involving lithioorganic compounds were carried
nondeuterated material remains nearly constant during theout in flame-dried glassware. Al solvents and reagents (Aldrich or

reaction (Figure 10). This means there is no discrimination

Fluka) were distilled (TMEDA from calcium hydride) or used without

between deuterated and nondeuterated material. These +esults further purification (THFég and tolueneds are dried and stored over

pronounced isotope effect for the reaction witBuLi/TMEDA

and lack of an isotope effect withBuLi—may be interpreted

in the following way: in the case ofBuLi or n-BuLi/TMEDA,

the “docking” of 1-methoxynaphthalene to the lithium site is a
facile process with low activation energy. The rate-determining

step is the removal of H2 or H8 by the base, hence the observe

isotope effect and &inetically controlled mechanismBy
contrast, “docking” of 1-methoxynaphthaleneg-#BuLi (tetramer

Na/Pb-alloy).

Typical Sample Preparation for the NMR Observations.1-Meth-
oxynaphthalenel( 0.10 mL, 0.60 mmol) is introduced into a 5-mm
NMR tube fitted with a serum cap. The corresponding amount of the
butyllithium agent is added and the solvent is removed in vacuo. The

dsample is cooled to-78 °C, and 0.70 mL of toluends (and, if

necessary, 0.10 mL TMEDA) is added. Samples foftigH HOESY
spectra ofl/n-BuLi mixtures are prepared the same way, however, with
SLi-enriched n-BuLi. The preparation oh-BuLi in hexane was as

or lower aggregated) is a high activation energy process due todescribed?® For the concentration dependence measurement of pure

steric reasons. This is the rate-determining step. Once “docked”

removal of H2 or H8 is a facile process much lower in energy.

,1-methoxynaphthalene a starting sample of 0.05 mll of 0.70 mL

of tolueneds is prepared. After the measurement is completed additional

The activation energy difference between a protonated and al-methoxynaphthalene is added stepwise to this solution.

deuterated site is negligible as compared to the “docking”
activation energy. Hence, an isotope effé&gtkp of ca. 1 is

2-Lithio-1-methoxynaphthalene (2a).1-Methoxynaphthalene (0.10
mL, 0.70 mmol) is placed in an NMR tube and 0.35 mLrmeBuLi

observed. Moreover, it is reasonable to assume that there is rapid2:02 M in hexane) is added. The solvent is removed in vacuo and

exchange between lithium at the 2 and the 8 positions at the

“docked” state in the case ¢BuLi, catalyzed by the base and

leading to the preference of the thermodynamically more stable

8-lithiated species. Hence, we are dealing with an overall
thermodynamically controlled mechanism

The energetic preference of the 8-lithio speci8a) (over
2-lithio-1-methoxynaphthalen8) may be demonstrated by a

rearrangement reaction: a sample of 2-lithio-1-methoxynaph-

thalene Ra), prepared froml with n-BuLi in THF-dg, shows

0.70 mL of THF4gg is added. After ca2 h atroom temperature the
metalation is complete (yield 92%; integratiéid spectrum).

IH NMR (400 MHz, THFds, +32°C): 6 4.05 (s, 3H, OMe), 7.24
(dd,3) = 7.3 Hz,3J = 8.5 Hz, 1H, H6), 7.33 (d®J = 8.2 Hz,3) =
8.5 Hz, 1H, H7), 7.39 (¥ = 7.3 Hz, 1H, H4), 7.73 (d8J = 8.0 Hz,
1H, H5), 8.08 (d3J = 8.2 Hz, 1H, H8), 8.12 (8 = 7.3 Hz, 1H, H3).
13C NMR (100 MHz, THF€s, +32 °C): 6 58.1 (OMe), 119.3 (C4),
120.1 (C8), 121.6 (C6), 122.3 (C7), 124.0 (C9), 126.3 (C5), 133.7
(C10), 141.0 (C3), 163(C1/C2).

8-Lithio-1-methoxynaphthalene (3a).1-Methoxynaphthalene (2.00

changes of its composition upon heating. Besides formation of mL, 14.0 mmol) is introduced into a Schlenk flask and 10.0 mL of dry

1-methoxynaphthalene, additional signals for 8-lithio-1-meth-
oxynaphthalene3@) arise.

Conclusions

The one-dimensionaH and!3C spectra as well as the two-
dimensional®Li,!H-HOESY spectra of an-BuLi/1 mixture
indicate the existence of an equilibrium between freBulLi
and 1-methoxynaphthalene coordinatedBuLi whereas no
complexation ofl is detectable when TMEDA is added to this

hexane and 9.30 mL dfBuLi (1.5 M solution in cyclohexane) are
added. The solution is stirred for 35 h at room temperature and the
precipitate is filtered off. The filtration residue is washed with dry
hexane and dried in vacuo (yield 1.2 g; 52%).

