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Al&ract---The [2,3]-Wittig rearrangement of properly designated (E)- and (Z)-crotyl propargyl ether 
system has been shown to exhibit a remarkably high degree of three- and erythro-selection, respectively, 
and the stereochemical outcomes are discussed on mechanistic grounds. Some useful transformations of 
the rearrangement product are also described within the context of the formal total synthesis of 
(+)-oudemansin. Further, the high level of diastereoselection is maintained in the reaction of the 
a-methylcrotyl counterparts, together with the exclusive formation of the (E)-olelinic bond. 

The greatest effort in the area of acyclic stereocontrol 
has been devoted to the development of meth- 
odologies for diastereoselective synthesis of /?-methyl 
alcohols, an important class of compounds for natu- 
ral product synthesis. The aldol-type reactions using 
properly designed enolates and allylic or- 
ganometallics have reached impressive levels of suc- 
cess.’ In principle, on the other hand, the [2,3J-Wittig 
sigmatropic rearrangement as formulated in eqn (1) 
should constitute a general alternative strategy. How- 
ever, there has existed no [2,3]-Wittig variant which 
exhibits a synthetically useful level of di- 
astereoselection except for one case: the Wittig pro- 
cess of (Z)-crotyl benzyl ether showing nearly 100% 
oferythro-selectivity.*Themajor problemconfronting 
the implementation of such strategy is, of course, 
associated with the stereochemical aspect of the 
[2,3]-Wittig process which remains largely un- 
explored.3 
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Over the past few years we have been directing 
considerable effort toward the development of the 
[2,3]-Wittig rearrangement into a new, basic strategy 
for acyclic stereocontrol.” Recently we described the 
stereoselection in several [2,3]-Wittig variants of cro- 
tyl ally1 ether systems (l), where various vinylic 
groups act as the substituent (R) on the carbanion 
terminus (Scheme 1).6 Although the observed degrees 
in these variants are only 7045% and not high 
enough for synthetic use+ we observed a significant 
stereochemical trend: the (E)- Md (Z)-substrate ex- 
hibit threo- and erythro-selection, respectioely, the 
degrees depending upon the kind of R. Thus, our 
attention was focused on search for the key R leading 
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to an enhanced selectivity based on pertinent analysis 
of our transition-state model.@ Herein we report that 
the use of mod$ed ethynyl group as the key R 
remarkably enhances the level of diastereoselection.’ 
The significant features of the present variant of 
crotyl propargyl ether system (2) are twofold: (a) it is 
possible to attain an extremely high level of either 
diastereoselection through the proper combination of 
the geometry with the ethynyl group in substrate 
employed, and (b) the rearrangement product pos- 
sesses the unique multifunctionality equipped for 
further synthetic elaboration. The latter feature is 
now highlighted in the formal total synthesis of 
( f )-oudemansin. 

RESULTS AND DISCUSSION 

[2,3]- Wittig rearrangement of cro~yl propargyl ether 
system 

At the outset, we anticipated that the use of ethynyl 
group as the key R could provide a higher di- 
astereoselectivity than that of vinyl group based on 
the following considerations of the transition-state 
geometries. In the case of @)-substrates, for instance, 
the pseudo-gauche repulsion between R and CH, in 
the preferred T, (relative to T2 suffering the pseudo- 
1,3diaxial repulsion between R and H,) would be 
diminished by changing R from vinyl to ethynyl, thus 
leading to an enhanced three-selectivity (Scheme 2). 

Thus, we selected the geometric pairs of the three 
propargyl ether systems @a, Zb and 2.e) as substrates, 
and examined the diastereoselection in their rear- 
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rangexnents (eqn (2)). The propargyl ether k (X = H) 
was readily prepared by reaction of a geometrically- 
defined crotyl alcohol with propargyl bromide using 
the phase-transfer technique. The silylated ether 2b 
(X = SiMe,) and the methylated ether 2c (X = CH,) 
were prepared from the corresponding 2a on succes- 
sive treatment with ethylmagnesium bromide and 
chlorotrimethylsilane or iodomethane, respectively. 

