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Summary : fert-Butyllithium is best suited to accomplish a hydrogen/metal exchange at the a-position
of y-alkyl branched allyl ethers. Rapid torsional equilibration occurs at the y-terminus of the deproto-
nated aliyl unit while the alkoxy group at the a-site has to occupy the exo position in order to minimize
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steric repulsions. The introduction of an alkoxy group into the terminal
2-alkenyllithium lowers the barrier to torsional isomerization slightly (by a few kcal/mol).
© 1998 Elscvier Science Ltd. All rights reserved.
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rearrangement”) |. Although they could never charactenze the postulated organometallic intermediate in this
model case, five years later they were able to trap the structurally related 9-methoxy-9-fluorenyllithium with
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Despite close similarities, allyl ethers lagged behind benzyl ethers for a long time as far as the investigation
of their organometallic derivatives is concerned. The first anionic isomerization of an allyl ether was reported
in the fifties . Eventually, in 1974, three groups independently described the successful interception of
metalated allyl ethers by a variety of electrophiles * * . The latter were found to attack the oxygen-adjacent
a-position and the unsubstituted y-position of the allyl unit concomitantly thus giving rise to mixture of regio-
isomers, the preponderant component being in most cases the enether or, after acid-catalyzed hydrolysis, the
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corresponding aldehyde. Later Hoppe ef a/. demonstrated that an almost perfect regiocontrol can be achieved
in either sense, favoring a- or y-substitution, by the proper choice of the metal *.
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Neighboring alkyl substituents are known to diminish both the kinetic and thermodynamlc acidity of
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et al. were able to metalale 3,6-dihydro-2H-pyran n'®a
cyclogeranyl vinyl ether !! at an allylic position. Hence the question arouse whether the generation of

branched a-alkoxyallyllithium species would be possible at all.
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For simplicity we selected 4-methyl-3,6-2H-pyran as the first substrate to be studied. Butyilithium, even in
the presence of TMEDA, proved to be not reactive enough, only poor yields (20 - 30%) being obtained.
However, using fert-butyllithium or TMEDA-activated sec-butyllithium allowed us to generate the inter-
mediate 1 efficiently and to isolate, after reaction with ethyl iodide or chlorotrimethylsilane, the regioisomeric
derivatives 2 and 3 in satisfactory total yields (45% - 60%).

a: El-X = 1-CoHg
b: Et-X = Cl'SI(CHq)q
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Having established a suitable metalation procedure, we now were able to turn to acyclic y-alkyl branched
a-methoxyallyllithium intermediates in order to address the inherent conformational problems. Previously an
investigation of the lithiated crotyl 2-tetrahydropyranyl ether had revealed that a methyl group, when in
competition with an alkoxy substituent, has to leave the electronically more favorable endo position to the
latter and to content itself with the exo position '2. What will happen if a second alkyl group is introduced into
the y-position and one of them inevitably occupies an endo position at the inner allyl terminus ? Should the
steric congestion thus produced not oblige the alkoxy substituent to abandon the endo site and move to the
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exo site ? This conclusm n was found to be correct.

Methyl 3-methyl-2-butenyl ("prenyl") ether was metalated and treated with chlorotrimethylsilane. Only
two prduCtS were identified in the reaction le‘her (I-mpﬂ'\r\w-?_mﬂﬂ'\vi ')-hntan“fanhvhﬂanP (E-é,
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stereoisomer (L-D) I'UICS out the 1ntermemacy of the OI"ngl()me[dUIL endo conformer \enau-q) in any

substantial amount and confirms the prediction of a largely preponderant exo conformer (exo-4).
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Independent evidence for the exo-conformation was sought by nmr spectroscopy. Unfortunately, it was
not possible to observe the Hﬂ,HB-coupHng constant because of extensive broadening of all signals. On the
other hand, the geminal methyl groups remained non-equivalent over the entire accessible temperature range
between -100 and -25 °C. The barrier to rotation around the Cﬁ,CY-axis must consequently exceed 10
kcal/mol, as one would expect.

