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Abstract. Additions of various methylcopper reagents to the homochiral acyclic
vinyloxiranes Al4, A15, B6-B9, and C5, C6 were performed in order to evaluate
E/Z and syn/anti preferences. The unsubstituted oxiranes Al4 and Al5 gave a
mixture of SN2 and SN2’ substitution products with the four reagents examined,
LiMeoCu, LiMeCuCN, BrMgMe3Cu, and LiMeCul « BF3. The more highly substi-
tuted systems B6-B9 derived from geraniol and C5, C6 derived from nerol yielded
only SN2’ products. The (2)-allylic alcohol derivatives B8 and C6 and LiMeCuCN
gave the best anti/syn ratios (99:1 and 97:3, respectively). In both cases the newly

ormed double bond was exclusively E.

Sn2' alkylations of allylic esters, ethers and halides by organocopper reagents are a well documented
class of synthetically useful reactions (eq. 1).1 In recent years significant attention has been directed to
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the stereochemistry of such displacements in both cyclic and homochiral acyclic allylic derivatives.2

Vinyloxiranes, a subset of the foregoing allylic systems, also undergo Sn2' alkylation by organocopper
reagents (eq. 2). These reactions are of particular interest as they give rise to allylic alcohols, themselves
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valuable synthetic intermediates. Although the initial observation of the reaction was made with acyclic
vinyloxiranes,3 all subsequent studies have employed systems in which the double bond and/or the
epoxide are part of a five or six membered ring.4 Acyclic cases have not heretofore been examined.

In general, SN2' displacements on allylic alcohol derivatives (eq. 1) and cyclic vinyloxiranes (eq. 3) by
organocopper reagents have been found to proceed with inversion (anti pathway).2.4,5 Acyclic vinyloxi-
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ranes would expectedly follow an analogous course. However, unlike their cyclic counterparts, the acyclic
systems can react via either s-cis or s-trans conformers and thus yield mixtures of E and Z SN2’ products

(eq.4).6
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The present investigation was undertaken to examine the sp2 and sp3 stereochemistry of these acyclic
Sn2' additions with a view toward developing routes to homochiral allylic alcohols.”
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Our initial studies were carried out on the (E) and (Z)-vinyloxiranes Al4 and A15 derived from
glyceraldehyde acetonide prepared in situ by NalOy4 cleavage of 1,2:5,6-di-O-isopropylidene-D-mannitol
(A1) as described by Takano, et al.8 Condensation with triethyl a-phosphonoacetate afforded
predominately the (E)-conjugated ester A2 as reported,8 whereas addition of methyl a-(triphenylphos-
phoryliden)acetate in methanol yielded mainly the (Z)-conjugated ester A4.8 The E and Z isomers were
purified by column chromatography and each was reduced to the corresponding E and Z-allylic alcohol A6
and A7 with DIBAH. Bengzylation then afforded the benzyl ethers A8 and A9. Hydrolysis of the acetonide
groupings followed by selective tosylation and base treatment completed the sequence.

CHART A"

\)\/\(\ a,b {or ¢} \j\/,\
o] COR ——a—-

A2; (E), R=Et : A3; (Z), R=Et (98%)
A4, (Z), R=Me : AS; (E), R=Me (74%)

A6 (E) (90%) A8 (E) (89%)
A7 (Z) (97%) A% (2) (79%)
H h
RO, OBn s -
A10; (E}, R=H : All; (E), R=Ts (53%) Al4 (E) (77%)
Al2; (Z), R=H : Al3; (Z), R=Ts (65%) AlS (Z) (15%)

“ a) NalOy, 5% NaHCO;, room temperature, 1 h; b) (Et0),POCH,CO,Et, 6M K,CO,,
room temperature, 24 h, 48:1 E:Z; ¢) PhyPCHCOQ,;Me, MeOH, 0°C, 24 h, 7:1 Z:E;
d) i-Bu,AlH, CH,Cly, -78°C, 2 h; e) n-BuLi, HMPA, PhCH,Br, THF, -78°C, 6 h;

f) 1M HCl, MeOH, room temperature, 2 b; g) p-TsCl, pyridine, CH,Cl,, 0°C, 18 h;
h) NaH, THF, 0°C, 1 h.

Vinyloxiranes A14 and A15 were treated with a number of methylcopper reagents in order to find
conditions favoring Sn2' additions (Table 1). The major products were identified by 1H NMR analysis and
product compositions were measured by capillary ge analysis. Diene 1.6 was not isolable but its formation
was deduced by the production of benzyl alcohol. With the cuprate reagents the (Z)-vinyloxirane gave
higher ratios of SN2/8n2 products than the E isomer. The lower order cyanocuprate (inethod B) proved
most satisfactory.10 A considerable amount of elimination product (benzyl alcohol) was produced with the
Gilman cuprate both in ether (method E) and THF-ether (method A).11 The relative amount of this
product increased with lower temperature. The (Z)-vinyloxirane A15 afforded only the (E)-allylic alcohol
1.1 with each of the methylcopper reagents. The E isomer A14, on the other hand, gave mixtures of E and
Z SN2 products 1.1 and 1.2 with all but the Gilman cuprate (methods A and E). Yamamoto’s BF3
complexed methylcopper reagent (method D)12 showed an unusual preference for the Z SN2’ product 1.2
with the (E)-vinyloxirane A14 but the Z isomer A15 yielded only the £ product 1.1 under these conditions.
Both this reagent and the MeMgBr reagent C cleanly afforded Sn2 products without E/Z isomerization,
unlike the cuprates A, Band E.

The ¥ and Z SN2' produets 1.1 and 1.2 have previously been prepared in high optical purity.13
Unfortunately, these isomers could neither be separated from each other nor from the Sn2 products 1.3
and 1.4 so evaluation of the SN2’ stereoselectivity could not be made directly. However, selective
oxidation of the allylic alcohol components 1.1 and 1.2 of the product mixtures with MnOg gave the
related conjugated aldehydes (eq. 5) which were readily separated from unreacted alcohols 1.3 and 1.4.
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Organocuprate additions to vinyloxiranes
Table 1. Cuprate Additions to Vinyloxiranes A14 and A15

Me.
Ho/\/Y\ OBn /\J/\onn
Me HO &

1.1 (E Sy2") 12 (Z SN2')

Ald (E)
Al gz) HO/Y\"'\OBn o N\F

Me
13 (E Sy2) 1.5 (diene)
1.4 (Z SN2)
SN2’ SN2
entry substrate method! yield? 1.1(E) 1.2(2) 1.3(E) 1.4(2) diene® SN2/SN2

1 Al4(E) A 50 10.5 ] 47.0 1.9 406 0.2
2 Al15(2) A 55 35.4 0 150 134 36.2 1.2
3 Al4(E) B 87 69.5 73 118 0 11.4 5.6
4 A15(2) B 83 81.0 0 2.9 61 10.0 9.0
5 Al4(E) C 94 472% 95 169 0 26.4 34
6 Al15(2) C 88 7635 0 0 129 108 5.9
7 Al4(E) D 76 282 606 11.2 0 0 7.9
8 Al15(Z) D 78 82.2 0 0 11.8 6.0 7.0
9 Al4(E) E 71 24.6 0 33.6 (] 41.8 0.7
10 A15(2) E 68 78.9 0 2.7 8.0 10.4 7.4

1 A: LiMegCu, THF/Et20 (4:1), 0°C; B: LiMeCuCN, Et20, 0°C; C: CuBr « MegS, MeMgBr,
MegS, THF, 0°C; D: Cul, MeLi, BF3 « Et20, THF/Et20 (5:1), -78° —» 25°C; E: LiMesCu,
Et20, 0°C. 2 Yield of total crude products calculated as alcohols. 3 as determined by benzyl
alcohol content. 4anti/syn ~6:1. ¥ anti:syn >4.5:1.

Reduction of the purified enals then gave the allylic alcohol mixture 1.1 and 1.2 whose E/Z composition
was determined by gc analysis. The optical rotation of this mixture was used to calculate the ee,
assuming both alcohols are formed by the same pathway (inversion or retention), and correcting for the
optical purity of the starting esters A2 and A4.14 In this manner, we were able to estimate anti/syn
preferences of 4.5 to 6:1 for reactions involving vinyloxiranes A14 and A15 with the MeMgBr-CuBr »
Me3S reagent.

