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Abstract: Lithiated diallyl ethers with cis- or trm-configuration of the anionic moiety were 
generated from the diallyl ethers 10, from the vinylogous O,S-acetals 13, and from the O,S- 
acetals 14 by treatment with nBuLi (in the case of 10) or with lithium naphthalenide (in the case 
of 13 and 14). [2,3]-Wittig rearrangements ensued whose syn,anti-selectivity was studied. 

Wittig rearrangements are base-induced isomerizations of cw-metalated ethers giving alcoholates l. The 

first report about such a reaction is a 1942 paper by Wittig and Lijhmann 2. It describes the [1,2]-Wittig re- 
arrangement of dibenzyl ether with PhLi leading to 1,2-diphenylethanol. The first [2,3]-Wittig rearrange- 
ment was discovered by the same research group seven years later 3. It was - again PhLi-mediated - the con- 
version of ally1 fluorenyl ether 1 into the carb.mol4. Interestingly, it lasted several years until Wittig’s pupil 

Schiillkopf set out together with Fellenberger to prove that the fluorenide intermediate 2 of this reaction 
gives the lithium alkoxide 3 of carbinol 4 through a [2,3] and not through a [1,2] sigmatropic shift 4. 

1 Scheme I. 2 3 4 

By now, the [2,3] mode of the Wittig rearrangement has become a worthwhile tool in synthesis l. The 
most frequently used entry into this rearrangement is deprotonation of an acceptor substituted ally1 ether with 
one of the BuLi isomers or with a lithium amide. [2,3]-Wittig rearrangements where the carbanionic moiety 
is 0-CH,-Li are usually performed by the Wittig-Still procedure 5, i.e., Sn/Li exchange in an (Y- 
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tributylstannylated or cr-trimethylstannylated ally1 ether. [2,3]-Wittig rearrangements of ally1 ethers with an 
0-C(Alk)H-Li moiety are initiated through the reductive cleavage of OS-acetals derived from ally1 alcohols 

as demonstrated by Broka et al. 6 and ourselves 7; this approach was based upon the reductive lithiation 
methodology 8 pioneered by Cohen 9 and Screttas lo. 

[2,3]-Wittig rearrangements of lithiated ally1 ethers with the substructure RrR%=C-C-0-C(Rs)(Rd)-Li 
- provided that Rr is unequal to R2 and R3 unequai to R4 - can exhibit a “non-induced diastereosekctivity” 
since two vicinal stereocenters are created. Of the two diastereomeric (racemic) rearrangement products 
which may be obtained, one is frequently obtained in excess over the other l. Such non-induced diastereo- 
selectivities of Wittig rearrangements are also referred to as syn,unfi selectivities (cf. stereoformulae of 

Scheme 2 for illustration). Yet, why a given metalated ether rearranges with a certain non-induced diastereo- 
selectivity is not explicable in a straightforward manner 1. 

nBuLi 

* MyJ + Mh eq. (1) 

84% anti 16% syn 

0 
H 

< 
Me 0 

U \ 
nBoLi ) Mh + Mk 

eq. (2) 

cis-5 92% syn 8% anti 

eq. (3) 

6 
(ca. 70% cis) 

7 
(for deprotonation here) 

LThfP 

* 

8 

95% anti 5% syn 

55% anti 45% syn 

/ 
OH 

y3c, 

100% syn 

eq. (5) 

Scheme 2. Non-induced diastereoselectivity of [I&3]-Wittig rearrangements of diallyl ethers 
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The present report elucidates a hitherto tmrecognized factor which influences the syn,anri-selectivity in 

the particular case of the [2,3]-Wittig rearrangement of lithiated diallyl ethers. It complements the previously 

identified factors (Scheme 2) which are firstly the double bond conllguration of the nonlithiated ally1 moiety 
[c$ eq. (2) tt vs. eq. (1) tt]; secondly, the substituent at C-3 of the nonlithiated ally1 moiety [cj eq. (3) 12 
vs. eq. (2)]; and thirdly, the ring size of the starting material if cyclic diallyl ethers am ringcontracted 
through the rearrangement [cj eq. (5) 13 vs. eq. (4) 141. 

STARTING MATERLU 

A prerequisite for our study was the synthesis of three types of rearrangement precursors: diallyl ethers 

10, vinylogous O,S-acetals 13, and O,S-acetals 14. Incorporated into them were the rruns- and cis- 

configurated alcohols 9 which were obtained from the corresponding propargyl alcohols (Scheme 3). The 
semihydrogenations of the latters over Lindlar catalyst were cis-selective. However, the rert-butylated 
alcohol did not take up hydrogen. Therefore, we could not include derivatives of ally1 alcohol cis-9d in our 

study. The complementary truns-reduction of the propargyl alcohols was realized with Lii, and the 
Fiesers’ workup 15. The obtained ally1 alcohols and the commercially available fruns-crotyl alcohol (95% 

trans) were allylated with NaH / ally1 bromide providing the diallyl ethers 10 as our first rearrangement 

precursors in 67-96% yield (Scheme 3). 

R OH 

U \ 
cis-9a-c 

I R I I I I Config. % Yield 9 % Yield 10 46 Yield 11 

Me trans - 87 95 OH 
,I cis 84 81 

An(CH& trans 96 85 95 

II cis 89 67 95 tram-9b-d 

c d) d 

* 4 

trans-, cis-lOa-d 

C) 

Scheme 3. a) H2 (5 bar), Lindlar Pd. CH$12, room temp., 2 d.- b) LiAlH4 (3 eq.), THF, room temp., 18 h.- c) 
Me$iCI (1.5 eq.). imidazole (2.0 eq.), CH$& room temp.. 16 h.- d) NaH (2 eq.), ally1 bromide (2 eq.), THF, rmm 

temp., 14 h. 
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tram-, cis-118-d 

I R 
I 

Config. 