If the conformational mobility cannot be detected on the nmr-spectroscopic time scale, the torsional
equilibration can be followed by monitoring the isomeric composition of y,y-dialkyl substituted a-alkoxyallylic
species at low temperatures as a function of time. When methyl neryl ether and geranyl methyl ether were
separately metalated with rerz-butyllithium in tetrahydrofuran (THF) or diethyl ether (DEE) at -75 °C and the

organometallic intermediates were tranned after 6 h with chlorotrimethvlsilane. virtually the same nroduct
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to a large extent when the metalation was carried out in the course of 2 h at -100 °C (in THF or DEE) or at -
125 °C (in a 1 : 1 mixture of THF and pentanes). In other words, the torsional interconversion of the
stereoisomeric intermediates carrying the alkyl chain ["R"] in the endo- or exo-position, endo-[R]-7 and exo-
[R]-7, occurs only slowly at such low temperature.
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The temperature dependence of the endo/exo-stereomutation rate suggests an activation energy in the
vicinity of 14 kcal/mol for this process. We assume the C(2),C(3)-rotational barrier of prenyllithium (3-methyl-
2-butenyllithium) to approximate 17 kcal/mol, this estimate being based on the knowledge of the torsional
activation energies of prenylmagnesium bromide (at the inner allylic bond, 7 kcal/mol ?) 3 allylmagnesium
bromide (< 7 kcal/mol) 4, allyllithium (11 kcal/mol) %, allylpotassium (17 kcal/mol) '® and prenylpotassium (=
22 kcal/mol) 7. Evidently, the introduction of a methoxy group into the terminal position of prenyllithium
lowers the torsional barrier by some 3 (£ 2) kcal/mol relative to the parent compound. This difference can be

attributed to two factors which may operate simultaneously : destabilization of the allyllithium species by an
alactran_rannloivae intarastinn 18 with tha svaonacitinnad albkavy graonn and  at laact nartial rectaratinn of the
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transition state of the rotation, when the C,Li-bond and the olefinic m-orbitals are orthogonally oriented.
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Tabie. Metalation of methyl neryl ether and geranyl methyi ether with zert-butyl-
lithium (1.0 molar equiv.; 0.75 M concentrations) in various solvents at -75 °C, -
100 °C or -125 °C followed by trapping with chlorotrimethylsilane : combined
yields of products [8 + 9], regioisomeric ratios [8/(8 + 9) = a/(ct + y)] and stereo-
isomeric ratios [Z-8/E-8].

solvent ®  conditions neryl series ®) geranyl series °)

yield a/(o+y) Z-8 : E-8 yield o/(aty) Z-8 : E-8

THF 6h-75°C 79% 054 21:79 77% 053 19:8
THF 6h -100°C  45% 040 79:21 - - -

THF 2h -100°C 32% 045 94: 6 45% 046 8:92
DEE  6h-75°C 62% 085 20:80 66% 078 21:79
DEE  6h-100°C 59% 076 39:61 - - -

DEE  2h-100°C 17% 073 91: 1 30% 033 7:93
THF/PEN 2h -125°C  46% 056 84:16 40% 061 2:98
DEE/PEN 2h -125°C  37% 061 21:79 47% 023 4:96
PEN 2h -125°C  36% 045 18:82 26% 022 6:94

a) THF = tetrahydrofuran, DEE = diethyl ether; PEN = pentanes; THF/PEN and
DEE/PEN as 1 : 1 (v/v) mixtures,
b) Neryl and, respectively, geranyl methyl ether as the starting material.

1.  Generalities

'H-nmr spectra were recorded at 400 MHz, the sampl e, being dissolved in deuterochloroform. For
standard working practice and abbreviations, see recent articles < from this laboratory,
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2. Metalation of Allyl Type Ethers and Subsequent Electrophilic Substitution

a) 4-Methyl-3,6-dihydro-2H-pyran?! as the substrate : A precooled (-90 °C) solution of the cyclic ether (10
g, 0.10 mol) and NN N’ N'-tetramethylethylenediamine “ 5mL, 12 g, 0.10 ﬂ\nl\ in tpfrahvdrnﬁlrap (010 L )

0.10 mol) and N N N’ N'-tetramethylethylenedian tetrahydrofur
was added to sec-butylhthrum (0.10 mol) from which the solvent had been stnpped off under reduced pressure

After 5 h at -75 °C, ethyl iodide (8.9 mL, 17 g, 0.11 mol) was introduced. When the mrxture had reached 25
°C, it was poured into water (0.25 L) and extracted with pentane (3 x 30 mL). The combined organic layers
were concentrated and the residue distilled at a bath temperature of 40 °C and at a pressure of 0.01 mmHg. A
clear liquid was collected which contained 60% of the regioisomers 2a and 3a in the ratio of
2:1.- Analysxs calc. for CgH14O (126 20) C 76 14, H 11 18 found C 75.77, H 10 98% - The 1somers were
separated by preparative gas chr Urrmwgmpuy (3 m, 10% SE-30, 70 — HG C [5 °C/min]) : 4-Ethyl-4-

methyl-3,4-dihydro-2H-pyran (2a) : 'TH-NMR (Cf\Da\ 6637(1H,d,.J64),440(1H,d,/64),3.72H,

