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Abstract - The title compounds, 1 and l', are readily available 
in four steps from 2-benzyloxymeFhyl-2=propen-l-01, the key 
step being Sharpless asymmetric epoxidation to give the chiral 
epoxides 5 or S'. The total chemical yield of 1 or 1' is SO%, 
the final products being obtained essentially optically pure. 
By suitable protecting group manipulation, 
enantiomers can be produced from either of 
epoxides 5 or 5'. - 

As part of a larger synthetic project we required quantities of the title 

compounds 1 and 1'. In 1983, Williams and Anderson' published two routes to these 

both-title 
_ _ 

the antipodal 

enantiomers, one involving resolution of the racemate and the other employing 

Sharpless asymmetric epoxidation of 2-methyl-2-propen-l-01. The former procedure 

allowed isolation of the optically pure compounds, but only on a small scale (ca. - 
6 mg) while the latter route afforded, after several operations, material of cd. - 
85% enantiomeric excess (e.e.) in up to 10% overall chemical yield. - 

HO 

r 

Alcohol 1 is the immediate precursor of the (S)-aldehyde 2 which Williams and 

Anderson required' for a total synthesis of optically active bicyclomycin, and 

these authors pointed out that materials such as I. and 2 should represent 

convenient chiral "building blocks" for total synthesis. Earlier, Barner and 

Schmid' had obtained optically pure @)-ester 2 in larger quantities (starting 

with a resolution of the half-ester of 2-benzyloxy-2-methylmalonic acid) and had 

converted 3, by careful DIBAL reduction, to the antipode of 2 which was used in a 

total synthesis of a-tocopherol. 

Our own synthesis of the alcohols 1 and 1' is shown in Scheme 1. 
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Scheme 1 -- 

(a) (-)-DET,Ti(OtBu)4, tBuOOH,molecular sieves,CH2C12,75% yield (a') 

as for (a) but (+)-DET used (b) LAH,THF,82% (c) 2,2-dimethoxy- 

propane, CSA cat., 100% (d) H2,Pd(OH)2/C,pentane-EtOAc,82% (d') as 

for (d) but EtOH solvent,93% (e) t-BuMe2SlC1,DMAP,NEt3,CH2C12,100% 

(f) Bu4NF,THF,96%. 

The recently published3 modified version of the Sharpless asymmetric epoxidation 

reaction, which allows the use of catalytic amounts of titanium(W) alkoxide and 

the appropriate chlral tartrate ester, was the key to success. This procedure 

allowed isolation of the optically active epoxy-alcohols 2 and 5' (75% chemical 

yield) from the allylic alcohol 1. Epoxlde ring-scission (LAH) cleanly gave the 

crystalline mono-protected 1,2,3-trlols 2 or 5' which were quantitatively 

converted to the acetonides 7 or z', and final catalytic hydrogenolysis of the 

benzyl ether moieties furnished 1 or 1'. The total yield for four steps was SO%, 

all intermediates having spectral data in full accord with the proposed 

structures and the spectra of the final products closely matching the published 

data'. As for the optical purity of the final products, 'our synthetic samples of 

1 and 1' showed [IX], = +5.25 and -5.25O, respectively (c 0.3, CH2C12) these values 

being in excellent agreement with those reported for the optically pure materials 

obtained via resolution 
1 : +5.2 and -5.33 0 

- , respectively. 

The reaction sequences depicted in Scheme 1 underscore one of the great -- 
advantages of the Sharpless asymmetric epoxidation reaction, viz. that for a given - 

prochiral allylic alcohol both enantiomers of the corresponding chiral epoxy- 

alcohol are equally easily available, but it can also be seen that both 

enantiomers 1 and 1' - can be obtained at will from either of the chiral epoxides 

2 or 2'. This is illustrated by the sequence which transforms 5 to 1' via 8, 2 and 
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lo. Thus, selective protection of the primary hydroxyl of 2 as the TBDMS ether was 

followed by debensylation to 2. After acetonide formation, the silyl ether was 

cleaved to give &', identical in all respects with material synthesised from 2'. 

The total yield of 1’ by this six-step sequence from $_ was a pleasing 55%. 