” II cis 
trans-, cis-13a-d d tcrt-Bu tram 

96 Yield 12 % Yield 13d) % Yield 14d) 
I 

69 39 57 
/ 

26 21 44 

55 43 26 
1 

PhS 0 

67 24 
R’ rJ\I 

18 30 

18 58” - trans-, cis-14n.b 

&eme 4. a) Acroiein (0.45 mol per owl of II), Me$iO-SO,-CF3 (5 mol-%), CH&, -78T, 5 h.- b) &+Sn(SPh)z 
and BF3 etherate (0.50 and I.0 nwl per mol of 12. respectively), toluene, -78”C, I h.- c) Et& (3.0 eq.), PhSH (1.5 
eq.), toluene, O’C, 2 h.- d) fields of pure fracdons of 13 and 14, respectively; the rest (sometimes: bulk) of these 
materials was not liberated from inqwities.- e) En01 ether moiety: 87:13 trans:cis. 

Table I. lH-NUR data of vinylogous (13) and simple O,S-acetals (14) in CDC!, or in C& (cis-13c, 14b) 

R 
I 

Me 
(3 

AWHz)z 
II 

CJJ6Hll 
,, 

tea-B u 

Config. 

tram 

cis 

tram 

cis 

trans 

cis 
trans 

h’-H h-H J1’,2’ 83*-H 

6.31 4.89 12.5 3.49 

6.33 4.89 12.6 3.50 

6.30 4.88 12.6 3.49 

6.24 4.82 12.6 3.46 

6.32 4.88 12.5 3.49 

6.20 4.86 12.5 3.25 

6.35 4.91 12.5 3.51 

63’458 63’_HZ 62’_H 6,*-H J1.2 

5.08 5.23 5.88 5.25 5.4 

5.09 5.23 5.89 5.25 5.3 

4.91 5.28 5.91 5.12 4.8 

4.90 5.25 5.88 5.08 4.9 

Trimethylsilylation of the same ally1 alcohols 9a-d with Me$iCl I imidaz.ole furnished the TMS ethers 
tram- and cis-lla-d (7596%; Scheme 3). The TMS ethers were then converted into acrolein acetals by the 
Noyori procedure l6~ 17, i.e., treatment with (trhnethylsilyl)triflate and acrolein (Scheme 4). Five acetals 12 
were isolated in 5578% and acetal mans-12 in 26% yield. Next, we had to transform these acetals into the 
vinylogous O,S-acetals 13 on the one hand and into the simple O,S-acetals 14 on the other hand. While we 
could not reach complete chemoselectivity in this regard, we found conditions with sufficient bias towards 
either desired direction. Following closely related experiments by Otera et al. 17, the reaction of O,O-acetals 

13 14 
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12 with Bt~.$n(Sph)~ led mainly to the vinyiogous O,S-acetals 13. Repeated passages through flash chroma- 

tography columns charged with silica gel 18 provided them isomerically pure in yields between 21 and 58%; 

their enol ether moiety contains a frorr.r C=C bond as judged from 3JoVtic = 12.5-12.6 Hz in the tH-NMB 

spectra (Table 1). As expected 17 we did not obtain isolable amounts of the cis enol ether counterparts. 

Our best conditions for the conversion of O,O-acetals 12 into the simple O,S-acetals 14 represent a 
modification of Ma&i’s method for the conversion of 0,0-ketals into OS-ketals 19. Instead of using a re- 
agent Et+lSPh resulting from equimolar amounts of Et@ and PhSH, we let 12 react with twice as much 

E$Al (3.0 eq.) as PhSH (1.5 eq.). Since again repeated passages over flash silica gel were required to sepa- 
rate the O,S-acetals 14 from isomers and other comamutants, we were only able to obtain the less nonpolar 

compounds fruns- and cis-14a as well as cis-14b in pure form (NMK data: Table 1). The preparation of 
trans- and cis-14c as well as of fruns-14d, although not less successfir as evidenced by the tH-NMB spectra 

of the crude reaction mixtures, had therefore to be abandoned. 
Because of the labor behind the described tranformations, we explored two alternative routes to the 

crotyl ether based O,S-acetals trans- and cis-14a and the corresponding vinylogous O,S-acetals frwts- and 

cis-13a. One started from y-@henylseleno)propional&hyde (15) which was readily available by the Michael 
addition of PhSeH to acrolein 20 (Scheme 5). This aldehyde was subjected to our one-pot synthesis of O,S- 

acetals which is a reaction between a silyl ether (trans- or cis-lla), PhSSiM%, and (trimethylsilyl)triflate in 

CH,Cl, at dry ice temperature *l. The Se-containing O,S-acetals rrans- and cis-16a resulted in fairly low 

yields of 47 and 33 %, only. The problem was a side reaction in which about half of the starting akiehyde 15 

did not incorporate the TMS ethers but formed the 0-silylated O,S-acetal 17 through an Evans-type reac- 
tion ** with PhSSiMe, and (trimethylsilyl)triflate, alone. Fortunately, the PhSe group in the O,S-acetals 16a 
could be oxidized selectively 23 by MCPBA at -78°C. A iPr2NH-mediated g-elimination of PhSeOH from 
the putative selenium oxide intermediate in refhtxmg CH& 24 led to the O,S-acetals truns- and cis-14a in 

73 and 81 %J yield, respectively. Gratifyingly, they resulted without the need of separation from isomers. 