T T Ko ™ 7777 N/

m), 1.47 (1 H, ddd, J13.8, 8.3, 4.2), 1.2 (3 H, m), 0.87 3 H, s), 077(3H,t J7.5).- MS : 126 (20%, M™),
111 (7%)., 97 (100%). - 2-Ethyl-4-methyl-5,6-dihydro-2H-pyran (3a) : 'H-NMR (C¢D) : & 5.25 (1 H, s,
1T

henadl 2011 m) 2L7{1H ddd J112 50 203451 H 44dd. J112 10240 201 H m) 15613
oioady, 3.7 (1 I, iy, 3.0/ (1 Ly ull, v 11,4, 0.7, 2.U), J.9J (1 AL, U, & 11.4, 1V.J, 7.V, V1 X1, 1), B.JV (T
s, 1.5G3H, m), 1.00(3H,t,J75). - MS 126(13% M), 111(20%) 97(100%)
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In a similar reaction, 4-methyl-5,6-dihydro-2H-pyran (0.10 mol) was consecutively treated with zert-
buty!‘gﬂ\ (n 11mol, Shat-75°Cin0.10 L of fptrnhvdrnﬁlra‘n) and rhlnrninmmhulmlnnp f14 ml 12 g
0.11 mol). The sole product isolated by distillation and preparative gas chromatography (3 m, 10% SE- 30 80
°C — 160 °C) was 4-methyl-2-trimethylsilyl-5 6-d1hydro-2H—pyran (3b) 43% - 'H-NMR (CgDg) : & 5.42
{(1H,s),3.95(1 H,ddd, /10.6,5.9,1.2),3.9(1 H, m),3.40 (1 H, dt, J10.7,3.2), 2.15 (i H, symm. m), 1.61
(3 H,s), 1.47 (1 H, dt, J 16.7, 29), 011 (9H, s). - MS : 170 (1% Mb), 155 r35%\ 97 (12%), 73 (100%). -

It was found to be too labile to be sent abroad for elemental analysrs

b) Methyl 3-methyl-2-butenyl ether 22 as the substrate : A precooled (-75 °C) solution of the prenyl ether
(2 0g,20 mmol) in tetrahydrofuran (20 mL) was added to tert-butylhthrum (20 mmol) from which the solvent
had been siripped off under reduced pressure. After 4 h at -50 °C, chiorotrimethyisiiane (2.8 mL, 2.4 g, 22

mmol) wag added at -75 °C_ The dark red reaction mixture dm‘r\]nnw‘d ingtantaneoucly A emall csmnln wae

withdrawn and the product composition was determined by gas chromatography (5 m, 5% C-20M, 60 —>
160 °C) relative to tetradecane as an internal standard : 8% of the starting material, 30% of E-S and 48% of 6.
The reaction mixture was poured into water (0.10 L) and extracted with hexanes (2 x 25 mL). The organic

material was concentrated and distilled. A first fraction ( hn 60 - 65 °C/20 mmHe) contained mamlv the enether
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E-5 and the third fraction (90 - 95 °C/20 mmHg) mamly the allyl ether 6. “The products were purified by
preparatlve gas chromatography (2 m, 5% SE 30, 75 °C — 150 °C). - (E)-(3—Methoxy—l l-dlmethyl~2-

propenyl)trimethylsilane (E-5) : 30%, bp 145 - 147 °C; “]2)01 4349. - 'TH-NMR (CDCl3) : § 6.11 (1H,d,J

12.7), 483 (1 H, d, J 12.7), 3.50 (3 H s), 0.97 (6 H, s), -0.04 (9 H, s). - Analysis : calc. for C9H20081

(172.34) C 62.72, H 11 70; found C 63.01, H 11.73%. - (1 -Methoxy—S—methyl—2—butenyl)tnmethylsrlane