The difficulties encountered by Williams and Anderson' lay in the epoxldation of 

2-methyl-2-propen-l-01, the antipodal epoxides of which could not be isolated. 

However, the newer asymmetric epoxidation technique used in the present work does 

allow the epoxide 11 (Scheme 2) to be isolated, - by careful kugelrohr distillation 

followed by flash chromatography, as an NMR-spectroscopically pure,colourless oil 

(". 50% chemical yield). The [a], value of the purified material obtained using 

(-)-DET as the chiral auxiliary was +10.62O (2 1.733, CH2C12) and the e. was 

determined by use of the chlral NMR-shift reagent Eu(tfcj3 on the corresponding 

acetate 12, a control experiment being first performed on the racemic acetate. As 

shown in FIG. &(a) the shift reagent induced a clean doubling of both types of 

methyl signal in the racemate, and by this technique the chiral epoxy-alcohol 11 - 

was shown to be of >95% e.e. (see FIG. l(b)). - 

MeA” a, Me5H b, Me3 
OAC 

I! ?? 
Scheme 2 -_ 

(a) (-)-DET,T~(O~P~)~, tBuOOH,molecular sieves,CH2C12, 47% yield 

(bl Ac20,pyridine, 100%. 

-0AC 

FIG. 1. - 

Highest-field portion of the 270 MHz 
recorded in the presence of Eu(tfc)3. 

1H NMR spectrum of 12 (C6D6) 

(a) Racemic 12 - (b) @)-(+1-g, e.e. >95%, - 

While epoxy-alcohol 11 or its antipode could - , 

procedure of Willi.ams and Anderson1 to give 1' 

of course,be subjected to the 

or &. respectively, or perhaps 

converted to the desired acetonides using Calvin's methodology4, we prefer the 

routes shown in Scheme 1 since the epoxides 2 and 5' are obtained in considerably 

higher chemical yields and are easier to handle. 
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EXPERIMENTAL 

'H NMR spectra were obtained at 270 MHz (Bruker WH-270) 
TMS (6=0) as internal standard unless otherwise stated. 
are used: s,singlet, d,doublet, t,trlplet, m,multiplet, 

using CDCl 
2 

as solvent and 
The follow ng abbreviations 
b,broad, J,coupling 

constant in Hz. LH spectra were run on a Perkin-Elmer 197 spectrophotometer and 
only the strongest/structurally most important peaks (wmax,cm'l) are listed. Mass 
spectra were run on a Finnigan 1020 GC/MS instrument. Optical rotations ,[alD 
were measured on a Perkin-Elmer 241 oolarimeter at the sodium D line and 
ambient temperature. Flash chromatography employed Merck silica gel 60 (230-400 
mesh). Methylene chloride,pyridine and triethylamine were distilled from calcium 
hydride immediately before use; tetrahydrofuran (THF) was distilled under nitrogen 
from sodium-benzophenone ketyl. 1M solutions of lithium aluminium hydride (LAH) 
and tetrabutylammonium fluoride in THF were purchased from Aldrich. Unless stated 
otherwise,reactions were run in septum-capped,flame- or oven-dried flasks under 
balloon pressure of argon,solvents,reactant solutions and liquid reagents being 
transferred via oven-dried (14OOC) syringes. - 

Epoxide 2: Activated 4A molecular sieves were powdered and slurried under argon 
in CH Cl (300 mg sieves in 50 ml). The stirred mixture was cooled to -10 C and a 
solutlon20f (-)-dlethyl tartrate (DET, 0.271g, 1.3mmol) in CH Cl was added, 
followed by Ti(O&-Bu)~ (0.34m1, lmmol) and t-BuOOH (7.6ml of 3 4?3M toluene 
solutlgn, 32.6mmol). The resultant mixture-was stirred at -1OOC for 15min,cooled 
to -45 C, and stirred during addition of allyllc alcohol 4 (2.34Og, 13.lmmol~ 
dl.~~~~~~~~;,~H~Cl~ (2ml). The reaction temperature was allowed to reach -20 C 