15 

tram-, cis-16a trans-, cis-148 17 

Scheme 5. a) PhSeH, EtOH, 0 - -20°C. overnight.- b) trans-lla (0.9 eq.) or cis-lla (0.9 eq.), Me$iO-SOrCFj (0.45 
eq.). CH+z, -78°C. I h; pyridine; 47% tra?wl4a / 34% 17 and 33% &l&a / 48% 17, respectively.- c) MCPBA 

- 78°C. I h; iPr$Fl (2 eq.), transfer into boiling CH#&, 30 min; 73% trans-14a and 81% cis- 

The alternative route to the crotyl alcohol based vinylogous O,S-acetals trans-,cis-Wa started from the 
known tt crotyl propargyl ethers trerrs- and cis-19a (Scheme 6). A terf-BuOK mediated isomerization 25 
converted them into the allenyl ethers warts- and cis-Ma, respectively. Only after considerable experimenta- 
tion were we able to add PhSH to these compounds *e and to retrieve products through flash 
chromatography on silica. The allenyl ether with the frun.s-configurated crotyl group delivered two 
vinylogous OS-acetals: 34% trans-Wa with a mzns-enol ether moiety and 13 % cis-fruns-Ua with a cis-en01 
ether moiety. From PhSH and the allenyl ether with the cis crotyl group we obtained a single vinylogous 
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O,S-acetal cis-Ua with a trans-enol ether moiety in 37% yield. 

o,s-acetal cis-14a. 

II 

0 
1 

b) 

SPh 

tram-13a cis-trans-130 

(34%) (13%) 

Furthermore, we isolated 3% of the simple 

cis-13a cis-14a 

(37%) (3%) 

Scheme 6. a) tert-BuOK (0.13 eq.), THF, room temp., I h, SOT, 5 h; 57% trans-l&a and 78% cis-l&a.- b) PhSH 

(1.0 eq.), HBF4 (cat.), CH,Cl~, -4O”C+ -IO”C, 2 h; aq. NaOH (2 M). 

RMRRANahfENTs 

With the precursors 10 (diallyl ethers), 13 (vinylogous O,S-acetals), and 14 (simple OS-acetals) in our 
hands, their respective [2,3]-Wittig rearrangements were performed as summarized in Scheme 7. The ally1 

ethers 10 were lithiated in THF with n-BuLi (1.2 eq.) essentially under Nakai’s conditions 11, i.e., starting 
at -78°C and raising the temperature to ambient during several hours. The O,S-acetals 14 and their 
vinylogues 13 were dissolved in THF and added to THF solutions of LiNaphth (3 eq.) at -78°C; after 1 h, 
the starting materials were completely consumed. In order to determine the diastereoselectivity of these 
reactions, the rearranged alcoholates were ester&d with PhCOCl. The resulting benzoates 20a-d were 
analyzed by capillary GLC of the crude reaction mixtures and revealed the isomer ratios listed in Scheme 7. 

Subsequently, flash chromatography provided either the pure benzoates (2Oa, b) or benzoates (2Oc, d) which 
could not be separated entirely from PhSC(=O)Ph or Bu.$(OH)Ph. These contaminants are the 

benzoylation products of excess reagent in the n-BuLi induced and of the stoichometric byproduct PhS-Li+ 
of the LiNaphth induced rearrangements, respectively. 

The vinylogous OS-acetal cis-trans-Ua was rearranged/benzoylated under similar conditions and gave 
83% of the benzoates 20a as a 19:81 syn,anti-mixture (Scheme 8). 

Last but not least, two vinylogous OS-acetals (Vans-13a, cis-Ua) were submitted to [2,3]-Wittig 
rearrangements via ally1 potassium intermediates upon cleavage of the C-S bond of the starting materials 
with potassium naphthalenide (c$ t9b); here, the benzoylated rearrangement products 20-a were isolated in 77 
and 54% yield, respectively (Scheme 9). 
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trans-, cis-10 Warts-, cis-13 tmns-, cis-14 

b) b) 

ZOa-d (isomer 1) ZOa-d (isomer 2) 

Yields and isomer ratiosd) of 20 statting from trans-configurated compounds 

R Config. from 10 from 13 ‘) from 14 
- 

a Me trans 93% (22:78) 83% (81:19) 71% (34:66) 

b An(CHz)z trans 7596O (23:77) 81%O (77323) 82@ (28:72) 

e C_C6HI I trans 88% (9:91) 79%‘) (44:56) 

d tert- B u tmns 98% (9:91) 94# (15:85) 

Yields and isomer ratiosd) of 20 starting from cis-configurated compounds 

R Config. from 10 from 13 from 14 
- 

a Me cis 88% (92: 8)” 74% (92: 8). SO% (85:15) 

b An(CH& cis 66%‘(93: 7) 78%O (92: 8)’ 73%‘) (91: 9) 

e c-C6H 11 cis 90% (89:ll) 69% (91: 9) 

Scheme 7. a) n-3uLi (1.2 eq.), THE -78”C+ room temp., 5 h; + -78°C PhCOCl (2.2 eq.), + room temp., 16 h.- b) 
LiNaphth (3.0 eq.), THF, -78°C 1-4 h; PhCOCl (1.2 eq.), -78°C -+ room temp., 16 h.- d) (Isomer l):(isomer 2); 
isomer 1 elated from the GLC column afrer isomer 2.- e) En01 ether moiety of trarwl3d: 87:13 trans:cis.- JJ 
Contained Bu,C(OH)Ph (starring from IO), PhSC(=O)Ph (starting from 13/14), and naphthalene (starting fronr trans- 
13~); yield estimated from the IH-NMR spectrum. 