(6) 48%, mp -25 to -23 "(, bp 153 - 155 °C ny, 1.4420. - '"H-NMR (CDCl3) : 8 5.13 (1 H, dm, J 10. 3) 3.65
1

d J103), 295 M I ) 17T I A 1TEI (2 &) N0 /0 W o - Analucic - cale far LT -O1C
\1 11, G, J 1U.D), 3.43 (5 14, §), 1.7 (O 14, 8, 1.04 (S5 1, §), VUL (T 11, §). - AAlYSIS | CaiC. 101 \/gxlluvol
(172.34) C 62. 72 H 11.70; found C 62.88, H 12.03%.
c) Methyl nprvl ether 23 and Qeranvl methyl ether 23 a5 substrates - A solution of the ne l r geranvl ether

1 vipt w8 Svsayl RRRY

(4 2g, 25 mmol) butyllithium (25 mmol) and NN, N',N",N"- pentamethyldlethylenetnannn ( £, 25 mmol)
in tetrahydroﬁxran (25 mL) was kept 2 hat -75 °C. Addition of chlorotnmethylsrlane (3 3mL, 28 g, 26 mmol)

______ 8 Toese At e Ancls wnd cmm adlaie saalerdiiona Tnédam sxrma samusoad cxcomd TN ned

bduhw a laplu acCOILIallvIl Ul mc UdiK I1CU 1CaClIVI IIIALULC, lllC ld.l.l.cl wad pUUlUU lIllU Watcl \U 10 1.) ara
extracted with hexanes (2 x 25 mL). The product composition in an aliquot was analyzed by gas
chromatography (3 m, 5% SE-30, 80 — 180 °C; 30 m, DB-1701, 75 — 180 °C; nonane as an internal
standard) : 9% of the allyl ether Z-8, 42% of the allyl ether E-8 and 27% of the enether E-9. The solvent was

avanaratad and +ha racidss km.unll +tn a chart_nath dictillatine ging ok mann flaclk: hn &N QL o /n 1
CvapUlaicla anid the resiaue submitted to a snort-patn aistiliation uSinig & miCKinanh liddA, Up UU - 00 /U,

mmHg. - Analysis : calc. for C14H308i (240.46) C 69.93, H 11.74; found C 69.82, H 11.83%. - The two
regioisomers were separated by preparative gas chromatography (Z)- and (E)-(1-Methoxy-3,7-dimethyl-

2,6-octadienyl)trimethylsilane (Z- and E-8 in the ratio of 15 : 85) : 'TH-NMR (CDCl3) : § 5.15 (1 H, d, J
104), S.10 (1 H, t,J6.3),3.69 (1 H,d,/10.4),3.26 3 H, s), 2.1 (4 H, m) 1nnm1<v1u 5), 1 'mmsuv

Lu U9y, \i L1 U, J U0 S, 1\ XL, Ay, 1.

3H,s),. 1 61 (6 H s), 0.02 (9 H s). - [1- (Z-hans-Methoxyethenvl)-l S-dlmethyld-hexenylltnmethylsnlane
(E-9) "H-NMR (CDCl3) : 5 5.97 (1 H, d,J 12.9), 5.13 (1 H, thept, J 7.1, 1.4),4.77 (1 H, d, J 12.9),3.53 (3

i T

H,s),194(2H,q,J7.0),1.71(3H,d,J1.3),1.62(3H,s), 1.4 (2H, m), 095 (3 4, s),-0.01 (9 H, s).
Further reactions were performed varying the solvent, the reagent and the temperature as specified in the

Tha tnenadii~te twara idantifiad and anantifiad hy oacg nk"\mnh‘n anhy fag Aagrribhad ahaval
1 y 84S CNTromaiograpiiy (as GesL1iocd aoove).
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3. Temperature Dependent NMR Studies

All manipulations were carried out in a nitrogen atmosphere. A solution of ferz-butyllithium (0.50 mmol)
in pentanes (035 mL) was transferred by means of a mtrogen purged pipette mto a 5 mm wide nmr tube
attached to a two-neck adapter. The solvent was stripped off, the tube was immersed in a dry ice/acetone bath
and precooled perdeuterated THF (0.50 mL) and 1—methoxy-3-methy1—2 butene (0.040 g, 0.40 mmol) were
added using a nitrogen purged syringe. After being cooled with liquid nitrogen, the tube was sealed under
vacuum. The mixture was kept 6 h at 50 °C before lH -nmr spectra were recorded at 400 MHz, the signal of
residual hydrogen at the 2-position of the solvent (& 3.58) serving as an internal shift i‘efcwuuc The
temperature was varied between -100 °C and -25 °C and determined by the methanol probe method. 24

Temperature -dependent spectral changes proved to be reproducible upon repetition of the cold-warm-cold
cycle, but all in all were minor and uncharacteristic.
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