In view of the indirect nature of the foregoing analysis we turned our attention to other vinyloxiranes
in which stereochemical preferences might be more readily discerned. The geraniol related systems Bé
and B8 seemed well suited on several counts. In the first place, the oxirane methyl substituent should
increase the energy of s-cis conformers thereby diminishing the amounts of Z-SN2' products. Secondly,
the presence of additional substituents on the oxirane ring would expectedly disfavor SN2 product
formation. Finally, anti and syn Sn2' displacements would lead to diastereoisomers whose analysis would
not depend upon assumptions regarding optical purity.

Vinyloxiranes B6 and B8 were prepared as outlined in Chart B from the known Sharpless epoxidation
product B215 of geraniol (B1) through Swern oxidation16 followed by Horner-Emmons, 13 or Still-Horner-
Emmons condensation8b and reduction. Addition of the Gilman cuprate!l in THF-ether (method A) to the
(E)-vinyloxirane B6 afforded an 84:16 mixture of the two E SN2' products 2.1 (anti addition) and 2.2 (syn
addition) as determined by capillary gc analysis of the derived mono TBS ethers. The (Z)-vinyloxirane
B8, on the other hand, yielded a 3:97 mixture of isomers 2.1 (syn addition) and 2.2 (anti addition) under
the same conditions. In neither case were SN2 or elimination by-products detected.

The relative stereochemistry of diols 2.1 and 2.2 was deduced through ozonolysis-reduction of the mono
TBS ethers (R'=TBS) to the known R or S mono TBS ether of 2-methyl-1,3-propanediol (eq.6).15 The
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CHART B*
a, 85%
s 0 cord
/L\\/\J\/\OR (91%9::) /]\/\/k/R
B1 ’ B2 R =CH,0H
B3 R = CHO
e 0
- OR
B4 (E) (91%) B6 (E) R=H 63 %
BS (Z) (70%) B7 (E) R=TBS ((65%))

B8 (Z) R=H (72%)
B (Z) R=TBS (73%)

% a) L-(+)-diethyl tartrate (7%), Ti(Oi-Pr), (5%), +-BuOOH, 32 molecular sieves, CH,Cl,,
-23°C, 2.5 h; b) (CICO),, DMSO, EfyN, CH,Cly, -78°C, 2 h; ¢) (Et0),POCH,CO,E1, NaH,
THF, 6 h; d) (TFEO),POCH,CO,Et, 18-crown-6, KHMDS, THF, -78°C, 6 h; ¢) i-Bu,AlH,
CH,Cly, -78°C, 30 min; f) r-BuMe,8iCl, Et;N, DMAP, CH,Cl,, 25°C, 16 h.

Table 2, Cuprate Additions to Geranyl Derived Vinyloxiranes

XZ\/\
R NN Nore

B6 (E), R’ = H; B7 (E), R' = TBS 2.1 i- . -
B8 (Z), R’ = H; BY (Z), R' = TBS Anti-E 22 SemE

mode of
products®? addition
epoxide R' method! yield anti.E! syn.-ES anti/syn
B6 (E) H A 81 84 16 5.2
B8 (D) H A 75 3 97 32
B6 (E) H B 84 88 12 73
B8(Z) H B 88 1 99 99
B7(E)y TBS A 77 70 30 2.3
B9(Zy TBS A 8 18 82 4.5
B7(E) TBS B 81 75 25 30
B9(Z) TBS B 79 16 84 5.2

1 Methods: A: LiMesCu, THF/Et20 (4:1), 0°C; B: LiMeCuCN, Et20, 0°C. 2 Pro-
duct distribution of derived silyl ethers. 3 Tgpical result selected from several
trials varying by % 5% (absolute yield). * Produced through anti addition to
B6/B7 or syn addition to B8/BS. ® Produced through anti addition to B&/B9 or
syn addition to B6/B7.

absolute configuration at the newly introduced methyl center could be ascertained from the rotation of
these TBS ethers.

.

< / 13 03; DMS
OTBS ) DiBAH HO/Y\OTBS . HO/\:/\OTBS (6)

2.1 and/or 2.2



Organocuprate additions to vinyloxiranes

In both cases, the observed rotation of the TBS ethers correlated well with the ratio of diastereomeric
starting alcohols 2.1 and 2.2 as measured by ge, after correction for the ee of the starting epoxy aleohol B2.

The lower order methylcyanocuprate reagent (method B) showed similar but slightly higher stereo-
selectivity with vinyloxiranes B8 and B8 compared to the Gilman cuprate (Table 2). Both reagents
afforded the syn-E product 2.2 almost exclusively with the (Z)-vinyloxirane BS.

The TBS ethers B7 and B9, derived from epoxy allylic alcohols B6 and B8, exhibited a comparable,
albeit soméwhat lower, propensity toward anti Sn2' addition of both the Gilman and the lower order
cyanocuprate reagents (Table 2). The strikingly high proportion of anti Sy2' product observed with the
(2)-allylic aleohol system B8 as opposed to the silyl ether B9 or the (E)-allylic alcohol and ether B6 and B7
suggests the possible involvment of an O-beterocuprate in the allyl complexation step.?

As a further test of the methodology we examined the addition of methylcuprates to the (E) and (Z)-cis-
vinyloxiranes C5 and C8, prepared from nerol (C1) by a sequence analogous to that employed for the
isomers B8 and B8. Addition of LiMegCu or LiMeCuCN proceeded with high anti s-trans selectivity

CHART C°
/|\/\>_\/ e /l\/\>£0)\/ et
N = _OH i OH —— e
(2% ee)
C1 C2
)\/\)LO\/\\ /k/\)é)\/\/
e
[ —. OH
= & CO,Et =~
C3 (E) (715%) C5 (E) (68%)
C4 (Z) (60%) C6 (2) (68%)

% a) L-(+)-diethyl tartrate (15%), Ti{Oi-Pr)4 (10%), -BuOOH, 3A molecular sieves, CH,Cl,,
-23°C, 2.5 b; b) (CICO);, DMS0, EG4N, CH,Cly, -78°C, 2 b; ©) (EtO),POCH,CO,Et, NaH,
THF, 6 h; d) (TFEO),POCH,CO,Et, 18-crown-6, KHMDS, THF, -78°C, 6 h; e) i-Bu,AlH,
CH,Cl,, -78°C, 30 min.
(Table 3} in accord with previous observations on the trans oxirane isomers B6 and B8. As before,
reaction of the cyanocuprate with the (Z)-allylic alcohol oxirane showed the highest selectivity. It should

be noted that the Sn2' products 3.1 and 3.2 are enantiomeric with 2.1 and 2.2 obtained from B6 and B8,

Table 3. Cuprate Additions to Neryl Derived Vinyloxiranes

R "MeCu" KH/\/\ 0,.-. OH
/!\‘/\""\OH > R # : OR" R/%/\OR‘
o H
Cs5 (E) 31 Anti-E 3.2 Syn-E
C6 (D)
mode of

products?3 addition

epoxide method! yield anti-E4 syn.-E5 anti/syn

C5(E) A 95 14 86 8.3
C6(2) A 93 95 5 19
C5(E) B 90 10 90 9.0
Ceé(Z) B 95 97 3 32

1 Methods: A: LiMezCu, THF/EtO (4:1), 0°C: B: LiN%eCuCN,
Et20, 0°C. 2 Product distribution of derived silyl ethers, 3 Typical
result sglected from several trials varying by £ 5% (absolute
yield). * Produced through syn addition to C5 or anti addition to
C86. ° Produced through syn addition to C8 or anti addition to C5.

Thus through proper choice of cuprate and vinyloxirane, it is possible to prepare Sx2' adducts of high
diastereomeric and enantiomeric purity. In the present study this point is best demonstrated by the 99:1
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ratio of syn-E (2.2) to anti-E (2.1) products from vinyloxirane B8 and LiMeCuCN and the 97:3 ratio of
anti-E (3.1) to syn-E (3.2) products from vinyloxirane C6 and the same cuprate. The anti-E and the syn-E
isomers 2.1 and 3.2 could expectedly be obtained equivalently from the enantiomeric vinyloxiranes which,
in turn, could be prepared through use of D-(-)-diethyl tartrate in the initial Sharpless epoxidation of
geraniol or nerol.

The higher preference for E SN2' products in cuprate additions to the geranyl and neryl systems B6-B9
and C5,C6 as opposed to the unsubstituted vinyloxiranes A14,A15 stems in part from unfaverable 1,5-
steric interactions imposed by the Z vinylic substituent and the remote oxirane cis substituent (R2 and R3
in eq. 4) in the stereoelectronically favored coplanar transition state conformation. Where such effects are
minimal, as in the case of vinyloxirane A14 (cf. eq. 4, R2 = R3 = H), the cuprate reagent also plays a role
in directing E/Z selectivity (Table 1, compare entries 1,3, 5,7 and 9).