Erythro-2 Threo -1 

g,X:H :b,X=SiMej;c,X.CH) 

The carbanion r earrangement of these substrates 
was carried out under the standard conditions as 
follows. A commercial solution of butyllithium in 
hexane was added to a substrate solution in THF 
(1.0 ml/l.0 mmol) at -85”, and stirred at that tem- 
perature for several hours. The resulting mixture was 
allowed to warm to 0” and quenched with aqueous 
ammonium chloride. Usual extractive workup fol- 
lowed by distillation afforded a diastereomeric mix- 
ture of the corresponding [2,3]-shifted product (3). In 
the rearrangement of ZP, two equivalents of butyl- 
lithium was required. In the case of Zb, on the other 
hand, the rearranged mixture was directly proto- 
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desilylated to 3~ with cesium fluoride (0.03 equiv) in 
aqueous methanol. The diastereomeric ratio for these 
products was determined by GC analysis (PEG 20 M) 
and/or NMR analysis with the aid of a NMR shift 
reagent. The stereochemistry of these diastereomers 
was unequivocally assigned through NMR and GC 
comparisons of their hydrogenation products (4) with 
an authentic threo-isomer and/or an authentic 
erythro-rich mixture independently prepared as de- 
picted in Scheme 3. Three-4a was prepared by reac- 
tion of rrons-3+epoxybutane with lithium dimeth- 
ylcuprate. The erythro-rich 4n and 4h were obtained 
by reaction of 2-methylbutanal with ethyl or propyl 
Grignard reagent, respectively: where the stereo- 
chemistry of the major diastereomer can be predicted 
by the Cram’s rule.9 The erythro/threo ratios thus 
obtained are summarized in Table 1. 

Inspection of the data in Table 1 reveals several 
significant stereochemical features of the present 
modifications. (1) (E)-2a exhibits an extremely high 
rhreo-selectivity as expected, whereas (Z)-Za shows a 
comparable erythro-selectivity to that of the ally1 
counterpart (la). (2) Of the most significance is the 
remarkable enhancement of erythro-selectivity by the 
introduction of the silyl group (entry 3); surprisingly 
enough, the observed degree slightly exceeds the 
geometric purity of the substrate used. (3) Un- 
expectedly, (E)-2h shows the opposite sense of stereo- 
selection to that of (E)-2a and -2c, though the degree 
is moderate; this anomaly is apparently responsible 
for the exceedingly high erythro-selectivity observed 

Table I. Diastereoselection in the (2,3]-Wittig process of ether 2 

Substrate Distilled yield 

Entry (gecwtric purity)% Erythro : Thre& (GC yield) 

1 (Z)-2a. X-H (98%) -w 88 : 12 (90 : 10) 56% (76%) 

2 (E)-2a (93%) -... 7 : 93 ( 1 : 99) 72% 

3 (Z)-p. x=siHe3 (93%) 98 : 2 (100 : 0) 74% 

4 @)-D (93%) 75 : 25 (73 : 27) 72% 

5 (I)&, X'CH3 (98%) 98 : 2 (100 : 0) 55% (74%) 

6 (E)-2_c (93%) 8 : 92 (1 : 99) 65% (78%) 
____________________-______________________________________________________ 

7c (1)-b, R-CH=CH2 (95%) (92 : 8) 88% 

c (Q-l& (93%) (16 : 84) 81% 

a Refers to the geometric purity of the starting crotyl alcohol. 

b Values in parenthesesrefer to the calculated values based on lW% of 

geolaetric purity. 4 Not optimized yet. 4 Clted from ref 6a. 
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with (Z)-2b. (4) (Z> and (EQc exhibit an enhanced 
erythro- and three-selectivity, respectively; the both 
degrees are nearly equal to the geometric purities of 
the substrates employed. 

While these stereochemical features have obvious 
applications in synthesis, let us discuss them on 
mechanistic grounds. The increased rhreo-selectivity 
of (E)-2a and -2e is explicable in terms of the 
decreased gauche-repulsion in the preferred transi- 
tion state (T,) as expected above (Scheme 2). The 
great enhancement of erythro-selectivity by the intro- 
duction of the silyl group can be rationalized in terms 
of the increased 1,3-repulsion of R-H, relative to 
that for (Z>2a (Scheme 4). A similar argument could 
be extended to account for the enhanced erythro- 
selectivity observed with (Z)-2e. On the other hand, 
the unusual erythro-selection observed in entry 4 is 
best explained by assuming that the gauche-repulsion 
of RerCH, in T, prevails over the 1,3-repulsion of 
R-H, in T,, thus leading to erythro-selection 
(Scheme 2). 