H NMR (400 MHz, THF4ds, +32°C): ¢ 3.85 (s, 3H, OMe), 6.68
(d,% = 7.6 Hz, 1H, H2), 7.12 (dd, 1H, H3), 7.18 (dd, 1H, H6), 7.27
(d,3 = 8.1 Hz, 1H, H4), 7.35 (8 = 7.7 Hz, 1H, H5), 8.15 () =
5.8 Hz, 1H, H7).13%C NMR (100 MHz, THFds, +32 °C): ¢ 55.2

(34) Heinzer, J.; Oth, J. F. M.; Seebach,JDHel. Chim. Actal985 68, 1848.
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(OMe), 101.4 (C2), 122.8 (C4), 122.9 (C5), 123.2 (C3), 125.1 (C6), 8-Methyl-1-methoxynaphthalene (2c)*H NMR (400 MHz, CDCH,
134.4 (C10), 139.1 (C7), 139.6 (C9), 161.0 (C1), 185.2 (C8). +32°C): § =2.88 (s, 3H, Me), 3.91 (s, 3H, OMe), 6.79 @d,= 7.5
Isomerization of 2-Lithio-1-methoxynaphthalene.1-Methoxynaph- Hz, 1H, H2), 7.17 (d3J = 7.1 Hz, 1H, H7), 7.29 (dd, 1H, H6), 7.32
thalene (0.10 mL, 0.60 mmol) is introducedard 5 mm NMRtube (dd, 1H, H3), 7.38 (d3J = 8.1 Hz, H4), 7.60 (d3J = 8.2 Hz, 1H,
fitted with a serum cap and 0.25 mL ofBuLi (2.5 M solution in H5).
hexane) is added. The solvent is removed in vacuo and the residue is  »_peyterio-1-methoxynaphthalene (2d).1-Methoxynaphthalene
dissolved in 0.70 mL of THFk and ca. 0.02 mL of cyclohexane as an (3 0o mL, 6.70 mmol) is introduced into a Schlenk flask and 10.0 mL
internal standard. Afte3 h atroom temperature (metalation in the ortho- ¢ dry hexane, 3.80 mL of-BuLi (1.6 M solution in hexane), and 1
position) the temperature is raised to 8D and a series dH spectra mL of TMEDA are added. The solution is stirredrf8 h atroom

are recorded over a period of 3 days. temperature and quenched with an excess ofQIH After 10.0 mL
1—Methoxy—_2—r_1aphth0|c A_C'd (2b). 1-Methoxynaphthalene (1.44 ¢ pine s added, the aqueous phase is separated and washed with two
mL, 1 mmol) is introduced into a Schlenk flask and 10.0 mL of dry 14 5 131 portions of hexane. The combined organic phases are washed
hexane, 4.60 mL o#-BuLi (1.3 M solutlor_1 n (_:yclo_hexane), and 1.00 with 10.0 mL of brine and dried over MgSOThe solvent is removed
mL of TMEDA are added. The SOIUUOO Is stide2 h at room and the residue is dried in vacuo. This raw product (0.90 g, 5.60 mmol
Femperature and then poured on ether/sohc&.G;]IIuted HCI §o|ut|on mixture of deuterated and nondeuterated 1-methoxynaphthalene) is
is added. The organic layers are was_hed with®@ solution and again introduced into a Schlenk flask and 3.50 mind8uLi and 0.90
concentrated HCl is added to the combined aqueous layers, whereuponmL of TMEDA are added. After 0.5 h the reaction is stopped by
the acid precipitates (yield 1.29 g; 63%, NMR pure). ' ’

IH NMR (400 MHz, CDCh, +31 °C): o 4.14 (s, 3H, H11), 7.61 additi;)n of CH;OD..Workup.anangogs to the fil;st reaction yields 0.85
(m, 2H, H6,7), 7.68 (d, 1H, H3), 8.05 (d, 1H, H4), 8.23 (d, 1H, H8). g (SQ %) of 2d. This material contains ca. 15% of the 8-deuterated
13C NMR (100 MHz, CDC}, +31°C): 6 =64.1 (C11), 117.7137.5 Species.

