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Than [2,3] Shifts in their Lithiomethyl Analogues 
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Abstmct: The reductive lithiation of O.S-acetals 9a-d initiated [2,3]-Wittig rearrangements 
whose cis,trons-selectivity depended on whether lithiomethyl (+ cis) or lithioalkyl ally1 ethers 
reacted (-. trens). It is suggested that these rearmngements proceed via mixtures of the 
configurationally stable lithioether intermediates syn-13 and unti-13 and transition states 

17M,exo and 17m~,endo. respectively. 

[2,3]-Wittig rearmngements of lithiated ally1 ethers which provide after aqueous workup homoallyl al- 
cohols continue to arise synthetic l, mechanistic 2, and theoretical interest 3. Yet, until today one does not 
know whether the lithiated ethers 1 themselves rearmnge to lithlum alkoxides 2 or whether they react via the 
metal-free ether anions 4 to form metal-free alkoxide anions 5 4 (Scheme 1). In any event, the [2,3] shift 
itself ls believed to be concerted l. The [2,31-Wittig manaugement of lithiated ethers 1 with non-conjugated 
carbanionlc centers (R2’ = II, alkyl) was nxently analyzed through ab-initio calculations by Houk et al. 3. 

For the conversion of lithiomethyl ally1 ether (1; R = R2’ = II) into the lithium alkoxide 2 (R = R2’ = II) 

they found a concerted mechanism and transition structure 3 3a. 3 consists of an envelope-shaped 
C=C-C-O-C moiety. In its main plane lies the lithium atom which bridges C-2’ and the adjacent oxygen 

atom during its migration from the former to the latter. Alternatively, the same reaction was considered to 
proceedfiometheranion4tothelithiumfreealkoxlde5(R=R~ =H)3b.Agaln,onefouudaconcerted 
mechaukm and an envelope-like tram&on suucmre (6). It repnaemSartearliertmnsltionstatethanthe 
lithium analogue 3 since the newly developing C-2’IC-3 bead is ahnost 1 A longer. Roth transition 
structures3aod6reprodueecomctlythee~findingthstinthecourseof~rearrangementan 
inversion of configuration takes place at the carbanlonfic) center 2. 
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Scheme I. 

Trying to learn more about the factors which determine the stereoselectivity of the [2,3]-Wittig 

rearrangement, we prepared the O,S-acetals 9b-d (Scheme 2) from the trimethylsilylated allylic alcohol 8, 
PhS-SiMe, 5, and acetaldehyde, propionakkhyde, and isobutyraldehyde, respectively 6. They were isolated 
as inseparable mixtures of diastereomers after flash chromatography on silica 7. O,S-acetal9a was prepared 

by a published route 8. 

, PhS-SiMe3, i 

Me$i03S-CF3 (S- 

12 mol-%), CH2C12, 

-78T, I-15h 

9 (racemic) 

LiNaphth (2.0 equiv.), 
--- 

THF, -78°C. 5-10 min 

R’ 

/ 

c 

OH 

RZ’ 

trons-10 

+ / R’ c OH 

R=’ 

cis-10 

Yield 9 I 9 (diaaterea- II Yield 10 1 10 (trons:cis) 

mer ratio) 

Scheme 2. 

49% d (84:16) iPr 72% d (>95:<5) 

Reductive litbiation g of these O,S-acetals with lithium naphthalenide (“LiNaphth”) led to the Wittig- 
rearmngement products lOb-d as expected 8110 (Scheme 2). However, accordii to the magnitude of their 
oleftic coupling constant JH H = 15.3 Hz compounds lob-d were pure rruns isomers. This contrasts with 
the observation that under similar conditions the lower homologue O,S-acetal 9a gives a 7525 cis:tmns 

mixture of marrangement product 1Oa 8, i.e., shows the weak cis-preference lmown from the Wittig-Still 
modification of this reaction 11. How to explain this discrepancy? 
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Ref. 12: 
LiNaphth (2.2 equiv.), 

w 
THP. -7S°C, 5 min 

11 (raccmic; either diastereomcr 
or the mixture of diastereomers) 

syn-I 2 65 : 35 anri-I 2 

This work: 
LiNaphth (2.0 equiv.). 