The degrees of control over the relative stereo- 
chemistry of the /I-methyl alcohol unit enormously 
expand the potential of the present [2,3]-Wittig 
modifications and provide the synthetic chemist with 
a new, powerful tool with which to attack the current 
problem of acyclic stereocontrol. The ability to attain 
an extremely high degree of either diastereoselectivity 
and the simplicity of the procedure, coupled with the 
specific functionality pattern present in the product, 
place the present [2,3]-Wittig methodology in a 
unique position among methods for acyclic stereo- 
control. 

Application IO the formal total synthesis of 
( f )-ouakmansin 

In order to illustrate the synthetic utility of the 
newly developed [2,3]-Wittig variant, our efforts were 
next directed toward the total synthesis of oudeman- 

sin (!I), an antibiotic isolated from mycelial cultures 
of Ou&marr.riella mucida exhibiting strong antifungal 
activities.‘0 To this end, we have now investigated the 
stereocontrolled transformation of erythro-3a ob- 
tained above to ester 6 which has recently been 
established as an excellent precurso r of (f>S in the 
first total synthesis by Oishi et al.” The precursor 6 

contains an (E)-styril and erythro-CH(OMeF 
CH(Me> units in its structure. Scheme 5 outlines the 
synthetic sequence in which the specific multi- 
functionality of 3a is fully exploited.‘2 

Thus, 34 (98% erythro) obtained from (Z>2h was 
first converted to alcohol 7 in 80% yield according to 
the Hagiwara’s method” reported for palladium 
catalysed phenylation of acetylenes. We found that 
ultrasonic irradiation on the reaction vessel facili- 
tated the phenylation process. The reaction was 
proved to proceed without appreciable epimerisation, 
while a similar reaction of the methyl ether of 3r led 
to epimerisation to some extents. Reduction of 7 with 
lithium alminum hydride gave the (E)-cinnamylic 
alcohol 814 which was converted to the methyl ether 
9 (64% overall yield from 7). Hydroboration of 9 with 
9-BBN (9-borabicyclo[3.3. llnonane) followed by ox- 
idation afforded 68% yield of the methoxy alcohol 10 
with 93% of erythro-purity (by NMR assay). The use 
of diborane in place of 9-BBN resulted in consid- 
erable epimerisation (co 30%). Oxidation of 10 to acid 
11 followed by ester&cation furnished the desired 
ester 6 in 68% yield. Since 6 has been converted to 5 
in two steps,” the present synthesis of (k-6 consti- 
tutes a new formal total synthesis of 
(+)-oudemansin. 

[2,3]- Wittig rearrangement of a-methylcrotyl pro- 
pargyl ether system 

In order to expand the scope of synthetic utility of 
the highly diastereoselective [2,3]-Wittig 
modifications, we further examined the stereo- 
selection in the synthetically more interesting variants 
(12) involving a-methylcrotyl as the migrating allylic 
moiety, in which an additional problem of stereo- 

Erythro- &j &,R.H 
s,R.CH, 

,,+OH !. p,~,,, 9- (‘)- 5 

CH3 CH3 

10 11 - 



2306 K. MIKAMI er al. 

selectivity arises concerning the newly formed double 
bond (E/Z) (eqn (3)). We first found that the car- 
banion rearrangement of (E)-120 (X = H) under the 
standard conditions exhibited 88% three-selectivity, 
together with the exclusive formation of the (E)-double 
bond in either diastereomer (by IR and 13C NMR 
analysis). The use of THF alone as the solvent 
increased the rhreo-selectivity to 91%, although the 
degree is still lower than that observed with (E)-h. 
In contrast, the rearrangement of (Z)-12b 
(X = SiMe,) in THF alone was found to exhibit an 
extremely high erylhro-selectivity which is essentially 
the same as that observed with (Z)-2b. Again the 
double bond in the product possesses exclusively E 
geometry. 

CH3cCH3 - *\ 
(Q-or WI& 

CH3wCH3 CH3wCH3 

(I$Erythro-13 (Q-Three-13 

(E)-12a X-H (99% r) - 4 9 : 91 

(12 : 88)’ 

(I)-2, X=Sik3 (97% I) 99 : 1 

* In THF/hexane (1 : 1) 

Finally, it is worthwhile to note that hydrogenation 
of (E)-eryrhro-13 thus obtained afforded erythro4 
methyl-3-heptanol(14) of which the (3$4S>isomer is 
known as an aggregation pheromone of the smaller 
European elm bark beetle (Scolytus multistriatus).“*‘6 
Quite recently, we have found that an asymmetric 
version using (S)-(Z)-12b (98% ee) as the substrate 
proceeds with an extremely high enantiospecificity, 
eventually furnishing an optically active phermone 
(3S,4S)-( -)-14 (98% ee) (eqn (4)).” The result of the 
asymmetric [2,3]-Wittig rearrangement will be re- 
ported shortly. 