SPh 

LiNaphth (3.3 eq.), THF. -78”C, 5.5 h; 

PhCOCl (6 eq.), +room temp.; 83% 

y%J’h + x’” 

cis-trans-138 syn-208 anti-2011 

19 81 

8, Scheme 
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trons-13a syn-20a anti-2Oa cis-13a 

from trans-130: 

I I 

from cis-13a: 

. . 

‘~is~~~~ 1 i 

. 

I’,” is’;;; 

&heme 9. Counterion eJ%ct on the non-induced akzstereoselectivity 

Unfortunately, the stereostructure of the obtained benzoates 20 could not be deduced from their tH- or 
t%!-NMR data. The configuration of 2Oc (R = C-CeHtr) and 20d (R = rert-Bu) remains therefore 
unknown. The structure of benzoate 2Oa (R = Me) was established unambiguously through the chemical 
correlation depicted in Scheme 10. Hydrogenation as a 88:12 mixture of isomer 1 (e slower isomer by 

capillary GLC) and 2 (or faster isomer by capillary GLC) provided the saturated benzoates 21 as a 87: 13 
mixture of diistereomers. An independent synthesis provided the same benzoates 21 with a reversed 
diastereomer ratio (17:83) through the hydrogenation of benzoates 23. These were prepared from 
propionahkhyde and Hoffmann’s crotylboronate 22 (4: 1 frumcis mixture) as a configurationally predictable 
88:12 Mti,ryn-mixture 27. Comparing (GLC, tH-NMR spectroscopy) the benzoates 21 derived from the 

configurationally assigned precurso rs 23 with the benzoates orighrating from the rearrangement products 
20a, the latters’ stereochemical identity turned out to be syn = isomer 1, unri = isomer 2. Presumably, 
isomer 1 of rearrangement product 2Ob should also be syn and isomer 2 of 20b anti be-cause of the similarity 
between isomer 1 (2) of 2Ob with ryn-2Oa (anri-2Oa) with respect to relative migratory aptitude on the GLC 
column and to *3C-NMR shifts and to the stereoselectivities of the formation reactions (Scheme 7). 

20a 

(88:12 mixture) 

21 

(87:13 mixture) 

anti-2 1 syn-2 1 

83 : 17 

t 
b) 

anti-23 syn-23 

22 (4:l mixture) 88 : 12 

sckme 10. a) 10% J’d/c, Hz (1 bar), AcOEt, room temp., 2 h; 88%.- b) Same as a), I h; 94%.- c) 22 (1.24 eq), 
. propionaidehyde, pentane, -78°C + room temp., overnight; aq. wonhcp; KH THF, 0 + -78°C; PhCOCl, -, room 

temp.; 63%. 
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DISCUSSION 

The non-induced diiselectivities of the [2.3]-Wittig reanangements of Scheme 7 can be analyzed 
going through the inchuled tables - one for the tnsns- and one for cis-wnfigurated start& materials - ver- 
tically or horizontally. “Vertical comparisons” concern the generation of a series of benxoates from a com- 
mon type of precursor. The structural variation takes place only in that part of the molecule which becomes 
the non-lithiuted moiety of the lithioether. However, we do not know the stereostructure of the rearrange- 

ment products 2fk and d. Therefore, meanit@ “vertical comparkons” are not yet possible. What is pos- 
sible, though, are “horizontal comparisons”. They concern the generation of pairs of diastereomers of given 
benzoates from ally1 ethers Zruns-,cis-20, from vinylogous O,S-acetals Puns-,cis-23, and from simple O,S- 
acetals trans-,cis-24. These precursors differ from one another only in the moiety which becomes the aifyl 
lithium part of the lithioether. As Schemes 7 and 8 reveal, there is a substantial effect of the precursor 
structure upon the non-induced diastereoselectivity of Wittig rearrangements starting from trans-olefins and 
essentially no such effect starting from cis-oleflms. 

LiNsphth; 

-PhSLi+, 

* 

-Naphth 

trons-13a 

-Naphth 

E, E-240 

cis-tram-13a 2, E-24a 

LiNaphth 

* 

-Naphth 

LiNaphth 

* 

-Naphth 

E,E-2% 

Z,E-2% 

0 
O$Ph 

3c / 
syn-20a 

anti-2Oa 

Scheme Il. Formation of rearrangement products syn.anti-2&a from precursors with trawconjigurated crotyl moiety 

The nature of the precursor effect upon the stereoselectivity of the rearrangements in the trans-series 
emerges from Scheme 11. Shown are the syn,anri-selectivities of the Liiaphth induced rearrangements of 
the vinylogous OS-acetals tm- vs. cis-truns-Wa. They are exactly reversed: syn:unti 81:19 was observed 
starting from trans-Ua, syn:anti 19:81 starting from cis-trans-13a. The- substrates trans- and cis-trans-Ua 
differ from one another only in that the former is a tram- and the latter a cis-configurated enol ether. This 
difference must translate into a structural difference between the lithioether obtained with Liiaphth from 
truns-Ua and the lithioether obtained from cis-truns-13a: If there were an identical lithioether intcrmediite, 
the rearrangements truns-Ua + 201 and cis-trans-13a + 2Oa would display the same syn,unti-selectivity 
which is not the case. Therefore, the C=C bond configurations of the enol ether moieties are retained until 
the rearrangement begins. This excludes isomerizations E,E-24a P Z.E-24a between the ally1 radicals which 
am generated - along with PhS-Li + - when the first equivalent of Liiaphth cleaves the C-S bond. There is 
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neither an interconversion E,E-25a P Z,E-25a of the lithiated ally1 ethers which are obtained from these 
radicals through electron transfer from the second equivalent of the reductant. 