la k placed in the freezer overnight. Water (10ml) was then 
added and the resultant mixture stirred at RT for 30min and then cooled to O°C. 
Addition of 30% equeous NaOH saturated with NaCl (lml) yielded a mixture which 
was stirred at 0 C for 1Omin and then filtered through a Celite pad. The organic9 
were separated and the aqueous phase back-extracted with three lo-ml portions of 
CH,Cl,. The combined orsanics were dried over Na,SO. and the solvents removed to 
gi6e fin oil which was purified by flash chromatofira%hy1(80% ether/pentane). There 
was obtained 1.858g (74%) of 5 as a colourless oil. H NMR: 6 1.93 (lH, bs, -OH) 
2.75 (lH, d, J=4.5, epoxy) 2.91 (lH, d, J=4.5, epoxy) 3.66 (2H, AB-type m, J=ll) 
3.76 (lH, bd, J=13) 3.94 (lH, d, J=13) 4.57 (2H, AR-m, J=7.5, be=ylic) 7.16-7.40 
(5H, m, aromatic). IR: 3450(b) 3150, 3050, 2980, SOO, 2850, 1200, 1100, 920cm-l. 
MS: m/z 107(M-C,H,O, 60%) 91(100). 

[uj, +ll.o" (c i.867, CH2C1>. 

exlde I' was synthesised by the same 
auxiliary. The purified material showed 

rocedureo using (+)-DET as the chiral 
(c 1.200, CH2C12). 

Diol 6: To a stirred ice-cooled solution of 5 (O.O93g, 0.5mmol) in THF (6ml) -- 
under argon was added a solution 8f LAH in THF (0.18ml of lM, 0.18mmol). The 
reaction mixture was stirred at 0 C for 2h then quenched by careful addition of 
water (0.5ml). The precipitated aluminates were filtered off onto Celite and the 
filter-cake washed thoroughly with ether. Removal of solvents and flash 
chromatography (ether) affordedodiol 5 (O.O77g, 82%) as an oil which crystallised 
inlthe refrigerator. M.p. 29-30 C. 

H NMR: 1.15 (3H, s, Me) 3.43 (lH, d, J=9) 3.46 (lH, d, J=10.5) 3.51 (lH, d, J= 
9) 3.78 (lH, d, J=10.5) 4.56 (2H, s, benzylic) 7.26-7.42 (5H, m, aromatic). 
IR: 3400(b,vs) 3100, 3050, 2970, 2910, 2850, 1100(s). 
MS: m/z 196(M+, 1%) 165(3) 91(100). 

Cal D +6.53O (c 1.33, CH2C12). 

Dial 6' -- showed [a], -6.30' (c 0.87, CH2c12). 

Acetonide 7: Dlol 5 (0.070gr 0.4mmol) was dissolved with stirring in 2,2-di- 
methoxypropaze (3ml) and a catalytic amount of camphorsulphonic acid was added. 
The reaction mixture was stirred at RT for 3h and then filtered through a small 
plug of glass wool. The filtrate was diluted with ether (5ml) and the mixture re- 
filtered. Removal of solvents and flash1chromatography (20% ether/pentane) yielded 
the acetonide as an oil (O.O84g, 100%). H NMR: 1.33 (3H, s, Me) 1.38 (3H, s, 
acetonlde Me) 1.39 (3H, s, acetonide Me) 3.39 (LH, dd, J=8.9 and 0.9(long-range 
"W" coupling)) 3.44 (lH, d, J=8.9) 3.70 (lH, dd, J=9 and 0.9) 4.03 (lH, d, J=9) 
4.56 (2H, s, benzylic) 7.36 (5H, m, aromatic). 
IR: 3100, 3050, 2975, 2930, 2850, 1360, 1200, 1100. 
MS: m/z 236(M+, 2%) 221(M-Me, 6%) 178(2) 116(70) 92(100) 58(80). 

tal D -2.27O (c 0.67, CH2C12). 