CH3p_cH3 t2,3lW~l1~g = H>/Ra-NI , 

0. SiMe3 
(Sk(Z)-12b ,.,\\CH, 

- 

> 
(4) 
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EXPERIMENTAL 

B.ps are uncorrected. IR spectra were recorded on a 
JASCO A-102 spectrometer. NMR spectra were taken on a 
Varian EM-390 scectrometer and are reported in uum down 
field from internal TMS. GC analyses were run on a 
Shimazu GC-3BT chromatoaraoh bv usine helium as the 
carrier gas (I kg/cm*) and a 3-m; x j m c&mn (20”/, PEG 
20 M on Chromosorb W (60-80 mesh)) at the indicated 
temp. THF was dried by distillation from LAH immediately 
prior to use. All reactions involving organometallic reagents 

were performed under an inert atmosphere. BuLi was used 
as a soln in hexane (ca I .3 M) purchased from Ventron Co. 
The term “usual workup”, which is used in the following 
experimental section, refers to the following product iso- 
lation proczdure: dilution of the reaction mixture with ether 
and water, successive extraction with ether and brine; 
treatment of the organic extracts with anhyd MgSO,; and 
the solvent removal under reduced pressure. The term 
“chemical purity” stands for the freedom of a stereoisomeric 
mixture of the indicated compound from contaminants. 

Crotyl propargyl ether (2s). Propargyl bromide (45.0 g. 
0.38 mol) was added dropwise to a rigorously stirred mix- 
ture of crotyl alcohol (93% E by GC assay) (21.0 g, 
0.29 mol), n-Bu,NHSO, (5.5 g. 0.015 mol), NaOH (46.0 g. 
I. 17 mol), and water (I 5 ml) at 20-30”. and the resulting 
mixture was stirred overnight at room temp. The solid 
formed was filtered off. Usual workup of the filtrate fol- 
lowed by distillation gave ether (E)-2a (28.3 g, 88%): b.p. 
65-67”/58 mmHg (>95% chemical purity by GC assay); IR 
(neat) 3300, 2110, 1675, 1110, 970cn-I; NMR (Ccl,) 6 
1.77 (d, J = 6.0 Hz, 3H), 2.27 (t, J = 4.5 Hz, IH), 3.90 (d, 
J = 6.0 Hz, 2H), 4.03 (d, J = 4.5 Hz, 2H), 5.30-5.90 (m, 2H). 

A similar reaction of crotyl alcohol (98% 2) (43 mmol) 
with propargyl bromide (56 mmol) gave (Z)-zp (3.6 g, 76%): 
b.p. 6@66”/50 mmHa ( > 95X chemical muitv bv GC as- 
say); NMR (CCl,) 2 ‘1.73 ‘(;1, J = 6.0 I& jH): 2.37 (1. 
J=3.0Hz, IH), 3.97-5.23 (m, 4H), 5.27-5.83 (m, 2H). 

Crotyl y-trimethylsilylpropargyl ether (2b). To a soln of 
EtMgBr (0. I5 mol) in THF (100 ml) was added a soln of the 
(Z)-29 (I l.Og, O.lOmol) in THF (50ml) at O-5” with 
stirring, and the mixture was stirred for 3 hr at 20-25”. 
Chlorotrimethylsilane ( I9 ml, 0. I5 mol) was added dropwise 
lo the resulting mixture at O-5” over 20 min. and stir& at 
20-25” for IO hr. Usual workuo followed bv distillation Pave 
the silylated ether (Z)-ZJJ (16.5-g, 90”/,): b& 65-68”/3 m;Ha 
(98% chemical purity by GC &say)iIR ineat) 2160, 1256 
840. 760. 7OOcm-‘: NMR (Ccl.) 6 0.18 Is. 9HI. 1.66 (d. 
J = 5.4 Hz, 3H), 4:OO (s, 21I), 2.03 (d. i = 4.i&, 2I$; 
5.23-5.82 (m, 2H). 

