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Abstract: As little as 0.1 molar aquivslent of elemental telhuium in combination with excess (up to 
3 molar equivalents) reducing agent (HOCH2Xl2Na-2H20, NaRm. or LEt3BI-I) effects the 

telluride-ion mediated transposition of allylic hydroxyl groups and carbon-carbon double bonds that 

pnxeeda via the epoxy tosylatc. ‘Ihe workup is much more convenient than when a molar equivalent 

of tellurium is used. 

fnrroduction. Telluride ion (Tez-) previously has been used in stoichiometric amounts or greater in the 

conversion of glycidyl tosylates or mesylates to allylic alcohols, a process whose end result is the 

transposition of an allylic alcohol group and the carbon-carbon double bond.’ The telhuide anion is 

converted to elemental Te during the reaction. The glycidol derivatives may be obtained optically active 

via the Sharpless asymmetric epoxidation and kinetic resolution procedures that involve t-butyl 

hydroperoxide, titanium isopropoxide. and an optically pure tartrate ester such as diisopropyl tartrate or 

diethyl tartrate @ET).* The Te-transposition coupled with asymmetric epoxidation enables the chemist to 

overcome several limitations of the Sharpless synthesis of optically active allylic alcoho1s.t These are (1) 

the inability to resolve tertiary allylic alcohols; (2) tbe 50% yield limitation in a resolution of secondary 

allylic alcohols3; (3) the poor yields and enantiomeric excess (ec) of sterically congested rrans, secondary 

allylic alcohols (eg t-butyl vinyl carbinols); (4) the slow epoxidation of monosubstituted carbon-carbon 

double bonds in allylic alcohols; and (5) the low ee in attempts to resolve cis-allylic alcohols that have 

bulky cis substituents.2 Advantages of the Te process over other methods are (1) the recovery and reuse of 

the elemental tellurium; (2) the use of mild temperatures; and (3) with rongalite (HOCH~SO~Na*W~O) as 

the in situ reducing agent for Te, the use of a highly aqueous medium that minimizes the disposal or 

recovery of large amounts of organic solvent. In addition, elemental Te is relatively non-toxic.4 A comtnon 

alternative method of transposition which has been applied on a 32 to 62 millimolar scales consists of 

treatment of the epoxy tosylates with a zinc-copper couple and sodium iodide in THF or ethylene glycol at 

elevated temperatures. The zinc-copper couple is consumed in stoichiometric quantities. This and other 

methods have been discussed in our earlier paper.l Equation 1 exemplifies the tellurium process as applied 

to the synthesis of an optically active f-butyl allylic carbinol.1 
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I. TBHP, Ti(QiPr),, (+)-DET 
;r 

2. TG1 

l-8” 
( Te, 

tie 22 ~~UC~~. use of one or mcBIE ~l~~~v~e~~ 0fTe ~w~v~~~~ of 
scale because of 

e abuzz of Te fias hvc? ~~~~s bne ~~dv~~~. The 
adv the ease of workup &ninatbn of the need for a ~~~~~~~t initial investment in Te. 
The ge is that the rate af bimolecular reaction tith Tea- is reduced. This latter probfem is not 
serious as shown in Tables 1 and 2 for the reactions of epoxygeranyl tosylate (eq 2) and several other epoxy 
tosylates (eq 3), respectively.fi Inmasing the tempera- of an already ile tleaction is all that is needed 
to give satisfactory yields, If LiEt#H is used as the reducing agent fat- Te, it and the epoxy tosylate are 

ns to the Te in the nr;eucdo~ flask. This avoids the 
LEt3EIH which has pow&% nucle@Clic propeties.7 
9; Table 1) or‘ NaBI& (F&try 3, Table 2) is that Lewis 

Tc witi mcess mn 
(Tab& 1) has beten 3.1 to 47,2 

mrnd. Tha first entry in Table 1 is for the use of a stoichiometric excess of Te at room k-m. The 
catdpk reactions were slow at room temperature except when reduction uf Te was performed with a bcron 
hydride. 