Goering has reported a striking contrast in regioselectivity for substitution reactions with LiMeoCu
vs. LiMeCuCN in sterically unbiased allylic acetates and mesitoates.5c The cyanocuprate reagent gives
nearly exclusive SN2' (gamma) substitution whereas the Gilman cuprate affords a nearly equal mixture
of SN2 (alpha) and SN2' products. It is suggested that an initial cuprate-olefin complex is formed which
leads to an anti-gamma o-allyl cuprate complex (oxidative addition, see Figure 1). The cyano substituted
o-copper complex undergoes rapid reductive elimination to the SN2' product whereas the dimethylcuprate
o-complex equilibrates via a n-allyl species before reductive elimination. An analogous, though less
dramatic, trend is discernible with vinyloxirane A15 (Table 1, entry 2 vs. 4). When ether is employed as
the solvent both cuprates give mainly Sn2' products with the (Z)-vinyloxirane A15 (Table 1, entries 4 and
10). The (E)-vinyloxirane Al4, however, shows a preference for Sn2 over SN2' substitution with the
Gilman cuprate (entries 1 and 9). The analysis is complicated by the formation of substantial diene 1.5 of
undetermined stereochemistry. Possible reaction pathways to the various products based on Goering’s
proposal for allylic acetatesSc are traced in Figure 1. The formation of Z SN2 product 1.4 from the (Z)-
vinyloxirane A15 but not from the E isomer A14 suggests that direct SN2 attack at the allylic position
occurs to some extent (Table 1, entries 2, 4, 6, 8 and 10). On the other hand, the formation of E SN2
product 1.3 from (Z)-vinyloxirane A15 (entries 2, 4, and 10) requires interconversion of Z and E allyl Cu
intermediates as shown in Fig. 1.

-0 NN o OBn —= 1.3 ~— %
¢ ]
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Me” “Ln
ll,n
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Figure 1. Product forming pathways for cuprate additions to vinyloxiranes A14 and A15
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Organocuprate additions to vinyloxiranes

In sharp contrast to the relatively unpromising product distributions obtained with vinyloxiranes A14
and A1S, the gerany! and neryl systems B6-B9 and C8§,C6 show neither SN2 nor elimination products.
Here steric effects would disfavor SN2 products. Although elimination would expectedly occur less
readily with an alcohol than an alkoxide substituent, the absence of such products from TBS ethers B7
and B9 indicates that additional factors may be operative.

List of Abbreviations. Bn = PhCHy, DIBAH = i-BusAIH, DMAP = 4-(N,N-dimethylamino)pyridine,
DMS = Me:S, DMSO = MeSO, HMPA = (MegN)3PO, KHMDS = KN(SiMe3)2, TBS = t-BuSiMeg,
TFE = CF3CHg, p-Ts = p-CH3CsH4S02.

Acknowledgements. Support from the National Science Foundation (CHE-8615569 and CHE-
8411172) is gratefully acknowledged.

Experimentall8

(48),(E) and (Z)-Ethy! 4,5-(Isopropylidenedioxy)-2-pentenoate (A2 and A3). To a slurry of 6.3 g
(24 mmol) of 1,2:5,6-di-O-isopropylidene-D-mannitol (A1) in 50 mL of 5% aqueous NaHCO3 at 0°C was
added dropwise a solution of 6.3 g (29.5 mmol) of NaIO4 in 50 mL of water. The bath was removed and the
mixture was stirred for 1 h. The mixture was cooled to 0°C followed by the addition of 22.6 g (100 mmol) of
triethyl a-phosphonoacetate and 150 mL of 6 M K2CO3. The resulting mixture was allowed to warm to
room temperature and was stirred for 24 h. The reaction mixture was extracted four times with CH2Cl,
and the combined extracts were dried over MgSOQy, filtered and concentrated under reduced pressure to
afford 9.73 g of a pale yellow oil. Flash chromatography on silica gel with hexane-50% ether-hexanes
gradient afforded 9.31 g (96%) of the (E)-isomer A2 and 0.21 g (2%) of the (Z)-isomer A3.

(E)-isomer A2: IR (film) v 3000, 2960, 2880, 1735, 1625, 1430, 1410, 1400, 1395, 1215, 1190, 1090,
1010, 890, 840 em-1. 1H NMR 8 1.27 (t, J="7.1 Hz, 3H, OCH2CHa), 1.39 (s, 3H, C(CH3)2), 1.43 (s, 3H,
C(CH3)2), 3.66 (dd, A of ABX, J=17.1, 8.3 Hz, 1H, ROCH2CH), 4.16 (dd, B of ABX, J=6.6, 8.3 Hz, 1H,
ROCH2CH), 4.18 (q, J =7.1 Hz, 2H, OCH2CH3), 4.66 (m, X of ABX, 1H, CH2CHOR), 6.08 (dd, A of ABX,
J=14, 15.6 Hz, 1H, vinyl H), 6.86 (dd,—% of ABX, J=5.7, 15.6 Hz, 1H, vinyl H). [a],? 38.1 ° (c 2.94,
CHCI3) [lit. [a],!" 43.3°(c 0.5, CHCl3)].8

(Z)-isomer A3: IR (film) v 2950, 2920, 2850, 1720, 1650, 1435, 1380, 1370, 1305, 1260, 1220, 1170,
1070, 980, 850 cm-1. 1H NMR § 1.27 (t, J=7.1 Hz, 3H, OCH2CH3), 1.37 (s, 3H, C(CH3)2), 1.43 (s, 3H,
C(CH3)z2), 3.61 (m, 1H, ROCH2CH), 4.15 (th=7.1 Hz, 2H, OCHCH3), 4.35 (m, 1H, ROCH2CH), 5.48 (m,
X of ABX, 1H, CHzCB_OR)Z, 5.82 (dd, A of ABX, J=1.7, 11.6 Hz, 1H, vinyl H), 6.34 (dd, B of ABX, J=6.5,
11.6 Hz, 1H, vinyl H). [a],? 108.1° (¢ 1.85, CHCl3) (lit. [a],'" 124.3° (¢ 0.54, CHCl3)].8

(45),(Z) and (E)-Methyl 4,5-(IsoYropylidenedioxiv)-2-pentenoate (A4 and A5). Toaslurryofl1l.5g
(0.043 mol) of 1,2:5,6-di-O-isopropylidene-D-mannitol (A1) in 200 mL of a 5% NaHCOj3 solution (4:1
MeOH/H20) at 0°C was added Sropwise 12.1 g (0.057 mol) of NaIO4 in 60 mL of a 1:1 MeOH/H20 solution.
The mixture was stirred at room temperature for 2 h and cooled to 0°C. To this cooled mixture was added
a slurry of 42 g (0.126 mol) of methyl a-(triphenylphosphoranylidene)acetate in 100 mL of methanol. The
mixture was stirred at 0°C for 24 h and extracted four times with 200 mL of CH2Clo. The combined
extracts were dried over MgSQy, filtered and concentrated under reduced pressure to afford a viscous
yellow oil. This oil was taken up in 400 mL of 80% hexane-ether solution, the precipitated tripheny!l-
phosphine oxide was filtered, and the filtrate was concentrated under reduced pressure to afford a pale
yellow oil. Flash chromatography on silica gel with hexanes-50% ether-hexanes gradient afforded 10.55 g
(65%) of (Z)-isomer A4 and 1.42 g (9%) of (E)-isomer AS5.

(Z)-isomer A4: IR (film) v 3000, 2960, 2880, 1735, 1625, 1430, 1410, 1400, 1395, 1215, 1190, 1090,
1010, 890, 840 cm-1. 1H NMR 8§ 1.37 (s, 3H, C(CH3)2), 1.43 (s, 3H, C(CH3)2), 3.60 (dd, A of ABX, J=6.7,
8.2 Hz, 1H, ROCH2CH), 3.70 (s, 3H, COCH3), 4.36 (dd, B of ABX, J=6.9, 8.2 Hz, 1H, ROCH2CH), 5.47
(apparent dq, X of ABX, J = 1.7, 6.8 Hz, 1H, CH,CHOR), 5,83 (dd, J = 1.7, 11.6 Hz. 1H, vinyl 15}, 6.35 (ad,
J=6.6,11.6 Hz, 1H, vinyl H). [a],*? 120.9° (¢ 3.54, CHCl3). Anal. Caled for CgH1404: C, 58.05; H, 7.58.
Found: C, 58.06; H, 7.59.