A similar reaction of the (E)-2a with Me,SiCI gave (E)-2b 
(5.77 g, 90”/,): b.p. 107-I I I”/35 mmHg (~95% chemical 
purity by GC assay); NMR (Ccl,) 6 0.07 (s, 9H), 1.63 (d, 
J = 5.4H2, 3H), 3.90 (d, J = 5.7 Hz, 2H), 4.03 (s, ZH), 
5.23-5.82 (m, 2H). 

Crotyl 2:bufynyl ether (2~). A soln of the (E)A (25.3 g, 
0.23 mol) in THF (65 ml) was treated with a soln of EtMgBr 
(0.39 mol) in THF (80 ml) in the predescribed manner. To 
the resulting mixture was added a soln of CH,I (24.3 ml, 
0.39 mol) in THF (95 ml) at &5” over 30 min, and refluxed 
for 3 hr. Usual workup followed by distillation afforded 
(E)-2c (24.0 g, 84%): b.p. I 12-l 15”/80 mmHg (> 95% chem- 
ical purity by GC assay); IR (neat) 2230, 1675, 1100, 1140, 
1070, 970cn-‘; NMR (Ccl,) 6 1.73 (d, J = 6.0H7., 3H), 
1.82 (1, J = 3.0 HI 3H), 3.80-4.13 (m, 4H), 5.27-5.93 (m, 
2H). 

A similar reaction of the (Z)-2n with CH,I gave (Z)-k 
(1.7 g, 81%): b.p. 50-56”jlO mmHg (> 95% chemical purity 
by GC assay); NMR (Ccl,) 6 1.67 (d, J = 6.0 Hz, 3H), 1.83 
(1. J = 3.0 Hz, 3H), 3.90-4.17 (m, 4H), 5.27-5.83 (m, 2H). 

Reurrangement of(E)- and (Z)-28. A soln of n-BuLi in 
hexane (I 60 ml, 208 mmol) was added dropwise lo a cold 
(-85°C) soln of the (E)-2~ (8.80 g, 80.0 mmol) (in an 
EtOH/liquid Nddry icebath). The resulting mixture was 
stirred at that temp for 8 hr, allowed to warm lo 0” (ca 5 hr), 
and quenched with saturated NH&l (50 ml). Usual workup 
followed by distillation afforded a diastereomeric mixture of 
the rearranged alcohol 31 (6.32g. 72%) as an oil: b.p. 
52-53”/lOmmHg; IR (neat) 3500, 3300, 1645, 1000, 
92Ocm-‘; NMR (Ccl,) 6 l.lO(d, J = 7.2 Hz, 3H), 2.10-2.63 
(m. IH), 2.32 (d, J=2.3Hz, IH), 4.13 (dd, J = 5.4 and 
2.3 Hz, IH), 4.97-5.28 (m. 2H), 5.82 (ddd, J = 17.3, IO.1 and 
7.5 Hz, IH); GC (130”) 1, = 25 and 28 min (7:93). On 
addition of Eu(fod), (8 mg) to solution of 3a in Ccl, (7.6 mg 
in 0.3 ml) the doublet at 6 I.10 was changed into the two 
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doublets at S 1.88 and 2.13 (relative intensity = 1: 13); the doublet at S 4.43 (J = 6.0 Hz) due to the carbinol proton for 
NMR ratio was identical with the GC ratio. threo-7. 

A similar rearrangement of the (Z)-2a (8nnnol) with 
n-BuLi (20 nnnol) alforded a diastereomeric mixture of 1 
(0.49 g, 56%): b.p. 60-62”/15 nunHg; GC (130”) t, = 25 and 
28 min (88: 12). 

The structure (two-dimensional) of alcohol 3a was 
confirmed by identity of its hydrogenation product (4a) with 
an authentic sample described below. 

Rearrangement of(E)- and (Zbzb. A soln of the (Zh2b 
(9. I2 g, 50.0 mmol) in THF (50 ml) was treated with n-BuLi 
(50ml. 6O.Ommol) in the predescribed manner. To the 
resulting mixture was added a mixture of CsF (0.25g. 
I .67 mmol), H,O (2.7 ml) and MeOH (4.65 ml), and the 
mixture was heated at 50” for 15 min. Usual workup 
followed by distillation gave a diastereomeric mixture of 3a 
(5.5 g, 74%): GC (I 30”) t, = 25 and 28 min (98 : 2). A similar 
reaction of the (Ek2b gave a stereo-mixture of 30 (3.7 g, 
72%): GC (130”) 1, = 25 and 28 min (75: 25). 