THF, -7S°C, 5-10 min 

b : R” = Me 

c : R2’ = Et 

d : R*’ = iPr 

9b-d (racemic; mix- 
ture of diastereomers) 

syn-13b-d anti-13b-d 

It was described earlier that the reduction of o,s-RC&RlS 11 (Scheme 3) occurs with Me 1,3- 
asymmetric induction, i.e., deliver8 a 6535 ratio of diitereomeric lithio ethers syn-12 and anri-12 12 which 
- importantly! - cannot have interconverted before undergoing [2,3]-Wittig rearmngements 13. One expect8 

an even lower 1,3-asymmetric induction in the reductive lithiation of O,S-acetals 9b-9d. Therefore, the 
subsequent Wittig rearmngements will start from rnixrures of the configurationally stable lithio ethers syn- 
and anti-Ub-d. Due to the absence of a second stereocenter, the formaldehyde-based O,S-acetal 9a (Rz’ = 
H) must react via a single lithioether. 

0.6 kcallmol 

Litbio- 
trans-10a 

14 rndo 14,x0 Lithlo- 
cis-10a 

,Qheme 4: Preferred orientation of a I-substituent in the transitiott state of the [2,3]-RQtig rearrangement 

Each of the substituents Rt and R2’ at the stereocenters of the aforementioned lithioether mmrmediates 
13 has a preferred orientation in the transition state of the Wittig rearmngement. The orientational preference 
of RI alone is documented in the cis-favoring rearrangement of lithioether 13 (I@’ = H) giving the alkoxide 

lithio-1Oa s via transition state 14_ rather than via 14& (Scheme 4): Rf is exe-oriented with respect to 

the envelope with a free enthalpy benefit of 6AG = -0.6 kcallmol. 
The orientational preference of a substituent Rz’ alone follows from the non-induced dia- 

stereoselectivity of Broka’s [2,3]-Wittig rearmngements of lithiated cis- and fmnrcrotyl ethers 10 (Scheme 
5). The favored transition states are cis- aad tm-15, (giving a&oxides syn- and unfi-16, respectively) 
rather than cis- and mm-Hd. I.e., R2, too, has a free enthalpy advantage in an are orientation with 
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respect to the envelope. It amounts to MG = -1.3 kcal/mol in the fmns- and -0.5 kcal/mol in the cis-series. 
Thus, in the absence of steric hi&am% a substituent R2’ strives more than Rt towards tbe exe-orientation. 

92% of the 

rearrangement 

29% of the 

rearrangement 

anti-l 6 

# 

cis-lSenao 

0.5 kcallmol 

8% of the 
) Me\\*” 

rearrangement 
IL 

syn-16 

71% of the 

rearrangement 

cis-ld,,, 

Scheme 5: Prefrred orientadon of a 2’-sabstitaent in the transition state of the ~,3]-~tig ~~anpment 

As a consequence, it is comprehensible why our lithioethers syn-Ub-d remrange via transition state 

“emdo,exo m2’ exe. Rt end@ rather than via 17a,,aao (RI exo, R2’ endo) and lead to rmnrconfi~ted 

alkoxides 10 (Scheme 6). The diastereomeric lithioethers anti-13b-d, however, cannot rearrange via transi- # # 
/ R’ 

_ _ _ _ _ _ _ * 

c 

o-LA+ + _ _ _ _ _ _ _ 

R2’ 