In the rearrangements of Scheme 11 there need not be 100% of retention of configuration since the 
diastereosekctivities were not 1OO:O but 81:19. 81% retention and 19% inversion of cotiguration would 
still be in line with this ratio if both lithioethers - E,E-25a and Z,E-25a - rearranged with complete 

stereocontrol. More plausible, however, is the assumption that there is no crossover at all between the E,E- 

and the Z,E-series of ally1 radical (24a) and Iithioether (25a) intermediates of these Wittig rearrangements: It 
is conceivable that the vinylogous O,S-acetaI mm-Ua reacts exclusively via lithioether E,E-25a with the 
exe-oxygenated ally1 anion moiety and cis-13a exclusively via lithioether Z,E-25a with the endo-oxygenated 
ally1 anion moiety. In this view, lithioether E,E-25a would rearrange with 81:19 syn- and lithioether Z,E- 

25a with 81:19 anti-selectivity. That the configuration of the carbanionic moiety of lithiated diallyl ethers 
influences the diastereoselectivity of the [2,3]-Wittig rearrangement is here documented for the first time. 

rf-WWlOa Z,E-25a syn-26a (syn-2Oa) anti-26a (anti-20s) 

scheme 12. 

Our interpretation agrees perfectly with the 79:21 syn,anti-selectivity reported by Nakai et al. for the 

BuLi-induced Wittig rearrangement of ally1 ether truns-1Oa giving 26a 11 (Scheme 12); we reproduced this 
ratio - benzoylation as 2Oa (93%) included - almost exactly (78:22). This is because Nakai’s rearrangement 
should proceed selectively via the same lithioether Z,E-25a with endo-oxygenated ally1 anion moiety which 
we had created purposely by the method of Scheme 11. In fact any ally1 ether 27 seems to give ,lithioethers 
28 with endo-oxygenated ally1 anion moiety as shown by Evans’ 28 and Still’s 29 groups through selective 
trapping with electrophiles as cis-enol ethers 29 (Scheme 13). In order to account for the high stereoselec- 
tivity of this metalation reaction, Still visualized the e&o-oxygenated ally1 lithium 28 as chelated structure 

28a 29. 
/ 

C 
sti+<‘-q s” 

P ’ 
R -7aOc I: A A 

scheme 13. 27 28 29 28a 

Table 2 surveys substituent effects upon the non-inducfA diastereoselectivity in pairs of [2,3]-Wittig 
rearrangements which proceed - according to the previously said - via isomeric ally1 anions, The LiNaphth 
induced Wittig rearrangements of the vinylogous O,S-acetals truns-13 should occur esse&ally if not com- 
pletely via lithioethers E,E-25 with exe-oxygenated ally1 anion moiety. The BuLi induced rearrangements of 
diallyl ethers truns40 should lead to product exclusively via lithioethers Z,E-25 with en&-oxygenated ally1 
anion moiety. Table 2 shows that the difference of the diastereoselectivities resulting via ally1 anions E,E- 

vs. Z,E-25 is ,greatest when the substituent R is smallest (a, R = Me: .81:19 vs. 22:78). It decreases with 
increasing size of R and vanishes almost when R = tert-Bu (d: 15:85 vs. 9:91). 
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Table 2. R @ects and non-induced diastereoselecdvity (“a%“) of [2,3]-mttig rearrangements of lithioethers with exe- 
vs. em&oxygenated ally1 anion moieries (RR-CH=CH-CH2 moiety always trans configurated). Isomer rados are 
syn.an.u for a and b, (isomer 1) : (isomer 2) for c and d 

trans-13a-d E,E-25a-d 

R 

Me 

CWzAn 

c-C6Hl1 

tert-Bu 

ds (yield) 

via E,E-25 

81:19 (83%), 

II:23 (819bb3 

4456 (799bb)) 

I?85 (94%b’) 

Z,E-25a-d 

ds (yield) 

via Z, E-25 

22:78 (93%) 

23:77 (7S4bb’) 

991 (88%) 

9:91 (98%) 

BuLi; l- -BuH 

tmns-lOa-d 

a) Enol ether moiety of trans-13d: 87:13 trans:cis.- b) Contained Bu&(OH)Ph (starting from IO), PhSC(=O)Ph 
(star&from 13114) and naphthalene (starting from trans-13c); yield estimated from tH-NMR spectrum, 

The bottom half of Scheme 7 reveals that when one starts from cis-olefii exo- vs. e&o-oxygenation 
of the ally1 anion moiety does not influence the syn,anti-selectivity of the [2,3]-Wittig rearrangement. 
Scheme 14 illustrates this finding for the specific case of Wittig rearrangements of ally1 anions with a cis- 

crotyl ether moiety; here, the configurations of the products are known. 

PhS 
LiNaphth; 

-PhS’Li’, 

* 

-Naphth 

*. 

\ 
.‘I 

: I u \ LiNaphth 

* 

-Naphth 

cis-13s E. Z-24a E,Z-25s 

BuLi 
* 

cis-10s z,z-25s 

syn-20a 

anti-2Oa 

Scheme 14. Formation of rearrangement products syn.antifOaafrom precursors with cis-configurated crotyl moiety 

The last lesson to be learned from Scheme 7 comes from an inspection of the diastereoselEtivit& of 
the Wittig rearrangements of the four O,S-acetals truns-,cis-14a,b. They are similar to those observed in the 

9 
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corresponding diallyl ether (10) rearrangements. This means that compounds 14 furnish essentially e&o- 
substituted ally1 anlons upon treatment with LiNaphth. 