(E)-isomer AS5: IR (film) v 2950, 2920, 2850, 1720, 1650, 1435, 1380, 1370, 1305, 1260, 1220, 1170,
1070, 980, 850 crm-1. 1H NMR § 1.38 (s, 3H, C(CH3)2), 1.42 (s, 3H, C(CHz3)2), 3.65 (dd, A of ABX, J=7.1,
8.2 Hz, 1H, ROCH,CH), 3.72 (s, 3H, COCH3), 4.16 (dd, B of ABX, J=6.6, 8.2 Hz, 1H, ROCH>CH), 4.64
(apparent q, X of ABX, J=5.7, 12.3 Hz, 1H, CHoCHOR), 6.18 (dd, J =1.4, 15.8 Hz, 1H, vinyl ﬁ%, 6.87 (dd,
J=5.6,15.6 Hz, 1H, vinyl H). [u]D22 46.4° (¢ 3.97, CHCl3). Anal. Caled for CogH1404: C, 58.05; H, 7.58.
Found: C, 57.97; H, 7.55.

(48),(E)-4,5-(Iso ropylidenedioxy)-Z-genten-1-ol (AB). To a stirred solution of 5.99 g (29.9 mmol)
of ester A2 in 150 mL of dry CH2Clz at -78°C was added 75 mL (75 mmol) of DIBAH (1 M in hexanes) over
30 min. The mixture was stirred at -78°C for 2 h, quenched with 5 mL of water and treated with 150 mL of
saturated aqueous Rochelle’s sait. The mixture was allowed to warm to room temperature and the phases
were separated. The organic phase was washed twice with Rochelle’s salt and the combined aqueous
phases were extracted three times with CH2Clg. The combined extracts were dried over MgSQy, filtered
and concentrated under reduced pressure to afford 4.56 g of a cloudy oil. Flash chromatography on silica
gel with hexanes-75% ether-hexanes gradient afforded 4.25 g (90%) of allylic alcohol A6. IR (film) v 3450,
2990, 2940, 2880, 1455, 1380, 1370, 1245, 1215, 1155, 1055, 945, 855, 790 cm-1. 'H NMR § 1.36 (s, 3H,
C(CH3)), 1.40 (s, 3H, C(CH3)2), 1.80 (bs, 1H, CH20H), 3.57 (t, A of ABX, J=17.9 Hz, 1H, ROCH3CH), 4.07
(dd, Bof ABX, J=6.1, 8.2 Hz, 1H, ROCH2CH), 4.13 (bs, 2H, CH20H), 4.50 (apparent q, X of ABX, J=7.0
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Hz, 1H, CH2CHOR), 5.68 (ddt, J=1.6, 7.4, 15.4 Hz, 1H, vinyl H), 5.93 (dt, J =5.1, 15.4 Hz, 1H, viny] H).
(], 33.3° (¢ 3.87, CHCl3). Anal. Calcd for CgH1403: C, 60.74; H, 8.92. Found: C, 60.65; H, 8.94.

(48),(Z)-4,5-(Isopropylidenedioxy)-2-penten-1-0l (A7). To a solution of 60 mL (60 mmol) of DIBAH
(1 M in hexanes) in 150 mL of dry CH2Cls at -78°C was added a solution of 4.60 g (24.7 mmol) of (Z)-ester
A4in 20 mL of dry CH2Clg over 20 min, The resulting mixture was stirred at -78°C for 2 h, quenched with
2 mL of water and treated with 200 mL of saturated aqueous Rochelle’s salt. The mixture was allowed to
warm to room temperature and the phases were separated. The organic phase was washed twice with
Rochelle’s salt and the combined aqueous phases were extracted three times with CH2Clz. The combined
extracts were dried over MgSQOy,, filtered and concentrated under reduced pressure to afford 3.98 g of a
cloudy oil. Flash chromatography on silica gel with hexanes-75% ether-hexanes afforded 3.80 g (97%) of
alcohol A7. IR (film) v 3430, 2990, 2960, 2880, 1455, 1380, 1370, 1295, 1250, 1215, 1155, 1060, 1030, 945,
900, 860, 790 cm-1. 1H NMR 8 1.33 (s, 3H, C(CH3)2), 1.36 (s, 3H, C(CH3)3), 2.65 (bs, 1H, CH20H), 3.50 (t,
A of ABX, J=8.0 Hz, 1H, ROC%ZBCH), 4.03 (dd, B of ABX, J=6.1, 8.1 Hz, 1H, ROCH2CH), 4.19 (m, 2H,
CH20OH), 4.80 (apparent q, X of ABX, J=17.5 Hz, 1H, CHaCHOR), 5.48 (m, 1H, vinyl H), 5.76 (m, 1H, vinyl
H). [a],*! 13.2°(c 3.81, CHCIl3). Anal. Caled for CgH1403: C,60.74; H, 8.92. Found: C,60.51; H,8.77.

(48),(E)-1-Benzyloxy-4,56-(isopropylidenedioxy)-2-pentene (A8). A stirred solution of 4.68 g (29.6
mmol) of allylic alcohol A6 in 35 mL of dry THF containing a few crystals of 1,10-phenanthroline was
cooled to -78°C and n-BulLi (8.5 M in hexanes) was added until the end point was reached. This dark red
mixture was stirred at -78°C for 10 min and 7.0 mL (40.2 mmol) of HMPA was added. To this mixture was
added 4.8 mL (40.4 mmol) of benzyl bromide over 10 min. The yellow solution was stirred at -78°C for 1 h
and then at room temperature for 5 h. The mixture was washed twice with water and the organic layer
was dried over MgSQy, filtered and concentrated under reduced pressure to afford 6.83 g of a yellow oil,
Flash chromamgrﬁ{h on silica gel with hexanes-70% ether-hexanes gradient afforded 6.54 g (89%) of
benzyl ether A8. (film) v 3090, 3070, 3040, 2990, 2950, 2870, 1500, 1460, 1380, 1370, 1250, 1220, 1160,
1125, 1070, 1035, 975, 915, 865, 745, 705 cm-1. 1H NMR 8§ 1.37 (s, 3H, C(CH3)9), 1.41 (s, 3H, C(CH3)s),
3.58 (t, A of ABX, J=8.0 Hz, 1H, ROCH>CH), 4.03 (d, J=5.3 Hz, 2H, CH20Bn), 4.08 (dd, B of ABX,
J=6.1,82 Hz, 1H, ROCI_IgCH), 4.51 (s, 2H, OCHoPh), 4.52 (m, X of ABX, 1H, CH2CHOR), 5.72 (ddt
J=1.4, 1.3, 15.5 Hz, 1H, vinyl H), 5.90 (dt, J=5.4, 15.5 Hz, 1H, vinyl H), 7.32 (s, 5H, g'ﬁenyl H). [al,?
28.5° (¢ 2.96, CHCl3). Anal. Caled for C15H9003: C, 72.55; H, 8.12. Found: C, 72.45; H, 8.14.

(45),(Z)-1-Benzyloxy-4,5-(isopropylidenedioxy)-2-pentene (A9). Benzylation as described for
ether A8 was performed on 3.18 g (20.1 mmol) of alcohol A7 in 30 mL of dry THF with 20.1 mmol of n-
Buli, 5.0 mL of HMPA and 4.0 mL (33.6 mmol) of benzyl bromide. After aqueous workup, drying over
MgS04 and filtration, the mixture was concentrated under reduced pressure to afford 4.13 g of a dark
amber oil. Flash chromatography on silica gel with hexanes-50% ether-hexanes gradient afforded 3.96 g
(79%) of ether A9. IR (film) v 3100, 3070, 3040, 2990, 2940, 2880, 1500, 1455, 1385, 1375, 1250, 1160,
1060, 1030, 860, 795, 740, 700 em-1. 1H NMR 8 1.36 (s, 3H, C(CHg3)s), 1.41 (s, 3H, C(CH3)2), 3.52 (t, A of
ABX, J=8.0 Hz, 1H, ROCH2CH), 4.03 (dd, B of ABX, J=6.1, 8.0 Hz, 1H, ROCH2CH), 4.10 (d, J =6.4 Hz,
2H, CH20Bn), 4.50 (AB, JX%-:II.S Hz, Av=10.2 Hz, 2H, OCHgPh), 4.77 (apparent q, X of ABX, J=7.0
Hz, 1H, CH2CHOR), 5.64 (m, 1H, vingl H), 5.80 (m, 1H, Vili‘yl H), 7.32 (s, 5H, phenyl H). [a],? -5.92° (¢
4.59, CHCl3). Anal. Caled for C15H2903: C, 72.55; H, 8.12. Found: C, 72.41; H, 8.05.