Acetonide z: la], +2.30° (2 1.73, CH2C12). 
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(~)-(+)-2,2,4-Trimethyl-4-(hydroxymethyl)-1,3-dioxolaner~: Acetonide 1 (O.llOg, 
0.5 mmol) was dissolved with stirring in 9:l pentane/ethyl acetate (10ml) and 
Pd(OH) /C (15mg) was added. The reaction vess;l was eva&ated (aspirator) and then 
flushea with argon via a three-way stopcock. 
evacuated and flushedwith H 

The flask was then alternately 
several times and finally placed under balloon 

pressure of hydrogen. The re ction was complete (TLC) after 3h at RT. The reaction a 
vessel was then evacuated and flushed with argon and the mixture filtered through 
a pad of Celite. The filter-cake was wal(hed thrice with ether and the combined 
filtrate and washings concentrated at 0 C to minimise loss of the volatile 
product. The residue was purified by flash chromatography (66% ether/pentane) to 
lyield the title compound as a clear, colourless oil (O.OSdg, 82%). 
H NMR: 1.29 (3H, s, Me) 1.42 (3H, s, acetonfde Me) 1.43 (3Ii, s, acetonide Me) 1.85 

-OH] 3.50 (ZH, bAB-m, J=13 -CH OH) 3.74 (lH, d, 5=8.51 3.98 (IH, d,J=8.5) 
!?3:$b,g) 2975, 2925,285O 138; l&J 1060 
MS: m/z 131 (M-Me, 58%) llS(55; 97(4;)) 71(65) Sj(lOO). 

La1 D +5.2S" (2 0.30, CH2C12). $&. +5.2O (2 0.5, CH2C12, see ref. 1). 

The (g)-(-)-enantiomer, I', showed [afD -5.25O (5 0.30, CH2C12) 

Silyl ether S: To a stirred ice-cooled solution of 5 (0.312g, 1.6mmol) in CH2CL2 
(1Oml) was added 4-dimethylaminopyridine (O.OlOgb and triethylamine (0.23m1, 
1.7mmol). The resultant mixture was stirred at 0 C for 1Omin before addition of 
s-butyldimethylsflyl chloride (0,4OOg, 2.6mmolf. The reaction mixture was allowed 
to reach RT, stirred overnight, and poured into water/CH C12. The layers were 
separated and the aqueous phase extracted once with CH,C~,. The combined organics 
were washed with NH4Cl(aq.) and then dried over Na SO . Removal of solvent and 
lflash chromatography yielded g as an oil (0.491g, 21ob%). 
H NMR: 0.06 (6H, s, -SiMe2) 0.90 (9H, s, ;-Bu) 1.17 (3H, s, Met 2.5811H, bs, -OH) 
3.38 (ZH, AS-m, J=Q) 3.53 (2H, AB-m, J=9.5) 4.56 (ZH, s1 benzylic) 7.31 (SH, mr 
aromatic).- 

- 

XR: 3450(b) 3100, 3050, 3025, 2950, 2925, 2850, llOO(s, -O-Sit. 
MS: m/z 253(M - $-Bu, 1%) 161(5) 146(45) 92(85) 76(100) 59(78). 

rfJ10 +1.22' (c 1.80, CH2C12). 
Dfol 9: The silyl ether 8 (0.4459, -- 1.4mmol) was dissolved in abs. EtOH and 

hydrogenolysis of the benzyl ether was carried out as described for compounds 7 
and 1'. The usual work-up was followed by flash chromatography (60% ether/pen&e) 
to yield 9 as a viscous oil (0.293g, 93%). 
'H NMR: 0.10 (6H, s, 
m, J=lO and 11). 

-SiMe21 0.92 f9H, s, t-Bu) 1.11 (3H, s, Me) 3.56 (4H, two @- 

IR: 3400(b, vs) 2950, 2925, 2850, 1100(s). 
MS: m/z 145(M - &-Bu and H20, 50%) 76(100). 

[a], -1.28O (2 1.33, CH2C12). 

Acetonide x: The procedure described for the preparation of acetonides 7 and 1' 
was followed. 
oil. 

From 0.27Og (1.2mmol) of 2 was obtained 0.32Og (100%) of 10 as an - 

1H NMR: 0.05 (6H, s, -SiMe ) 0.89 (QH, s, t-W) 1.28 (3H, s, Me) 1.39 (6H, bs, 
acetonide Me) 3.39 (lH, d8, J=10 and 1, 
dd, J=9 and 1) 4.04 (lH, d, J=9). 