E,E-250 E,Z-2% 

Z,E-2511 z,z-25s 

IS. liansition struchues rationalizing the sin@ akstereoseiectivity of C-C bond formation through [2,3]- 
Wittig rearrangements of metalated akllyl ethers 

The essence of our study with regard to a refined understanding of the transition state of the [2,3]- 

Wittig rearrangement 30 and to a future comprehension of its non-induced diastereoselectivity is ’ zd 
in Scheme 15: Ally1 anions with an t?x& (E,E-2Ja) vs. e&o-disposed (2,&25a) rmnscrotyloxy substituent 

exhibit opposife facial selectivities during C-C bond formation, ally1 anions with an e.w- (E.Z-250) vs. end& 
disposed (Z,Z-25a) cis-crotyloxy substituent exhibit the same. It is noteworthy that E,E-25a and E,Z-2% 

showed unchanged and even increased diastereoselectivities, respectively, when they were rearrangedinthe 
presence of potassium instead of lithium as the counterion. 
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Experimental 

All reactions were performed in oven-dried (1OO’C) glassware under dry nitrogen. During reductions with 
Liiaphth, stirring bars with glass coating were used. THP was freshly distilled Tom K/Na. The molarity of THP 
solutions of LiNaphth was determined by dropwise addition to 4-reti-butylcyclohexanol in THP until the green 
color persisted for ca. 10 s. Products were purified by flash chromatography l8 on Merck silica gel 60 (particle 
size 0.040-0.063 mm, 230-240 mesh ASTM; eluents given in brackets). Yields refer to analytically pure samples 
(combustion analyses: Table 3). Isomer ratios of diistereomeric mixtures were derived from capillary GLC and 
suitable lH- and 1%~NMR integrals. - 1H NMR (tetramethylsilane or CHC13 internal standard in CDC13): 
Bruker AC 200, AC 250, AC 300, AMX 300, WH 400, Varian VXL 200, VXR-500s; integrals in accord witb 
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assignments; coupling constants in Hz; AB spectra: HA refers to high- and HB to low-field resonance; IR (film): 
Perkin Ehner FT-IR 1600. 

trans-5-(4-Mer~l-(2-pro~~I~)-2-propenyl (tram-lob; representarive procedure for the 
preparation of dialiyI ethers 10): At O’C tram-9b (74.6 mg, 0.388 mmol) in THF (1 ml) was added under 
vigorous stirring to a suspension of NaH (20 mg, 0.78 mmol, 2.0 equiv.) in THF (1 ml). The mixture was 
allowed to warm to room temp. and stirred for 1 h. At O°C ally1 bromide (66 pl, 94 mg, 0.78 mmol, 2.0 equiv.) 
was added. The mixture was allowed to warm to room temp.. After 14 h the reaction was quenched with satd. 
aqueous NH&I solution (1.0 ml) and extracted with tBuOMe (3 x 5 ml). Flash chromatography 

[petroleum ether/tBuOMe (50: l)] yielded fruns-lob (76.5, 85%/o).- 1H NMR (300 MHz): 6 = 2.34 (br. dt, J4,3 w 

J4,5 = 7, ~-HZ), 2.65 (t with extra peak indicating transition to higher order spectrum, 55,~ = 7.8, ~-HZ), 3.77 (s, 

OCH$, 3.92 (dd, J1,2 = 6.1, JalYl = 1.2, l-Hz), superimposed by 3.93 (dt, J1~,2~ = 5.7, Jdbl = 1.5, II-Hz), 5.17 

(dq, Jcis = 10.3, 3’-HE), 5.26 (ddt, Jhons = 17.2, Jgem = JdlYl = 1.7, 3’-Hz), AB signal (6~ = 5.59, S, = 5.73, 

JAB = 15.3, in addition split by J*,vic = 6.1, JA,~~~YI = 1.2, Js,tic = 6.5, Jdl,,l not completely resolved, 2-H, 3-H), 

5.91 (ddt, J*,,,, = 17.2, Jcjs= 10.4, J~I,~I = 5.7, 2’-H), AA’BB’ signal centered at 6.82 and 6.99 (C&I,+).- lR: v = 
2930 cm-t, 2850, 1610, 1510, 1245, 1175, 1105, 1035. 

trans-I-Cydohexyl-3-(2-propergdoxyl-l-propene (ban.-1Oc): 1H Nh4R (200 MHz): 6 = 0.94-1.39 and 1.50- 

1.80 [2m, 2 x SH, (CH&], 1.97 (%, I”-H), 3.93 (d, J 1.2 = 5.8, JdlYl not resolved, ~-HZ), in part superimposed 
by 3.96 (dt, J11,2’ = 5.8, Jallyl z 1.4, It-Hz), 5.17 (ddt, Jcis = 10.2, Jgem a Jdbl a 1.5, 3’-HE), 5.27 (ddt, Jpa”s = 

17.3, Jgem = Jaly = 1.7, 3’-Hz), 5.51 (dq, Jtrans = 15.5, 2-H), 5.65 (dd, Jrrans = 15.5, Jl,lSv = 6.2, Jdl,,l= not 

resolved, I-H), 5.93 (ddt, JhanS = 17.4, JciS = 10.3, J2’,3’ = 5.6, 2’-H).- IR: v = 2925 cm-l, 2850, 1450, 1350, 
1095,970,920. 

trans-4,4-Dimethyl-l-(2-propenyloxy)-2-pentene (trans-IO& 1H NMR (200 MHz): 6 = 1.02 [s, C(CH&], 

3.95 (q, l-Hz, l’-HZ), 5.18 (dq, Jcis = 10, 3’-HE), 5.27 (ddt, Jhons = 17.4, Jgem = Jallyl = 1.2, 3’-Hz), AB 

signal (6~ = 5.48, S, = 5.72, JAB = 15.6, in additon split by JAI = 6.1, 4JB,1 = 1.1, A: 2-H, B: 3-H), 5.93 (ddt, 