Reduction of afcohol 7. A soln of 7 (5.42 g, 29 mmol) in 
THF (20 ml) was added to a suspension of LiAIH, (0.80 g, 
21.0 mmol) in THF (30 ml) at 0”. and refluxed for 3 hr. The 
resulting mixture was poured to saturated NaSO,. Usual 
workup-gave 8 (4.37 g,-80%) as an oil which was used next 
sten without nurification: NMR (CDCl,) S 1.02 (d. 
J~6.3Hz,323)~2.10-2.60(m, IH),2.93(br.s~IH),4.04(dd; 
J =6.0Hz, IH), 5.00 (d, J = 12.3 Hz IH), 5.03 (d, 
J= 15.3Hz,IH),5.606.27(m,2H),6.50(d,J= 16.2Hz,lH), 
7.00-7.47 (m, 5H). The NMR spectrum was essentially 
identical with that of an eryrhro-rich (700/, erythro) of 8 
obtained via the [2,3]-Wittig process of (Z)-crotyl (E)-cinn- 
amyl ether.66.‘4 

Rearrangement of(E)- and (Z)-2c. Treatment of a soln of 
the (E)-2c (0.63 g, 5.0 mmol) in THF (5.4 ml) with n-BuLi 
(5.4m1, 6.5mmol) in the predescribed manner afforded a 
distereomeric mixture of the rearranged alcohol 3e (0.41 g, 
65%): b.p. 62-67”/7 mmHg; IR (neat) 3360,2230, 1640,995, 
915cm’; NMR (CC&) S 1.05 (d, J=6.8Hz, 3H), 1.83 (d, 
J = 2.3 Hz, 3H), 2.35 (ddq, J = 7.5, 6.8, and 5.7 HI IH), 
4.10 (dd, J = 5.7 and 2.3 Hz, IH), 4.87-5.30 (m, 2H), 5.81 
(ddd, J = 18.0, 9.9, and 7.5 Hg, IH); GC (120”) t, = 48 and 
54 min (8: 92). A similar treatment of the (Z)-2c (I .O mmol) 
with n-BuLi (I.1 mmol) gave, after distillation, a stereo- 
mixture of 3c (0.07 g. 55%): GC (120”) 1, = 48 and 54 min 
(98: 2). 

Methylation of alcohol 8. A soln of 8 (3.47 g, 18.4 mmol) 
in THF (I 0 ml) was added to a suspension of_NaH (0.97 g, 
20.2 mmol) in THF (40 ml). and refluxed for 3 hr. To the 
resulting mixture was added CH,I (4ml) at 5-10”. and 
stirred overnight at 20-25”. After usual workup, the oily 
residue was chromatographed on silica gel to give the 
methyl ether 9 (3.01 g, 80%) as an oil which was subjected 
to the next step without further purification: IR (neat) 1100, 
970, 750, 7OOcm-‘; NMR (Ccl,) S 1.05 (d, J = 6.3 Hz, 
CH,), 3.27 (s, OCH,), 6.50 (d, J = 15.0 Hz, PhCH = CH-). 

Transformation of ether 9 to the methoxy alcohol 10. To 
a soln of 9 (0.654 g, 3.23 mmol) in THF (I 5 ml) was added 
9-BBN (7 ml of a 0.5 M soln in THF) at 0” over 30 min, and 
the mixture was stirred for additional I.5 hr. Then the 
resulting mixture was treated successively with 3N NaOH 
(1.16ml) and 30”/, H202 (1.16ml) at 510”. Usual workup 
followed by column chromatography (silica gel, 

The structure (two-dimensional) of 3e was confirmed by 
identity of its hydrogenation product (4c) with an authentic 
sample described below. 

Preparation of authentic three-4a and erythro-rich mix- 
tures of 4a and 4~. Reaction of rrans-3+epoxyhexane 
(20 mmol) with an excess of dimethyllithium cuprate via the 
standard procedure afforded three-4P (76%): b.p. 
45-46/10 mmHg; IR (neat) 3350, 1 lo0 cm-‘; NMR (CC],) 
S 0.7-1.14 (m, 9H), 1.14-1.60 (m. 5H), 2.10 (s, IH), 3.30 (dt, 
J = 8.4 and 4.2 Hz, IH); GC (100”) 1, = 29.8 min (>90% 
chemical purity). 