(ArC), 158.3 (C1), 168.5 (COOH). IH NMR (400 MHz, CDC}, +31°C): 6 3.95 (s, 3H, H11), 7.37
1-Methoxy-8-naphthoic Acid (3b). 1-Methoxynaphthalene (1.44  (d. 1H, H3), 7.42 (d, 1H, H4), 7.48 (m, 2H, H6,7), 7.79 (d, 1H, H5),
mL, 1 mmol) is introduced into a Schlenk flask and 10.0 mL of dry 8-28 (d, 1H, H8)!3C NMR (100 MHz, CDC}, +31°C): 6 55.2 (C11),
hexane and 6.70 mL dfBuLi (1.5 M solution in cyclohexane) are ~ 103.4 (t, C2-D), 120.1 (C4), 121.8 (C8), 12528 (C3, C5, C6, C7),
added. The solution is stirred for 35 h at room temperature and then 134.4 (C10), 155.3 (C1).
poured on ether/solid CODiluted HCI solution is added. The organic 8-Deuterio-1-methoxynaphthalene (3d).1-Methoxynaphthalene
layers are washed with M&O; solution and concentrated HCl is added (1 mL, 0.6 mmol) is introduced into a Schlenk flask and 10 mL of dry
to the combined aqueous layers, whereupon the acid precipitates (yieldhexane and 3.5 mL dfBuLi (1.7 M solution in pentane) are added.
0.71 g; 35%, NMR pure). The solution is stirred for 36 h at room temperature and quenched with

'H NMR (400 MHz, CDC}, +31°C): 6 4.02 (s, 3H, H11), 6.93  an excess of CHDD. After 10 mL of brine is added, the aqueous phase
(d, 1H, H2), 7.42-7.53 (m, 3H, H3,4,6), 7.58 (d, 1H, H7), 7.89 (d, s separated and washed with two 10 mL portions of hexane. The
1H, H5).23C NMR (100 MHz, CDC}, +31°C): 0=55.9 (C11), 106.5 combined organic phases are washed with 10 mL of brine and dried
(C2), 120.9-134.8 (ArC), 154.6 (C1), 177.7 (s, COOH). over MgSQ. The solvent is removed and the residue is dried in vacuo.

2-Methyl-1-methoxynaphthalene (2c) and 8-Methyl-1-methoxy-  Yield 0.73 g (67%, this material contains ca. 15% nondeuterated

naphthalene (3c).1-Methoxynaphthalene (1.00 mL, 0.60 mmol) is  1-methoxynaphthalene and ca. 3% of material deuterated in position
introduced into a Schlenk flask and 10.0 mL of dry hexane, 4.60 mL ),

of n-BuLi (1.3 M solution in cyclohexane), and, if necessary, 1.00 mL
of TMEDA are added. The solution is stirred 224 h at room
temperature and quenched with an excess of iodomethane (usually 2.0
mL). After 2 h atroom temperature 10.0 mL of sodium hydroxide
solution (2 M) is added. The aqueous phase is separated and washe
with two 10.0 mL portions of hexane. The combined organic phases

are washed with 10.0 mL of_brln_e ar_1d dried over MgSthe solvent N Acknowledgment. We are grateful to Prof. M. Schlosser for
is removed and the residue is dried in vacuo. The product composition

is determined byH NMR in CDCl,. Standard NMR techniques have yaluable discu_ssion_s, to Prof. A. Mannschreck for the initial

been employed for théH and 13C assignments of the mixture of idea to start this project, to the referees for helpful comments,

regioisomers. and to the Fonds der Chemischen Industrie and the DFG for
2-Methyl-1-methoxynaphthalene (2¢c)*H NMR (400 MHz, CDCH, financial support.

+32°C): 6 =2.55 (s, 3H, Me), 3.98 (s, 3H, OMe), 7.37 (d, 1H, H3),

7.51 (ddd, 1H, H6), 7.58 (ddd, 1H, H7), 7.62 (d, 1H, H4), 7.88 (d, 1H, Supporting Information Available: Tables of Cartesian

H5) 8.21 (d,*J = 8.5 Hz, 1H, H8).*C NMR (100 MHz, CDC}, +32 coordinates (PDF). This material is available free of charge via

°C): 0 15.8 (Me), 60.9 (OMe), 121.6 (C1), 123.6 (C6), 125.1 (C7). the Internet at http://pubs.acs.org.

125.6 (C8), 125.9 (C3), 127.8 (C5), 128.0 (C10), 129.3 (C4), 133.6

(C9), 153.4 (C2). JA010456W

H NMR (400 MHz, CDC}, +31°C): 6 3.95 (s, 3H, H11), 6.83
d, 1H, H2), 7.37 (d, 1H, H3), 7.42 (d, 1H, H4), 7.48 (m, 2H, H6,7),
.79 (d, 1H, H5)13C NMR (100 MHz, CDC}, +31°C): ¢ 55.2 (C11),
03.4 (C2), 120.1 (C4), 121.8 (t, C8-D), 12528 (C3, C5, C6, C7),
34.4 (C10), 155.3 (C1).
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