(25),(E)-5-Benzyloxy-3-pentene-1,2-diol (A10). To a solution of 4.89 g (19.7 mmol) of ether A8 in 30
mL of methanol at room temperature was added 60 mL of 1.0 M HC1. The resulting mixture was stirred at
room temperature for 4 h. The mixture was extracted with CH2Clg until the organic layer showed no diol
present according to TLC analysis. The combined extracts were dried over MgSOy, filtered and concen-
trated under reduced pressure to afford 3.61 g of a yellow oil. Flash chromatography on silica gel with
hexanes-90% ether-hexanes gradient afforded 3.24 g (80%) of diol A10. IR (film) v 3380, 3100, 3080, 3040,
2930, 2870, 1500, 1455, 1365, 1250, 1210, 1110, 1070, 1030, 975, 880, 745, 705 cm-1. 1H NMR & 3.01 (m,
1H, CH30H), 3.20 (d, J=4.3 Hz, 1H, CHOH), 3.51 (m, 2H, CH20H), 3.99 (d, J = 5.5 Hz, 2H, CH20Bn), 4.20
(bs, 1H, CHOH), 4.49 (s, 2H, OCH2Ph), 5.70 (dd, J=5.7, 15.6 Hz, 1H, vinyl H), 5.87 (dt, J =5.6, 15.6 Hz,
1H, vinyl H), 7.31 (s, 5H, phenyl H). [a],?? 2.32°(c 1.98, CHCl3). Anal. Calcd for C12H1603: C, 69.20; H,
7.75. Found: C,68.89;H,7.61.

(28),(E)-5-Benzyloxy-1-tosyloxy-3-penten-2-0l (A11). To a solution of 2.78 g (13.3 mmol) of diol A10
in 20 mL of P ridine at 0°C was added 2.76 g (14.5 mmol) of p-toluenesulfonyl chloride. The mixture was
stirred at 0 é' for 18 h and poured into 100 mL of EtOAc. The mixture was washed twice with water
followed by aqueous CuS04 until there was no color change in the aqueous layer. The extracts were dried
over Nag80y, filtered and concentrated under reduced pressure to afford 3.94 g of a yellow oil. Flash
chromatography on silica gel with hexanes-90% ether-hexanes gradient afforded 3.17 g (66%) of tosylate
All. IR (film) v 3400, 3060, 3030, 2860, 1610, 1510, 1470, 1370, 1320, 1310, 1230, 1210, 1190, 1140, 1120,
1090, 1040, 990, 920, 850, 830, 800, 760 cm-1. 1H NMR § 2.15 (bs, 1H, CHbH), 2.42 (s, 3H, phenyl CHj),
3.87 (dd, A of ABX, J=17.5, 10.2 Hz, 1H, OCH2CH), 3.98 (d, J =5.3 Hz, 2H, CH30Bn), 4.03 (dd, B of ABX,
J=3.4, 10.2 Hz, 1H, OCH2CH), 4.40 (m, X of ABX, 1H, CH,CHOH), 4.48 (s, 2H, OCHPh), 5.64 (dd,
J=5.7,15.6 Hz, 1H, vin; ), 5.91 (dt, J=5.3, 15.6 Hz, 1H, vinyl H), 7.31 (s, 5H, phenyl H), 7.55 (m, 4H,
phenyl H). Anal. Caled for C19H2205S: C, 62.96; H,6.12; S, 8.85. Found: C, 62.78; H, 6.09; S, 8.55.

(28),(2)-5-Benzyloxy-3-pentene-1,2-diol (A12). The hydrolysis as described for diol A10 was
performed on 7.89 g (31.7 mmol) of acetonide A9 in 50 mL of methanol with 100 mL of 1 M HCI at room
temperature. Following extraction of the reaction mixture with CH2Clg, the combined extracts were
dried over NagSOy, filtered and concentrated under reduced pressure to afford 5.98 g of a viscous oil.
Flash chromatography on silica gel with hexanes-90% ether-hexanes gradient afforded 5.60 g (85%) of
diol A12. IR (film) v 3370, 3060, 3030, 2940, 2860, 1510, 1470, 1390, 1330, 1230, 1090, 1040, 890 cm-1. 1H
NMR § 2.20 (bs, 1H, HOCH2CH), 2.71 (bs, 1H, CH;CHOH), 3.50 (m, 2H, HOCH,CH), 4.09 (m, 2H,
CH20Bn), 4.47 (m, 1H, CHoCHOH), 4.52 (s, 2H, OCH9Ph), 5.61 (m, 1H, vinél H), 577 (m, 1H, vinyl H),
7.33 (s, 5H, phenyl H). Anal. Caled for C12H1603: C, 69.20; H, 7.75. Found: C, 69.05; H, 7.71.
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(28),(Z)-5-Benzyloxy-1-tosyloxy-3-penten-2-ol (A13). The reaction as described for tosylate A1l
was performed on 4.62 g (22.2 mmol) of diol A12 in 30 mL of dry pyridine at 0°C with 4.51 g (23.6 mmol) of
toluenesulfonyl chloride. After an aqueous workup, the organic extracts were dried over NagSOy,
ﬁ—ltered and concentrated under reduced pressure to afford 6.38 g of a dark oil. Flash chromatﬁaghy on
silica gel with hexanes-90% ether-hexanes gradient afforded 6.23 g (77%) of tosylate A13. (film) v
3400, 3060, 3040, 2860, 1610, 1520, 1470, 1380, 1320, 1300, 1230, 1210, 1190, 1150, 1120, 1080, 1040, 990,
920, 850, 830, 760 cm-1. TH NMR 5 2.42 (s, 3H, phenyl CH3), 2.53 (d, J =4.0 Hz, 1H, CHOH), 4.05 (m, 4H,
CH20Bn and CH0Ts), 4.47 (s, 2H, OCHsPh), 4.65 (m, 1H, CHOH), 5.50 (m, 1H, vingl M, 5.77 (m, 1H,
vinyl H), 7.30 (s, 5H, phenyl H), 7.54 (m, 4H, phenyl H). Anal. Caled for C19H22048: C, 62.96; H, 6.12; S,
8.85. Found: C,62.82;H,6.18;8,8.79.

(ZS),(E)-iBenzyloxty-l,2-(ﬁmxy- -pentene (Al4). To a stirred solution of 0.50 g (1.37 mmol) of
tosylate Allin 15 mL of dry THF at 0°C was added 0.16 g (6.67 mmol) of NaH. The resulting mixture was
stirred at 0°C for 1 h and then at room temperature for 2 h. The excess NaH was quenched with water and
the mixture was diluted with 100 mL of ether. The phases were separated and the organic phase was
washed twice with water. The combined aqueous phases were extracted three times with ether and the
combined extracts were dried over Nag80y, filtered and concentrated under reduced pressure to afford
0.21 g of a pale yellow oil. Flash chromatography on silica gel (deactivated with 5-10% Et3gN) with
hexanes-30% ether-hexanes gradient afforded 0.20 g (77%) of epoxide Al14. IR (film) 3040, 2990, 2930,
2870, 1510, 1470, 1410, 1380, 1270, 1230, 1190, 1150, 1130, 1090, 1050, 990, 950, 870, 760 cm-1, 1H NMR
$2.65(dd, A of ABX, J=2.7,5.2 Hz, 1H, OCH2CH), 2.95 (dd, B of ABX,J=4.1,5.2 Hz, 1H, OCHoCH), 3.36
(m, X of ABX, 1H, CH2CHO), 4.03 (dd, J=1.5, 5.6 Hz, 2H, CH20Bn), 4.51 (s, 2H, OCH2Ph), 5.50 (ddt.
Jd=1.5, 8.0, 15.6 Hz, 1H, vinyl H), 6.06 (dt, J=5.6, 15.6 Hz, 1H, vinyl H), 7.32 (s, 5H, phenyl H). [a];?
5.61°(c2.21, CHCl3). Anal. Caled for C19H;409: C,75.76; H,7.42. Found: C, 75.69; H, 7.45.