Litblo-&-lob-d 

t 
AG (WC) > AG (OT) > 

1.1 kcallmol 1.1 kcal/mol 

‘I 

17..d.,... Lithlo-trans.lob-d 

Scheme 6: combined @ect of I- and 2’-substituents in the transition state of the n,3]-Wittig rearrangement 
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tion state 17_ exe (although R1 und R2’ would be exe!): The syn-pentane strain 14 disfavors it at the 

expense of transition state 17ade endo via which one then obtains trans-alkoxides 10, too. 3 

ACKNOWLEDGMENT: We are indebted to the Deutsche ForschungsgemeinschujI (Sonderforschungsbe- 
reich 347 “Selektive Reaktionen metallaktivierter Molektlle”, Universitiit Wthzburg) for financing this work. 

EXPERIMENTAL 

AU reactions were performed in oven-dried (100°C) glassware ander dry nitrogen During reductions with 
LiNaphth, stirring bars with glass coating were used. THP was freshly destilled from K/Na. The molarity of THP 
solutions of LiNphth was determined by dropwise addition to 4-tert-butylcyclohexanol in THF until the green 
color persisted. Products were purified by flash chromatography on Merck silica gel 60 (particle sixe 0.040- 
0.063 mm, 230-400 mesh ASTM) or Baker silica gel 60 (Particle size 0.030-0.063 mm, 230-400 mesh ASTM); 
the eluent for acid labile O,S-acetals contained triethylamine (1 volume %); N&O3 (1 cm) was tilled below and 
above silica gel, eluents given in brackets. Yields refer to analytically pure samples (combustion analyses: Table 
1). Isomer ratios of diastereomeric mixtures were derived from 1H NMR integrals.- 1H NMR (tetramethylsiie 
or CHCI, internal standard in CDC13): Bruker AC-200, AC-250, AC-300, WM-400; integrals in accord with 
assignments; coupling constants in Iiz; AB spectra: HA refers to high- and Hu to low-field resonance. 

S-(4-Methoxphenyl)-I-penten-3-01 (7) 8: A Grignard reagent was prepared from magnesium shavings 
(12.03 g, 0.4949 mol, 1.5 equiv.) and 2-(4-methoxyphenyl)ethyl chloride (50 ml, 56 g, 0.33 mol) in THF (400 
ml) by heating for 2 h under reflux and stirring for 15 h at room temp.. At 0°C freshly distilled acrolein (22.1 ml, 

18.5 g, 0.33 1 mol, 1.0 equiv.) was added. Stirring was continued for 4 h at room temp.. The reaction mixture 
was quenched by the addition of satd. aq. NH&l solution and extra&d with ether (5 x 100 ml). The organic 
phases were dried over MgSO4. Removal of the solvent and distillation under reduced pressure (bp. 130- 
135”CYS torr) yielded 7 (43.850 g, 69 %).- 1HNMR (300 MHz): 6 = 1.51 (d, JoK3 = 3.7, OH), 1.75-1.89 (m, 
4-H& 2.65 (m, S-HZ), 3.79 (s, OCH3). 4.12 (br. m,, 3-H), 5.13 (dmc, JCis = 10.4, l-HE), 5.24 (ddd, J- = 

17.1 , J1,3 = Jgm, = 1.3, l-Hz), 5.90 (ddd, Jbms = 17.2, JCis = 10.4, J2,3 = 6.2, 2-I-I) AA’BB’ signal centered at 

6 = 6.83 and 6 = 7.12 (C&14). 