"En coupling) 3.54 (lH, d, J=lO) 3.64 (lH, 

IR: 2975, 2950, 2925, 2850, 1260, 1200, 1100. 
MS: m/z 245(M - Me, 3%) 203(M - g-Bu, 1) 185(101 146(55) 116(65) 75(100) 59(83). 

bl f) +1.63O (c 1.60, CH2C12). 

(~~-~-~-2,2,4-Trimethyl-4-~hydrox~ethyl)-l,3-dioxola~e, I': Acetonide 10 
(0.268g, l.&nmol) was dissolved with stirring in THF (10ml). The solution<as 
cooled to 0 C and a solution of tetrabutyla~oni~ fluoride in THF (1.5ml of lM, 
l.Smmol) was added dropwise. The reaction mixture was allowed to warm UD to RT 
and then stirred for 2h. After dilution with ether, the mixture was washed-with 
water and the organics dried over Na SO . Removal of solvents and flash 
chromatography yielded the title corn $oudd as an oil fO.lZQg, 96%) which was 
identical in all respects with the material synthesised from epoxide 5'. 

Epoxide 11: The general procedure described for the synthesis of 5 and 5' was 
followed. Thus 2-methyl-2-propen-f-01 was epoxidised usinq (-)-DET as thechiral 
auxiliary in conjunction with Ti(Oi-Pr) 
theosolution was allowed to stir for te It" 

After admixfjure-of all the reactants, 
hours at -45 C before being warmed to 

-20 C. The reaction vessel was then sealed and placed in the freezer overnight. 
After the usual woxk-up, the oily residue was purified first by kugelrohr 
distillation and then by flash chromatography (50% to 80% gradient of ether/ 
pentane). From l.OOOg (13.Qmmol) of 2-methyl-2-propen-l-ol there was obtained 
0.57Og (47%) of pure epoxide 11 as a colourlesa, 
crude epoxide fs. 80% purityrwas 70%. 

volatile oil. The yield of 

1~ Nt4R (after D20 shake): 1.38 (3H, s, Me?) 2.67 (lH, d, J=4.9, epoxy) 2.93 IlH, d, 
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J=4.9, epoxy) 3.68 (ZH, AB-m, J=13). 
IR: 3400(b) 2975, 2925, TiTSO, 1210, 890. 
MS: m/z 73(M - Me, 15%) 59(100). 

~~lDN~~o~~~~y~~s',:':h,'~af:a:, 12 
This material was shown to be >95% optically pure 

infra and FIG. 1). 
_, using the chiral shift reagent Eu(tfc13 (vide 

Acetate 12: The epoxy-alcohol 11 (O.O88g, l.Ommol) was dissolved in pyridine 
(lml) ze solution cooled toO"C. Acetic anhvdride (0.13ml. 1.4mmoll was 
added and the resultant mixture stirred overnight at RT: The reaction mixture was 
then diluted with ether (15ml) and the pyridine removed by washing with three 5-ml 
portions of dilute aqueous CuSO solution. The ethereal phase was then washed 
once with water and once with b!ine and dried over Na SO . Removal of solvent and 
flash chromatography yielded 0.13Og (100%) of the ace at 8 212asanoil. 

1~ NMR: 1.39 (3H, s, Me) 2.10 (3H, s, acetate Me) 2.68 (lH,?, J=4, epoxy) 2.79 
(IH, d, J=4, epoxy) 3.98 (lH, d, J=12) 4.27 (lH, d, J=12). 
IR: 3000, 2950, 1740(s) 1240(s). 
MS: m/z 115(1%) lOO(20) 87(10) 72(70) 58(100). 

Cal, +4.59 (c 2.270, CH2C12). 

This material was chromatographically and spectroscopically identical to a sample 
of racemic material prepared by mCPBA epoxidation of the acetate of 2-methyl-2- 
propen-l-01. 
The racemic acetate was then examined by 

1 

the chiral shift reagent Eu(tfc) . 
H NMR (C6D6 solution) in the presence of 

The shift reagent induced a doubling of all 
sets of protons, the shift diffeaences being greatest for the two methyl groups 
(see FIG. l(a)). When the optically active epoxy-acetate 12 was examined in the 
same way, only one set of signals could be observed. We eSfimate that 5% of the 
minor enantiomer, if present, could easily have been detected. 
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