(28),(2)-5-Benzyloxy-1,2-efox -3-pentene (A15). The reaction as described for epoxide Al4 was
performed on 6.19 g (17.1 mmol) of tosylate A13 in 100 mL of dry THF with 0.45 g (18.8 mmol) of NaH.
After an aqueous workup, the organic phase was dried over NagSOQy, filtered and concentrated under
reduced pressure to afford 2.56 g of a yellow oil. Flash chromatography on silica gel (deactivated with 5-
10% Et3N) with hexanes-30% ether-hexanes afforded 2.45 g (75%) of epoxide A15. IR (film) v 3050, 2990,
2950, 2870, 1510, 1470, 1420, 1390, 1270, 1230, 1200, 1160, 1130, 1090, 1050, 990, 950, 870, 760 cm-1. 1H
NMR § 2.63 (dd, A of ABX, J=2.6, 5.3 Hz, 1H, OCHCH), 2.96 (dd, B of ABX, J=4.1, 5.3 Hz, 1H,
OCH2CH), 3.57 (m, 1H, CH2CHO), 4.22 (d, J =6.4 Hz, 2H, CH20Bn), 454 (AR, J o3 =11.6 Hz, Av=6.4 Hz,
2H,'60H2Ph), 5.20 {m, 1H, vinyl H), 5.89 (m, 1H, vingl H), 7.33 (s, 5H, phenyl H). [a]D” -10.2° (¢ 4.39,
CHCl3). Anal. Caled for C19H1409: C, 75.76; H, 7.42. Found: C, 75.66; H, 7.39.

(25,39)-3,7-Dimethyl-2,3-epoxy-6-octen-1-0l (B2). To a slurry of 0.8 g of 3A molecular sieves in 50
mlL of dry CH2Clz at -5°C was added 1.0 mL (4.75 mmol) of L-( +)-diethy] tartrate and 1.0 mL (3.35 mmol)
of titanium (IV) isopropoxide. The mixture was stirred for 5 min and cooled to -23°C. To this cooled
mixture was added 15,0 mL of t-butyl hydroperoxide (6.52 M in iscoctane) with stirring. After 25 min, a
solution of 11 mL (63.4 mmol) of geraniol (B1) in 10 mL of CHzCls was added over 15 min. The resulting
mixture was stirred at-23°C for 2.5 h and allowed to warm to 0°C. The mixture was quenched with 35 mL
of water and allowed to stir for 45 min while warming to room temperature. To this suspension was added
16 mL of 30% NaOH in saturated brine and stirring was continued for 20 min. The phases were separated
and the agqueous phase was extracted three times with CHyCla. The extracts were dried over NagSOy,
filtered and concentrated under reduced pressure to afford 13.4 g of a _cloudy, viscous oil. Flash
chromatography on silica gel with hexanes-40% ether-hexanes gradient afforded 9.20 g (85%) of epoxy
alcohol B2. IR (film) v 3430, 2970, 2930, 2860, 1450, 1385, 1075, 1035, 865 cm-1, 1H NMR 8 1.27 (s, 3H,
epoxide CH3), 1.44 (m, 1H), 1.58 (s, 3H, C(CH3)g), 1.65 (s, 3H, C(CH3)3), 1.66 (m, 1H), 1.95 (m, 1H,

20H}, 2.06 (m, 2H), 2.95 {m, 1H, epoxide H), 3.65 (m, 1H, CH20H), 3.80 (m, 1H, CH20H), 5.05 (¢,
d=14Hz 1H, vinyl H). {0102 -5.34° (¢ 3.24, CHCl3) [lit. [a],#* -5.83 (CHCl3), 91% eel.15

(25,39)-3,7-Dimethyl-2,3-epoxy-6-octenal (B3). To a solution of 11.0 mL (0.126 mol) of oxalyl
chloride in 200 mL of CH2Cly at -78°C was added 18.0 mL (0.253 mol) of DMSO. The mixture was
stirred at -78°C for 10 min and 16.33 g (0.095 mol) of alcohol B2 (87% ee) in 25 mL of driy CH32Cly was
added over 20 min. The white mixture was stirred at -78°C for 1 h and 70 mL (0.502 mol) of Et3N was
added over 30 min. The mixture was warmed to room temperature, diluted with 200 mL of ether and
washed twice with water. The combined aqueous phases were extracted with ether and the combined
extracts were dried over NagSQy, filtered and concentrated under reduced pressure to afford a crude
yellow oil. Flash chromatography on silica gel with hexanes-40% ether-hexanes gradient afforded 12.8 g
(79%) of aldehyde B3. IR (film) v 2970, 2920, 2860, 1725, 1450, 1405, 1380, 1240, 1110, 1075 cm-1, 1H
NMR 8 1.42 (s, 3H, epoxide CH3), 1.53 (m, 1H), 1.58 (s, 3H, C(CH3)2), 1.67 (s, 3H, C(CH3)g), 1.74 (m, 1H)
2.08(m, 2H), 3.17(d, J =5.0 Hz, 1H, epoxide H), 5.04 (m, 1H, vinyl H), 9.44 (d, J=5.0 He, 1H, CHO). [u]DZ‘
104.4°(c 2.16, CHCl3). Anal. Caled for C10H1602: C, 71.39; H, 9.58. Found: C, 71.18; H, 9.53.

(48,58),(E)-Ethyl 5,9-Dimethyl-4,5-epoxy-2,8-decadienoate (B4). To a solution of 28.2 g (126 mmol)
of triethyl phosphonoacetate in 100 mL of dry THF at 0°C was added 3.0 g (126 mmol) of NaH. The
mixture was stirred at room temperature for 1 h and then cooled to -78°C. To this cooled mixture was
added 6.52 g (38.7 mmol) of aldehyde B3 (derived from alcohol B2 of 87% ee) in 10 mL THF over 10 min.
The mixture was stirred at -78°C for 6 h and allowed to warm to room temperature. The mixture was
poured into 200 mL of 1:1 ether-NH4(l and the phases were separated. The organic layer, was washed
with water and the combined aqueous shases were extracted three times with ether. The combined
extracts were dried over NagSQy, filtered and concentrated under reduced pressure to afford 34.6 g of a
yellow oil. Flash chromatography on silica %el with hexanes-15% ether-hexanes gradient afforded 8.43 g
(91%) of (E)-ester B4, IR (film) v 2980, 2940, 1720, 1655, 1450, 1390, 1370, 1305, 1265, 1180, 1040, 980
em-1. 1TH NMR § 1.24 (s, 3H, epoxide CH3), 1.26 (1, J = 7.2 Hz, 3H, OCH,CH3), 1.57 (s, 3H, C(CH3)y), 1.85
(s, 3H, C(CHz3)g), 1.77-1.44 (m, 2H), 2,07 (m, 2H), 3.28 (d, J=6.4 Hz, 1H, epoxide H), 4.18 (q, J=7.2 He,
2H, OCH2CH3), 5.04 (t, J=7.1 Hz, 1H, vinyl H), 6.05 (d, J=15.7 Hz, 1H, vinyl H), 6.78 (dd, J=6.4, 15.7
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Hz, 1H, vinyl H). [a],? 1.69° (c 3.47, CHCl3). Anal. Caled for C14H2203: C, 70.56; H, 9.30. Found: C,
70.50; H, 9.38.

(48,58),(Z)-Ethyl 5,9-Dimethyl-4,5-epoxy-2,8-dienoate (B5). To a solution of 4.0 mL (0.046 mol) of
oxalyl chloride in 200 mL of CH3Clg at -78°C was added 6.5 mL (0.092 mol) of DMSO. The mixture was
stirred for 10 min and a solution of 6.02 g (0.035 mol) of alecochol B2 (91% ee) in 10 mL of CH2Clg was added
over 10 min. The mixture was stirred for 1 h at -78°C then was quenched with 25 mL (0.179 mol) of EtgN,
allowed to warm to room temperature, diluted with 300 mL of ether and filtered through a pad of MgSO4.
The filtrate was concentrated under reduced pressure to afford aldehyde B3 as a yellow oil which was used
without further purification.