5-(4Nedw@zeqy~-3-(i?imethyl.si~l~)-l~ntene (8): 5-(4-Methoxyphenyl)-I-penten-3-01 (7; 30.0 g, 
0.156 mol) in CH#12 (150 ml) was added to imidazole (21.2 g, 0.312 mol, 2.0 equiv.). After stirring at 0°C for 

30 min trimethylsilyl chloride (39.6 ml, 33.8 g, 0.312 mol, 2.0 equiv.) was added. A&r I5 h petroleum ether 
(100 mi) was added. A white precipitate formed and was removed by filtration. After evaporation of the solvent 
the residue was distiiled under reduced pressure (bp. 110-I 15’YXO torr) to give 8 (39.3 1 g, 95 %).- 1H NMR 
(300 MI-Ix): 6 = 0.12 [s, Si(CI$),], 1.67-1.87 (m, 4-H& 2.59 (m, 5-H& 3.79 (s, OCH3), 4.10 (br. ddd, ail J 
values ca. 6, 3-I-Q 5.06 (ddd, JCis = 10.3, Jscln = J1,3 = 1.4, l-HE), 5.16 (ddd, Jp_ = 17.2, Jge,,, = J1.3 = 1.5, 
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l-Hz), 5.84 (ddd, J- = 17.2, Jcrs = 10.3, J2,3 = 6.1, 2-H), M’BB’ signal centered at 8 = 6.81 and 8 = 7.10 

(WV. 

Preparation of 0,S-acetaJ.s: Method A: At -78OC TMSOTf (8-12 mol-%), the aldehyde (1.3 equiv.), and 

silylether 8 (1 .O equiv.) were added successively in 10 mitt intervals to trimethyl(phenyhhio)silane (1.0-1.3 

equiv.) in CH2C12. AtIer stirring for 1-3 h the reaction was quenched with pyridiie (0.5 ml) and extracted with 

satd. aq. Na2CO3 solution (5 ml) and petroleum ether (3 x 50 ml). The organic layer was dried (Na$O,) and 

evaporated. Tetrabutylammonium tluoride (2.2 equiv.) in THP was added at room temp.. The O,S-a&ah were 

purified by flash chromatography and isolated as mixtures of diastereomers (composition: Scheme 2). - Method 

B: At -78OC TMSOTf (8 mol-%) was added to trimethyl(silane (1.0 equiv.) in CHzClz (2 ml) 

followed by addition of a mixture of isobutyrsldehyde (1.0 equiv.) and silylether 8 (1.0 equiv.) in CH&I~. The 

mixture was stirred for 15 h at the same temp.; workup see method A. 

S-(4-Meth~heny~-3-[l-@enylthio)eth~~l-pentene (9b; method A): 1H NMR (300 MHz): Major 

diastereomer: 6 = 1.50 (d, JzI,~ = 6.2, 2’-H3), 1.69-1.99 (m, 4-Hz), 2.52-2.72 (m, 5-H& 3.79 (s, OCH3), 4.27 

(ddd, J3,8 = J3,4 = 7.0, 3-H), 4.92 (q, Jlls = 6.3, P-H), 5.07 (dm, Jbmw= 17.3, l-Hz), 5.21 (dm, Jcis = 10.3, 

l-Hq, 5.63 (ddd, Jbmu = 17.2, Jcis = 10.3, J2,3 = 8.1, 2-H), AA’BB’ signal centered at 8 = 6.83 and 8 = 7.12 

(C$-&), 7.27 and 7.45 (2m,, 3 and 2 H, SC&).- Major diastereomer (unless superimposed by the other 

diastereomer): 8 = 1.49 (d, Jz:la - - 6.3, 2’-H3), ca. 4.10-4.20 (m, 3-H), 4.99 (q, J1e,2e = 6.3, l’-H), 5.16 (dm,, JciS 
II 11, l-HE), probably 5.62-5.77 (m, 2-H), part of AA’BB’ signal centered at 8 = 7.06 (C&). 