OTs 
+ ( Ts + reducing agent ] 

Te ( 0.1 equiv ). rongab ( 3.0 equiv ) 
m 

Nash ( 3.0 aquiv ). H&THF. 50 - 55% 
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Table 1. Conversion of Epoxygdol Tosylatc to Linalool by Catalytic T&- 

Entry Tcsylate. Reducing Agents(mmol) Te, mmol Temp,wb Time, b yield, % 

1 3.08 
2 3.08 

: Z 

2 &!zz 
7 47.2 
8 3.08 
9 3.08 

rongslitc, NaOH (18.5.18.5) 63 
5:s 

3.5 88 
rongal&, NaOH (9.2.9.2) 1.2 2 89 

mngatite, NaOH (9.2,9.2) 0.62 So-55 1 mngalite. NaOH (9.25.9.35) 0.31 So-55 12 g 

mngalite, NaOH (9.2.9.2) 0.31 Xl-55 12 mngal&. NaOH (62.0.62-O) 2.17 SO-55 5 zr 
mngalite, NaOH (142.142) 4.77 so-55 97c 
LiitsBH (6.78) 0.62 tt : 84 
LiBrjBH (6.78) 0.31 n 3 84 

(a) Purple solutions containing polytelbuide ions, (Te),,*. sre commonly observed. (b) Temperature is 
external. (c) The tosylate of the (2s. 3.9-epoxy alcohol was used to give (s)-(+)-linalool: [ag +16.!W (c 

2.12, CHCl3) @m-y 5) ;+17.4-’ (c 5.30, CHCb) , +17.01° (neat) (Entry 7). 2 90% ee [cbiral shift wager& 

Eu(hfc)g]. Lit [ag (R)(-)-linalool. -17.04” (neat), 94-96% ec (shit reagent).1o 

Table 2. Transposition of Other Epoxy Tosylates by Catalytic Te2- (0.1 Molar Equiv) 

Enhy R1 R2 R3 

1 H H n-‘&H11 
2 H -(CH2)4- 
3 Me H nGHtt 

R4 

H 

H 

Me 

To@@. 
1 

1.37 (50) 

2.39 (50) 
0.76 (70) 

Tie 

2h 

12b 

10 min 

Yield.% 

go* 

65b 

87c. d 

(aa) la1 s -18.70 (c 2.53, ErOH). (b) Low yield due to inadvertent loss of volatile product. [aI: 

+10.6O (c 1.76. CHCl3). (c) NaBH4 (2.4 equiv) in DMF was used instead of HOCH2SO2Na 
*2H2O-NaOH-H20-THF. (d) Product is cis. 

Ekperimenral. Geraniol(10.1 g, 64.3 mmol) was epoxidized according to the procedure of Sharples@ 

with (+)-DPT as the chiral ligand to give (2s. 3S)-epoxy geraniol(9.40 g. 55.2 mmol, 86%): [01Jg = -5.10 

(c 2.73, CHC13) [lit2b [cc]~-S.~~ (c 3.0, CHCl3)]. Tmatment of the epoxygeraniol(8.20 g, 48.2 mmol) with 

p-toluenesulfonyl chloride1 (9.68 g, 50.3 mmol) gave an essentially quantitative yield of the tosylate as a 
yellow oil (16.3 g. slightly contaminated with impurities). A portion of the msylate (1.0 g, 3.1 mn101) was 
purified by flash chromatography on silica gel (5: 1 pentane/ether) to a pale yellow oil (0.80 g, 2.5 mmol): 
[cc]: -19.850 (c 5.91, CHCl3); [lit1 [a]: -17.10 (c 3.4, CHCl3)]. The remainder of the crude tosylate 

(15.3 g) in THF (135 mL) was added to a solution of sodium telhuide (containing polytellurides) at 
50-55 Oc prepared by reduction of elemental Te (0.610 g. 4.78 mmol) with rongalite (21.9 g, 142 mmol) 
and aqueous NaOH (142 II&, 1 M) in an argon atmosphere. A smaller volume of THF may he used without 

difficulty. After 3 h, the reaction was complete as indicated by thin layer chromatography.11 The reaction 
mixture was exposed to air and a stream of air was passed through it (0.5 h) to oxidize excess Tez- to Tee_ 
The elemental tellurium is removed by filtration through Celite followed by washing the filter pad with 
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ether. The ether and aqueous layers were separated and the latter was extracted with ether (2x25 mL). The 
combined ether extracts were dried (MgSO,& and the ether was removed to give a yellow oil that was 
purified by distillation (Kugelrohr, 30-35 Oc, 0.4 mm) to yield (+)-linalool as a colorless oil [6.75g. 43.8 
mmol, 97% based on (Izs. 3S)-epoxygeraniol corrected for the amount used to obtain a sample of purified 

epoxy tosylate.]: [a]g +17.010 (neat, corrected for density) [litlo(-)-linslool [a]: -17.040 (neat)]. 
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