Et@-hexane- (I : I)) gave 10 (0.484 g: 68%) as an oil: iR, 
(neat) 3400. 1650. 1600. 1080.970cn-‘: NMR (Ccl.) S 0.93 
(d. J’= 6.3 Hz, 3H), 1.10-2.10 (m, 3H), 3.20 and 3127 (2s. 
0.2lH and 2.79H (7:93)), 3.27-3.83 (m. 4H), 6.07 (dd, 
J = 16.2 and 9.0Hz, IH), 6.50 (d, J = l6.2Hz, IH), 
7.00-7.50 (m. 5H). The use of diborane in place of 9-BBN 
afforded 33% of a stereomixture of 10 for which the 
erythro-three ratio was found to be 2: I (by NMR assay). 

Reaction of 2-methylbutanal(25 mmol) with EtMgBr via 
the standard procedure* gave a diastereomeric mixture of 4a 
(77%): b.p. 4@46”/10 mmHg lit& 57-59”/15 nnnHg); NMR 
(Ccl,) S 0.71-1.14 (m. 9H), 1.14-1.60 (m, 5H), 1.58 (s, IH), 
3.13-3.50 (m. IH). On decoupling of the multiplet at S 
1.14-1.60 the multiplet at S 3.13350 was changed to the 
IWO singlet at 6 3.30 and 3.35 (rel. intensity = 34:66); GC 
(loo”) t, = 28.8 (major) and 29.8 (minor). A similar reaction 
of 2-methylbutanal with n-PrMgB? afforded a di- 
astereomeric mixture of 4c (94%): b.p. 8386”/30mmHg; 
GC (80”) t, = 64 (major) and 67 (minor); erythro- 
three = 66134 (by NMR assay). 

Phenylarion of alcohol 3s. To a mixture of the erythro3a 
(98% erythro) (2.75 g, 25.0 mmol), iodobenzene (4.20 ml, 
37.5 mmol), and diethylamine (60 ml) were successively ad- 
ded (Ph,P),PdCI, (0.35 g, 0.50 nnnol) and CuI (0.025 g, 
0.25 mmol). The resulting mixture was stirred at 50” for 
IO hr with ultrasonic irradiation (using an ultrasonic 
cleaner: Bransonic model 220, 5OHz, 185W). The solid 
formed was filtered off and the filtrate was concentrated in 
vacua. The oily residue was chromatographated on silica gel 
(elution with 50X ether in hexane) gave the phenylated 
product 7 (3.71 g; 800/,) as a colorless iI (> 95%~erythro by 
NMR assay): IR (neat) 3350. 1640. 1600. 1490. 1445. 1000. 
915, 755, &%cm’i; NMR &Da;) S I:18 (d; J=6.9Hz. 
3H), 2.00 (brs, IH), 2.3&2,77 (m. IH), 4.47 (d, J = 4.9 Hz, 
IH), 5.17 (d, J= 12.0Hz. IH), 5.18 (d, J= 16.0Hz, IH), 
5.92 (ddd, J = 16.0, 12.0, and 7.5 Hz, IH), 7.lc7.57 (m, 
5H). A similar reaction (without ultrasonic irradiation) of 
the threo-3a (93% threo) afforded 37”/, yield of the threo- 
rich mixture of 7 of which the NMR spectrum showed a 

Conversion of alcohol 10 to ester 6. Oxidation of 10 was 
performed by adaption of the reported procedure using 
molecular O,.‘* A suspension of 10 (I 34 mg, 0.61 mmol) and 
PtO, (47 mg) in 20% NaHCO, (20 ml) was heated at 9&100” 
and 0, gas was bubbled into the mixture with stirring for 
50 hr. The solid was filtered off and the filtrate was diluted 
with ether (20ml). The aqueous extract was acidified with 
6N HCI and extracted with ether. Usual workup afforded 
acid 11(56 mg, 78% based on the reacted 10); SoO/, of 10 was 
recovered from the first organic extract: IR (neat), 3200, 
1710, 97Ocm-‘; NMR (Ccl,) S 1.05 (d, J = 6.0 Hz, CH,), 
3.30 (s, OCH,), 6.10 (dd, J = 15.6 and 6.6 Hz, PhCH=CH-), 
6.62 (d, J= 15.6Hz. PhCH=CH-), IO.0 (br.s, COOH). 
Conventional treatment of 11 with CH,N, in Et,0 followed 
by column chromatography (silica gel, Et+hexane (I : I)) 
furnished eSter 6 (43 mg, 87%): IR (neat) 1735, 1085, 970, 
750, 675 cn- ‘; NMR (Ccl,) S I.00 (d, J = 6.0 Hz, 3H), 
1.w2.63 (m, 3H), 3.31 (s, 3H), 3.64 (s, 3H), 3.533.77 (m, 
lH),6.05(dd, J = 15.6and 6.6Hz, lH),6.55.(d, J = 15.6 Hz, 
IH), 7.06760 (m. 5H). The snectral (IR and NMR) data . 
are in agreement with the literature values.” 