J ,rans= 17.2, J,;,= 10.4, J2’,11= 5.7, 2’-H).-IR: v = 2960 cm-l, 2865, 1460, 1365, 1105, 1085,975,920. 

cis-5-(4-Methoryphenyr)-l-(2-propenyloq+2-pen~ene (cis-lob): tH NMR (300 MHz): 6 = 2.35 (q, 4-Hz), 
2.62 (t, J5,4 = 7.7, 5-H& 3.77 (s, 0CH3), 3.90 (dt, J1’,2’ = 5.7, Jdlyl = 1.4, II-H), 3.95 (d, J1,2 = 5.1, Jdl,,l not 
resolved, l-Hz), 5.16 (ddt, Jcis= 10.4, Jgem = Jdl,,l= 1.5, 3’-HE), 5.25 (ddt, Jhans = 17.3, Jgem a JdlYl w 1.7, 3’- 
Hz), 5.58 (q, 2-H, 3-H), 5.90 (ddt, Jhans = 17.2, JcjS = 10.4, J~I,~I = 5.7, 2’-H), AA!BB’ signal centered at 6.82 
and 7.09 (C6H4).- IR: v = 3010 cm-l, 2930,2835, 1610, 1510, 1465, 1300, 1245, 1175, 1095, 1035,925,825. 

cis-3-Cyclohexyl-I-(2-propenyloxyl-2-propene (cis-IOc): tH NMR (200 MHz): 6 = 0.95-1.40 and 1.51-1.80 [2 

m, 2 x 5H, (CH&], 2.25 (q, l”-H), 3.98 (dt, J~I,~I = 5.6, JdlYl = 1.4, II-Hz), 4.05 (d with extra peaks indicating 
transition to higher order spectrum, 51,~ = 5.1, Jdl,,l incompletely resolved, l-H& 5.19 (dq, Jcis m 10, 3-HE), 

in part superimposed by 5.28 (ddt, Jhons = 17.3, Jgem = JdlYl = 1.7, 3-HZ), 5.42 (q, 2-H and 3-H), 5.93 (ddt, 
J ~,,,=17.2,J,i,=10.4,J~‘,t’=5.5,2’-H).-IR: v = 2925 cm-l, 2850, 1450, 1085,920. 

trans-I-(Trimethylsilyloxy)-2-butene (tram-lla: representative procedure for the preparation of silyI ethers 

11): Trimethylchlorosilane (44.9 ml, 38.5 g, 354 mmol, 1.5 eq.) was added dropwise to tram-9a (20.0 ml, 17.0 
g, 236 mmol) and imidazole (32.10 g, 471.5 mmol, 2.0 eq.) in CH$& (150 ml). The mixture was stirred at 
room temp. overnight, the solvent removed and the residue distilled (15 cm Vigreux column) to give 29.92 g 
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Table 3. Combustion analyses 

Compound Molecular 

formula 

Molecular 

mass 

XC Calcd.(Found) XH Calcd. (Found) 

tram-9b 

trandc 
tram-!M 
cis-9lo 
cis-9c 
tram-lob 
tram-1Oc 

tram-1Od 
cis-lob 

tram-lib 
trms-lld 
cis-llb 

truns-12a 

trans-12b 

tram-Uc 

traw12d 
cis-12b 
cis-12c 
truns-Ua 

cis-trans-Ua 
trans-13c 

truns-Wd 

cis-Ua 

cis-Uc 

trans-14a 

cis-Ma 

trans-16b 

cis-16b 

20a 
2oc 
20d 
23 

c12H1602 

C9H160 

C17H140 

C12H1602 

‘bIl6’ 

clsH2002 

C12H200 

CloH80 

C15H2002 

c15H2402si 
C,,H,,OSi 

C,,H,O,Si 

Cl lb02 

C27H3404 

‘21H34’2 

’ 17’30’2 

C27H3404 

‘21H34’2 

C13H160S 

C13H160S 

Cl~H240S 

C16H220S 

C13H160S 

C18H240S 

C13H160S 

C13H160S 

C19H220SSe 
C,,H,,OSSe 

C14H1602 

‘lbI24’2 

C17HZ202 

C14H1802 

192.3 74.97 (74.74) 

140.2 77.09 (76.78) 

114.2 73.63 (73.56) 

192.3 74.97 (75.18) 

140.2 77.09 (76.87) 

232.3 77.55 (77.48) 

180.3 79.94 (79.85) 

154.3 77.87 (77.83) 

232.3 77.55 (77.70) 

264.4 68.13 (68.12) 

186.4 64.45 (64.70) 

264.4 68.13 (67.94) 

182.3 72.49 (72.55) 

422.6 76.75 (76.81) 

318.5 79.19 (79.33) 

266.4 76.64 (76.63) 

422.6 76.75 (76.65) 

318.5 79.19 (79.17) 

220.3 70.87 (70.68) 

220.3 70.87 (70.83) 

288.5 74.95 (75.08) 

262.4 73.23 (72.92) 

220.3 70.87 (70.82) 

288.5 74.95 (74.80) 

220.3 70.87 (70.95) 

220.3 70.87 (70.79) 

377.4 60.47 (60.52) 

377.4 60.47 (60.35) 

216.3 77.75 (77.86) 

284.4 80.24 (80.07) 

258.4 79.03 (79.29) 

218.3 77.03 (77.31) 

8.39 (8.53) 

11.50 (11.73) 

12.36 (12.38) 