S-(4~Methoqphery’)-3-[I-@wtyIthio)pro~]-I-pntene (SC; method A): 1H NMR (250 MHz) of pure 

major diastereomer): 6 = 0.97 (t, J3e.2 1 = 7.4, 3’-H3), 1.70-2.03 (m, 4-Hz, 2’-Hz), 2.52-2.71 (m, 5-Hz), 3.79 (s, 

OCH3), 4.29 @r. ddd, ah Jvalues ca. 7, 3-H), 4.68 (t, J~I,~I = 6.4, l’-H), 5.02 (m, Jt,._= 17.3, I-Hg), 5.20 

(dd, Jcis = 10.2, Jga,, = J1.3 = 1.7, l-HE), 5.61 (ddd, Jtrw = 17.2, Jets = 10.3, J2.3 = 8.4, 2-H), AA’BB’ signal 

centered at 6 = 6.83 and 6 = 7.12 (C&), 7.21-7.32 and 7.39-7.50 (2m, 3 and 2 H, SC&Is).- 1H NMR (300 

MHz): Minor diaatereomer: 8 = 1.00 (t, J31.2 1 - 7.4, 3’-H3), 1.69-2.10 (m, 4-Hz, 2’-Hi), 2.47-2.72 (m, 5-H*), - 

3.78 (s, OCH3), 4.21 (br. ddd, all Jvalues ca. 7, 3-H), 4.71 (t, J1*,2# = 6.4, II-H), 5.16 (dm, JciS = 10.3, l-HE), 

5.22 (dm, Jbmts = 17.8, l-Hg), 5.79 (ddd, JhcurS = 17.3, JciS = 10.3,52,3 = 7.0,2-H), M’BB’ signal centered at 

6 = 6.82 and 8 = 7.06 (C&&), 7.15-7.29 and 7.40-7.49 (2m, C&T,). 

5-(4-~t~henvr)-3-[2-methyl-l-@henyl(9d; method B): 1H NMR (250 MHz): 
Major diastereomer: 8 = 1.03 (d, Jz~_m,2a = 6.7, 3’-H3), 1.05 (d, J3:2 I- 6.6, 2’-CH3), 1.66-2.12 (m, 2’-H, 4-Hi), - 

ca. 2.56-2.70 (m, 5-H& 3.79 (s, OCH3), 4.21 (ddd, all Jvaiues 7.2,3-H), 4.59 (d, J1e,~a = 5.8, l’-H), 4.77 (dm, 

J ,rans= 17.4, l-Hg), 5.lO(dd, JciS= 10.3, Jgem= 1.7, l-HE), 5.55 (ddd, JbmS= 17.2, JciS= 10.2, J2,3= 8.5,2- 

H), AA’BB’ signal centered at 6 = 6.83 and 6 = 7.12 (CA), 7.19-7.30 and 7.37-7.44 (2m P 3 and. 2 H, 

SC$-$).- 1H NMR (300 MHz): Minor diastereomer: 8 = 1.06 (d, J3g,21 = 6.7, 3’-H3), 1.08 (d, J3’,2a = 6.6, 2’- 

CH3), 1.67-2.10 (m, 2’-H, 4-Hz), 2.46 - ca. 2.59 (m, 5-Hz,), 3.79 (s, 0CH3), 4.18 (m, 3-H), 4.58 (d, J,I,~’ = 
5.7, II-H), 5.10 (dm, JciS = 10.3, I-HE, superimposed by major diastereomer), 5.18 (ddd, Jkw = 17.2, l&), 

5.73 (ddd, JbMIS = 17.3, J& = 10.4, Jz,~ = 6.8, 2-H), AA’BB’ signal centered at 8 = 6.81 and 6 = 7.05 (C&&), 

7.20-7.49 and 7.40-7.49 (2m, SC&$). 
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Reductive cleavage of O,S-acetak A solution of LiNaphth in THF was added to a stirred (glass-covered 

bar) solution of an O,S-a&al9 in THF (1 ml) at -78°C. Stirring was continued for S-10 min. The mixture was 

quenched with satd. aq. NH&l solution (5 ml) and extracted with tBuOMe or ether. The organic layer was dried 

(MgSO,& evaporated, and purified by ilash chromatography. 