z-Methylcrotyl proaprgyl ethers (E)-lta and (Z)-12b. Re- 
action of 3-penten-2-01 (99”/. E) (2.OOg, 23.2mmol) with 
propargyl bromide (46.0mmol) in the same manner as 
described for 2a gave (Eb12a (1.52g, 53%): b.p. 
70-72”/56 mmHg (195% chemical purity by GC assay); 
NMR (CC&) S 1.17 (d, J = 6.0 Hz, 3H), I .68 (d, J = 6.0 Hz, 
3H). 2.17 (1, J = 3.0Hz, IH), 3.73-4.27 (m, 3H), 5.07-5.87 
(m, XI). 

A similar reaction of 3-penten-2-ol (97% Z) (32mmol) 
gave (Zhlt (3.1 g, 78%): b.p. 7&73”/56mmHg; NMR 
(Ccl,) S I.17 (d, J = 6.5 Hz, 3H), 1.73 (dd, J = 6.8 and 
l.SHz, 3H), 2.23 (1. J =2.3 Hz, IH), 3.804.23 (m, 3H), 
5.13-5.93 (m. 2H). Silylation of the (Z)-12a in the same 
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manner as described for 2b gave (Zb12b (2.48 g, 98%): b.p. 
6-O/3 mmHg (>950/, chemical purity by GC assay); 
NMR (CC&) 6 0.17 (9, 9H), 1.23 (d, J=6.0Hz, 3H), 1.67 
(dd, J = 7.5 and 1.5 Hz, 3H), 3.974.67 (m, 3H), 5.03-5.82 
(m, 2H). 

Rearrangement of (E)-12a and (Z)-12b. A soln of the 
(E)-12a (1.2Og, 10.0 mmol) in THF (30ml) was added at 
-85” to n-BuLi isolated by removal of the hexane from 
18.6 ml (26.0 mmol) of a hexane soln. The resulting mixture 
was stirred at that temperature for 6 hr, allowed to warm to 
O”, and quenched with 6N HCl. Usual workup followed by 
distillation gave a diastereomeric mixture of 13 (0.74 R. 62X): 
b.p. 6&65”/lOmmHg; IR (neat) 3400 (OH) Ad 980~” 
(trans-CH=CH-): NMR (CC1.I d 1.15 (d. J = 6.0 Hz 3HI. 
i.77 (d, J =AjH& 3Hj, 2.15-2.50 in;, IH), 2.j3--(i; 
J = 1.5 Hz, lH),4.07 (dd, J = 6.0and 1.5 Hz, lH), 5.17-5.77 
(m, 2H); GC (15C’) t, = 19.4 and 21.8min (9:91). The 13C 
NMR spectrum (Xl,) (on a JEOL FX9OQ spectrometer) 
showed only one signal at d 18.03 due to the CH, bonded 
to the ol&nic carbon, indicating that the new double bond 
possesses exclusively @)-geometry. 

A similar treatment of the (Z)-12b (1.97 g, 10.0 mmol) 
with n-BuLi (13 mmol) followed by protodesilylation in the 
same manner as described for 3b afforded, after distillation, 
0.79 g (64%) of a diastereomeric mixture of 13: IR (neat) 
3400 and 98Ocm-‘; ‘% NMR (CC&) 6 18.03; GC (150”) 
1, = 19.4 and 21.8 min (99: 1). 

Conventional hydrogenation of 13 (99”/, ervlhro) using 
Raney Ni catalydt in- EtOH afford& gip/, -of l& b.6 
80-85”/22 mmHn flit 70-75”/14 mmHn for f+& 
eryrhrd-14,‘66 9!i10i”/98 mmHg ’ for (3S:4S)-14,1ti ‘Gd 
60-65”/15 mmHg for (f)-rhreo-14”d); IR (neat) 3360, 1460, 
970cn-‘; NMR (Ccl,) 6 0.77 (m. 9H), 1.07-1.57 (m, 8H), 
3.22-4.43 (m. 1H). The spectral (IR and NMR) data are in 
agreement with the literature valua.16 
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