To a solution of 14.1 g (0.042 mol) of ethyl bis-(2,2,2-trifluoroethyl)phosphonoacetate and 25 g (0.095
mol) of 18-crown-6 in 1 L of dry THF at -78°C was added 85 mL (0.042 mol) of KHMDS (0.5 M in toluene).
The mixture was stirred for 10 min and a solution of crude aldehyde B3 in 10 mL of dry THF was added
over 10 min. The mixture was stirred at -78°C for 2 h, allowed to warm to room temperature, and was
diluted with 500 mL of EtOAc. The mixture was washed {wice with saturated NH4Cl and the combined
aqueous phases were extracted with EtOAc. The combined extracts were dried over MgSQy, filtered and
concentrated under reduced pressure to afford a viscous amber oil. The oil was dissolved in 100 mL of
ether and filtered through a pad of silica gel with ether to remove most of the 18-crown-6. The filtrate was
concentrated under reduced pressure to afford an amber oil. Flash chromatography on silica gel with
hexanes-40% ether-hexanes afforded 5.82 g (70%) of (Z)-ester B5. IR (film) v 2960, 2920, 2860, 1720,
1640, 1435, 1380, 1280, 1220, 1195, 1175, 1110, 1070, 995, 920, 880, 845 cm-1. 'H NMR § 1.25 (s, 3H,
epoxide CH3), 1.28 (t, J=17.1 Hz, 3H, OCH2CHy), 1.60 (s, 3H, vinyl H), 1.66 (s, 3H, vinyl CH3), 1.58-1.70
(m, 2H), 2.1 (m, 2H), 4.17 (q, J =7.1 Hz, 2H, O( I_%zCHs), 4.22 (d, J=5.6 Hz, 1H, epoxide H), 5.09 (m, 1H,
vinyl H), 5.99 (m, 2H, vinyl H). [a],22136.9° (¢ 3.25, CHCl3). Anal. Caled for C14H3203: C,70.56; H,9.30.
Found: C, 70.21; H, 9.25.

(4S,5S),(E)-5,9-DimethKl-4,5-epoxy-2,8-decadien-1-01 (B6). To a solution of 1.46 g (6.10 mmol) of
ester B4 (derived from alcohol B2 of 86% ee) in 50 mL of dry CH2Cl; at -78°C was added 15 mL (15 mmol)
of DIBAH (1 M in hexanes) over 15 min. The resulting colorless solution was stirred at -78°C for 3 h and
was quenched by the addition of 2 mL of water over 5 min. The mixture was treated with 50 mL of
saturated aqueous Rochelle’s salt and allowed to warm to room temperature. The phases were separated
and the organic layer was washed three times with Rochelle’s salt. The combined aqueous phases were
extracted with CHgCl2 and the combined extracts were dried over NagSQy, filtered and concentrated
under reduced pressure to obtain a crude yellow oil. Flash chromatography on silica gel with hexanes-
80% ether-hexanes gradient afforded 0.755 g (63%) of alcohol B6 as a colorless oil. IR (film) v 3420, 2970,
2930, 2860, 1450, 1380, 1100, 1075, 1005, 960 cm-1. 1H NMR & 1.25 (s, 3H, epoxide CH3), 1.46 (m, 1H),
1.58 (s, 3H, C(CHa)g), 1.66 (s, 3H, C(CH3)2), 1.69 (m, 1H), 1.76 (m, 1H, CH20H), 2.07 (m, 2H), 3.21 (d,
J=17.5 Hz, 1H, epoxide H), 4.16 (m, 2H, CH2OH), 2.06 (m, 1H, vinyl H), 5.59 (ddt, J=1.6, 7.5, 15.6 Hz, 1H,
vinyl H), 6.01 (dt, J =5.2, 15.6 Hz, 1H, vinyl H). [a],*-5.69° (¢ 3.51, CHCl3). Anal. Caled for C12H2002:
C,73.43; H, 10.27. Found: C, 73.25; H, 10.18.

(48,88),(2)-5,9-Dimethyl-4,5-epoxy-2,8-decadien-1-0l (B8). The reduction was carried out as
described for alcohol B8 with 2.03 g (9.06 mmol) of ester B5 (derived from alcohol B2 of 86% ee) in 50 mL
of CH2Cls at -78°C and 20 mL (20 mmol) of DIBAH (20% wt/wt in hexanes). After an aqueous workup,
drying over NagSOy4 and filtration, the mixture was concentrated under reduced pressure to obtain a
cloudy yellow oil. Flash chromatography on silica gel with hexanes-80% ether-hexanes gradient afforded
1.28 g (72%) of alcohol B8. IR (film) v 3120, 2970, 2920, 2860, 1450, 1380, 1250, 1030, 820 cm-1. 1H NMR
§ 1.24 (s, 3H, epoxide CH3), 1.46 (m, 2H), 1.58 (s, 3H, C(CH3)p), 1.66 (s, 3H, C(CH3)3), 1.87 (m, 1H,
CH,0H), 2.06 (m, 2H), 3.40 (d, J=7.1 Hz, 1H, epoxide H), 4.29 (m, 2H, CH2OH), 5.06 (m, 1H, viny! H),
5.40 (m, 1H, vinyl H), 5.88 (m, 1H, vinyl H). [a],2 37.7° (¢ 2.64, CHCl3). Anal. Caled for C12H2¢02: C,
73.43;H,10.27. Found: C, 73.33; H, 10.20.

Reaction of (28),(E)-5-Benz loxg-1,2-epoxy-3-pentene (A14) with LiMeaCu (Method A). To a
slurry of 434 mg (2.27 mmol) of éul2 in 20 mL of dry THF at 0°C was added 3.2 mL of MeLi (1.4 M in
Et30). The mixture was stirred at 0°C for 10 min and a solution of 103 mg (0.54 mmol) of ether A14in 1
mL of THF was added over 1 min. The mixture was stirred at 0°C for 12 h and was quenched with aqueous
saturated NH4Cl. The mixture was stirred for 1 h at room temperature and the phases were separated.
The organic phase was diluted with 50 mL of EtOAc and washed with NH4C] until there was no color
change in the aqueous layer. The combined aqueous phases were extracted twice with EtOAc and the
combined extracts were dried over NaS0Oy, filtered and concentrated under reduced pressure to afford a
dark amber oil. Flash chromatography on silica gel with 60% ether-hexanes afforded 52.5 mg (50%) of
mixed alcohols. GC analysis indicated 40.6% benzyl alcohol (from elimination product), 1.9% Sx2-Z,
10.5% Sn2'-E and 47.0% SN2-E products.

Reaction of (2S),(E)-5-Benzyloxy-1,2-epoxy-3-pentene (A14) with LiMeCuCN (Method B). Toa
slurry of 904 mg (10.1 mmol) of CuCN20 in 25 mL of EtgO at 0°C was added 7.2 mL of MeLi (1.4 M in
Et20). The mixture was stirred at 0°C for 10 min and a solution of 154 mg (0.81 mmol) of ether A14 in 2
mL of Etp0 was added over 1 min. The mixture was stirred at 0°C for 12 h and was quenched with
aqueous NH4Cl. The mixture was stirred at room temperature for 1 h and the phases were separated.
The organic phase was diluted with 100 mL of EtOAc and washed with NH4C! until the aqueous layer
remained colorless. The combined washes were extracted twice with EtOAc and the combined extracts
were dried over NagSOy, filtered and concentrated under reduced pressure. Flash chromatography on
silica gel with 60% ether-hexanes afforded 157 mg (87%) of mixed alcohols. GC analysis indicated 11.4%
benzyl alcohol (from elimination product), 6.1% Sn2'-Z, 69.5% SN2'-E and 11.8% SN2-E products.

Reaction of (2S),(E)-5-Benzyloxy-1,2-epoxy-3-pentene (A14) with CuBr « Me2S and MeMgBr
(Method C). To a slurry of 233 mg (2.33 mmol) of CuBr  MesS complex in 15 mL of dry THF at 0°C was
added 0.5 mL of MeoS and 4.0 mL of MeMgBr (3 M in Et20). The mixture was stirred for 20 min and a
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solution of 102 mg (0.536 mmol) of ether A14 in 2 mL of THF was added over 1 min. The mixture was
stirred at 0°C for 10 h and was quenched with saturated aqueous NH4Cl. The mixture was stirred at room
temperature for 1 h and the phases were separated. The organic phase was diluted with 50 mL of EtOAc
and washed with NH4Cl until the agueous layer remained colorless. The combined washes were
extracted twice with EtOAc and the combined extracts were dried over NasSQy, filtered and concentrated
under reduced pressure. Flash chromatography on silica gel with 60% ether-hexanes afforded 104 mg
(94%) of mixed alcobols. GC analysis indicated 26.4% benzyl alcohol (from elimination product), 8.5%
Sn2-Z,47.2% SN2-E and 16.9% Sn2-F products.