~~7-(4_Met4~epte~2~Z (IOb): tH NMR (250 MHz): 6 = 1.14 (d, J1.2 = 6.2, I-Hj), 1.49 

(br. d, Joq2 = 3.6, 2-OH), 1.96-2.25 (m, 3-H2), 2.32 (br. dt, Ja,s = Jh,,= 7.3, 6-H& 2.63 (t, 3.6 = 7.3, 7-Hi), 

3.64-3.81 (m, 2-H), superimposes 3.79 (s, OCH3), AB signal (8~ = 5.39, S, = 5.54, JAB = 15.3, in addition split 

by Jq3_~1 = 7.7, J&3& = 6.4, JB,~ = 6.5, A: 4H, B: 5-H), AA’BB’ signal centered at 6 = 6.83 and 6 = 7.08 

(wb). 

trms-&(4Mehx@eny&hc~en-3-oZ (1Oc): 1I-I NMR (250 MHz): 6 = 0.93 (t, Jr.2 = 7.4, I-H3), 1.37- 

1.5 1 (m, signal intensity decreased upon addition of D20, ~-HZ, OH), A part of AB signal centered at 2.03 (JAB 

m 14, in addition split by J&5 = JAG RI 8, 4-H*), 2.16-ca. 2.29 (m, 4-HB), partly superimposed by 2.32 (br. dt, 

J,,6 = J,,8 = 7.5, 7-H& 2.64 (t, J8,, - - 7.5, ~-HZ), 3.40-3.52 (m, 3-H), 3.78 (s, OCH3), AB signal (8~ = 5.40,6 

B = 5.53, JAB = 15.3, in addition split by J~~_HA = 7.6, JB,~ = 6.5, J,,Q_HB = 6.4, A: 5-H, B: 6-H), AA’BB 

signal centered at 6 = 6.83 and 6 = 7.08 (CgH4). 

trans-8-(4--Mef-2~e~I-5~~e~3~1 (lOa): 1H NMR (250 MHz): 6 = 0.90 (d, J2-m~ = 6.8, 

2-CH3), 0.92 (d, Jls = 6.7, 1-H3), 1.45 (d, Jow3 = 3.7, OH), 1.61 (m, 2-H), A part of AB signal centered at 

2.02 (JAB = 13.9, in addition split by JA5 = J&6 L\I 8,4H*), 2.15-ca. 2.29 (m, 4HB), partly superimposed by 6 

= 2.32 (br. dt, J7,6 = J7,8 = 7.5, ~-HZ), 2.64 (t, J8.7 - - 7.5, ~-HZ), 3.20-3.33 (m, 3-H), 3.79 (s, OCH3), AB signal 

(8A = 5.41, 6, = 5.54, JAB = 15.3, in addition split by JA+HA m 7.7, J_Q_HB - 6.3, JB,~ = 6.5, A: 5-H, B: 6-H), 

AABB’ signal centered at 6 = 6.83 and 6 = 7.08 (C&j); small unidentified signals at 6 = 0.86 (d), 5.03-5.29 

(m), and 5.64-5.70 (m). 

Table I. Combustion analyses 

Compound 

7 

8 

9b 

9c 

9d 

lob 

10c 

10d 

Molecular 

formula 

C12H1602 

C15H2402si 

c2oHz502s 

c21H2602s 

c22H2802s 

c14H2002 

ClSH2202 

c16H24O2 

Molecular %C Calcd. 

mass (Found) 

192.3 74.97 (74.66) 

264.4 68.13 (68.36) 

329.5 72.90 (72.89) 

344.5 73.64 (73.56) 

356.5 74.12 (73.95) 

220.3 76.32 (76.60) 

234.3 76.88 (76.89) 

248.3 77.37 (77.49) 

%H Calcd. 

(Found) 

8.39 (8.58) 

9.15 (8.90) 

7.64 (7.59) 

7.65 (7.84) 

7.92 (7.86) 

9.15 (8.94) 

9.46 (9.80) 

9.74 (9.52) 
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