Reaction of (28),(E)-5-Benzyloxg-1,2-e oxy-3-pentene (A14) with Cul, MeLi and BF3 » Et20
(Method D). To a slurry of 231 mg (1.21 mmol) of Cul20 in 10 mL of dry THF-Et20 (5:1) at -5°C was added
0.85 mL of MeLi (1.4 M in Et20). The mixture was stirred at -5°C for 20 min, cooled to -78°C and charged
with 0.22 mL (1.78 mmol) of BF3 « Etg0. This mixture was stirred at -78°C for 30 min and a solution of
70.5 mg (0.37 munol) of ether Al4 in 2 mL of EtsO was added over 1 min. The mixture was stirred at
-78°C for 1 h and allowed to slowly warm to room temperature. The mixture was stirred at room
temperature for 1 h, cooled te 0°C and quenched with saturated aqueous NH4Cl. The mixture was stirred
for 1 h at room temgerature and the phases were separated. The organic phase was diluted with 50 mL of
EtOAc and washed with aqueous NHCl until the aqueous phase remained colorless. The combined
washes were extracted twice with EtOAc and the combined extracts were dried over NagSOy, filtered and
concentrated under reduced pressure. Flash chromatography on silica gel with 60% ether-hexanes
afforded 57 mg (76%) of mixed alcohols. GC analysis indicated 60.6% Sn2'-Z, 28.2% Sx2-E and 11.2%
Sn2-E products.’

Reaction of (28),(E)-5-Benzyloxy-1,2-epoxy-3-pentene (A14) with LiMeaCu in Et20 (Method E).
To a slurry of 303 mg (1.59 mmol) of Cul20 in 15 mL of Et0 at -5°C was added 2.3 mL of MeLi (1.4 M in
Et30). The mixture was stirred at -5°C for 10 min and a solution of 73 mg (0.383 mmol) of ether Al4in 2
mL of Etg0 was added over 2 min. The mixture was stirred at 0°C for 12 h and quenched with saturated
a%ueous NHCL. The mixture was stirred at room temperature for 1 h and the phases were separated.
The organic phase was diluted with 50 mL of EtOAc and washed with aqueous NH4CI until the aqueous
phase remained colorless. The combined washes were extracted twice with EtOAc, and the combined
extracts were dried over NaSQy, filtered and concentrated under reduced pressure. Flash
chromatography on silica gel with 60% ether-hexanes afforded 56.1 mg (71%) of mixed alcohols. GC
a?:éysis indicated 41.8% benzyl alcohol (from elimination product), 24.6% Sy2-E and 33.6% Sn2-E
products,

Reaction of (48,58),(E)-5,9-Dimethyl-4,5-epoxy-2,8-decadien-1-0l (B8) with LiMeaCu (Method
A). The reaction as described for Al4 was followed with 1.04 g (5.45 mmol) of epoxide B6, 4.11 g (21.5
mmol) of Cul20 and 30 mL of MeLi (1.4 M in Et20) in 100 mL of dry THF. After aqueous workup, flash
chromat.ogra?hy afforded 0.801 g (81%) of mixed alcohols. [a] ,?*-5.64° (¢ 3.79, CHCl3). Monosilylation by
the method of Chaudhary and Hernandez19 as described below afforded 0.997 g (83%) of mixed ethers. GC
analysis indicated 16% of the syn-E and 84% of the anti-E products.

Reaction of (48,568),(E}-5,9-Dimethyl-4,5-epoxy-2,8-decadien-1-0l (B§) with LiMeCuCN (Method
B). The reaction as described for A14 was followed with 151 mg (0.77 mmol) of epoxide B§, 1.10 g (11.3
mol) of CuCN20 and 8.0 mL of MeLi (1.4 M in EtgO). After alueous workup, flash chromatograghy
afforded 137 mg (84%) of mixed diols, Monosigylation by the method of Chaudhary and Hernandez!9 as
described below afforded 181 mg (86%) of mixed ethers. GC analysis indicated 12% of the syn-E and 88%
of the anti-E products.

Reaction of (48,58),(2)-5,9-Dimethyl-4,5-epoxy-2,8-decadien-1-0l (B8) with LiMesCu (Method
A). The reaction as described for Al14 was followed with 0.45 g {2.32 mmol) of epoxide B8, 1.84 g (2.82
mmol) of Cul20 and 6.5 mL of MeLi (1.4 M in Et20) in 40 mL of dry THF. After aqueous workup, flash
chromatography afforded 369 g (75%) of mixed alcohols. [a] ;% 22.3° (¢ 1.48, CHCl3). Monosilylation by
the method of Chaudhary and Hernandez19 as described below afforded 0.66 g (73%) of mixed ethers. GC
analysis indicated 97% of the syn-E and 3% of the anti-£ products.

Reaction of (48,55),(2)-5,9-Dimethy}-4,5-epoxy-2,8-decadien-1-0l (B8) with LiMeCuCN (Method
B). The reaction as described for A14 was followed with 123 mg (0.626 mmol) of epoxide B8, 843 mg (9 .41
mmol} of CuCN?20 and 6.7 mL of MeLi (1.4 M in Et30). After aqueous workup, flash chromatograghy
afforded 117 mg (88%) of mixed diols. Monosilylation by the method of Chaudhary and Hernandezl? as
described below afforded 163 mg (90%) of mixed ethers. GC analysisindicated 1% of the syn-E and 99% of
the anti-E produets.

Reaction of (48,5R),(2)-5,9-Dimethyl-4,5-epoxy-2,8-decadien-1-0l ((6) with LiMesCu (Method
A). The reaction as described for A14 was followed with 114 mg (0.58 mmol) of epoxide C6, 480 mg (2.52
mmol) of Cul20 and 3.6 mL of MeLi (1.4 M in Et30) in 15 mL of dry THF. After aqueous workup, flash
chromatography afforded 120 mg (93%) of mixed diols. Mono silyl ethers were prepared by the method of
Chaudhary and Hernandez!9 in which a solution of 120 mg (0.58 mmol) of the above diols in 5 mL of dry
CH3Clg at room temperature was treated with 119 mg (0.79 mmol) of 2-butyldimethylsilyl chloride, 0.2
mL (1.44 mmol) of E{3N and catalytic DMAP. The mixture was stirred at room temperature for 6 h,
diluted with 50 mL of ether and washed with water. The organic phase was dried over NagS0y, filtered
and concentrated under reduced pressure. Flash chromatography on silica gel with hexanes-30% ether-
hexanes gradient afforded 171 mg (90%) of mixed ethers. Gg;nalysis of the silyl ethers indicated 5% syn-
E and 95% anti-E products.

Reaction of (4S,5R),(Z)-5,9-Dimethyl-4,5-epoxf—2,8»decadian-1-0! {C8) with LiMeCuCN
{(Method B). The reaction as described for A14 was followed with 152 mg (0.78 mmol) of epoxide C8,
1.107 g (12.3 mmol) of CuCNZ20 and 8.8 mL of MeLi (1.4 M in Etz0). iﬁer agqueous wor%p, flash
chromatography afforded 158 mg (95%) of mixed diols. [a],?! 13.2° (¢ 7.91, CHCl3). Monosilylation by the
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method of Chaudhary and Hernandez1? as described above afforded 221 mg (94%) of mixed ethers. GC
analysis indicated 3% of the syn-E and 97% of the anti-E products.

Reaction of (4S,5R),(E)-5,9-Dimethyl-4,5-epoxy-2,8-decadien-1-0l (C5) with LiMe2Cu (Method
A). The reaction as described for A14 was followed with 122 mg (0.62 mmol) of epoxide C5, 538 mg (2.82
mmol) of Cul20 and 4.0 mL of MeLi (1.4 M in Et20) in 20 mL of dry THF. After aqueous workup, flash
chromatography afforded 126 mg (95%) of mixed alcohols. Monosilylation by the method of Chaudhary
and Hernandez1? as described above afforded 185 mg (96%) of mixed ethers. GC analysis indicated 86% of
the syn-E and 14% of the anti-E products.

Reaction of (4S,5R),(E)-5,9-Dimethyl-4,5-epoxy-2,8-decadien-1-0l (C5) with LiMeCuCN
(Method B). The reaction as described for A14 was followed with 136 mg (0.69 mmol) of epoxide C5, 959
mg (10.7 mmol) of CuCN20 and 7.5 mL of MeLi (1.4 M in Et20) in 15 mL of d?r ether. After agqueous
workup, flash chromatography afforded 136 mg (90%) of mixed alcohols. [al;??-15.6° (¢ 6.23, Cci{Cla).
Monosilylation by the method of Chaudhary and Hernandez19 as described above afforded 188 mg (90%)
of mixed ethers. GC analysis indicated 90% of the syn-E and 10% of the anti-E products.
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