8.39 (8.70) 

11.50 (11.51) 

8.68 (8.66) 

11.18 (11.09) 

11.67 (11.76) 

8.68 (8.76) 

9.15 (9.02) 

11.90 (11.94) 

9.15 (9.40) 

9.95 (9.96) 

8.11 (8.08) 

10.76 (10.80) 

11.35 (11.46)l 

8.11 (8.05) 

10.76 (10.77) 

7.32 (7.26)1 

7.32 (7.17) 

8.39 (8.69) 

8.45 (8.56) 

7.32 (7.11) 

8.39 (8.43) 

7.32 (7.38) 

7.32 (7.19) 

5.88 (5.96) 

5.88 (5.76) 

7.46 (7.48) 

8.51 (8.52) 

8.58 (8.73) 

8.31 (8.19) 
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(88%, bp. 125-127”C).- lHNMR (300 MHz): 6 = 0.13 [s, OSi(CH,),], 1.69 (dmc, J4,3 = 6.1,4-H& 4.06 (dmc, 

J1,* = 5.5, l-Hz), AB signal (6~ = 5.58, $ = 5.67, JAB = 15.2, in additon split by JA1 = 5.6, J&d =1.2, JB,~ = 

6.2, A: 2,-J& B: 3-H).- IR: v = 3385 cm-l, ca. 3000,2860, 1450, 1375, 1250, 1135, 1095, 1050,965, 870, 840, 

755. 

trans-5-(4-Methoxypheny~-l-(trtmethylsi~lo~)-Z-pentene (trans-llb).- 1H NMR (250 MHz): 6 = 0.12 [s, 

Si(CH&], 2.31 (Q ~-HZ), 2.64 (%, ~-HZ), 3.78 (s, OCH3), 4.07 (dd, J1,2 = 5.3, J1,3 = 0.8, I-Hz), AB signal 

(&, = 5.59, s, = 5.68, JAB = 15.4, in addition split by JA,vtc = 5.1, JB,vic = 5.8, 2-H, 3-H), AA’BB’ signal 

centered at 6.82 and 7.08 (C$&).- lR: v = 3000 cm-l, 2955,2850, 1610, 1515, 1465, 1300, 1250, 1175, 1120, 

1040,970,875,840,750. 

trans-I-Cyclohexyl-3-(trimethylsilyIoq+l-propene (trans-11~): lH NMR (250 MHz): 6 = 0.12 [s, Si(CH$3], 

0.83-1.38 and 1.55-1.80 [2m, 2 x 5H, (CH&], 1.96 (m,., II-H), 4.08 (I+, 3-H& AB signal with transition to 

higher order spectrum (6~ = 5.49,s~ = 5.58, JAB = 15.6, in addition split by JA,~ = 5.2, JB,~s = 5.8, A: 2-H, B: 

I-H).- IR: v =2925 cm-l, 2850, 1670, 1450, 1380, 1250, 1115, 1095, 1060,970,870,840,750. 

4,4-Dimethyl-I-(tiimethylsiloxyl-2-pentene (trans-214: lH NMR (200 MHz): 6 = 0.13 [s, Si(CH&], 1.01 [s, 

C(CH3)3], 4.10 (dd, J1,2 = 5.5, Jdb, = 1.1, I-Hz), AB signal (6~ = 5.45, S, = 5.64, JAB = 15.6, in additon split 

byJ,,,1=5.6,4JB,1 = 1.1, A: 2-H,B: 3-H).-IR: v = 2960 cm-l, 2865, 1250, 1110, 1070,975,870,840. 

cis-Z-(Trimethylsilyloxyl-2-butene (cis-Zla): IH NMR (300 MHz): 6 = 0.14 [s, OSi(CH&], 1.65 (dq, 54,s = 

5.2, 4-H& 4.20 (dm,-, J1,2 = 4.8, l-Hz), 5.46-5.59 (m, 2-H, 3-H). 

cis-5-(4MethoqDheny&l-(trimethylsilyioq)-2-pentene (cis-llb): ‘H NMR (250 MHz): 6 = 0.11 [s, 

Si(CH,),], 2.33 (q, 4-H& 2.61 (m,-, ~-HZ), 3.79 (s, OCH,), 4.09 (br. d, 51,~ = 4.6,51,x not resolved, l-H& 

5.31-5.50 (m, 2-H, 3-H), AA’BB’ signal centered at 6.83 and 7.10 (C6H4).- IR: v = 3010 cm-l, 2955, 2855, 

1610, 1510, 1460, 1300, 1250, 1175, 1085,875,840. 

cis-I-Cyclohexyl-3-(trimetylsilyloryl-l-p (cis-llc): 1H NMR (250 MHz): 6 = 0.13 [s, Si(CH3)3], 0.86- 

1.45 and 1.68-1.79 [2m, 2 x 5H, (CH&], 2.24 (n&.., II-H), 4.20 (dd, J3,2 = 6.4, J3,1 = 1.2, ~-HZ), AB signal [6~ 

= 5.30, 8* = 5.41, JAB = 10.7, in addition split by JA,ll= 9.3, J*,3 incompletely resolved (ca. l.O), JB,3 FS: 5.9, A: 

I-H, B: 2-H].- IR: v = 3010 cm-‘, 2925,2850, 1590, 1450, 1250, 1085,875,840,750,705. 

3,3-Bis-(trans-2-butenyloryl-propene (trans-12a): lH NMR (300 MHz): 6 = 1.71 (dd, J41,3’ = 6.2,541,2* = 1.2, 

2 x 4’-H,), AB signal (6* = 3.95,$, = 4.03, JAB = 11.7, in addition split by JA,~* = 6.3, JA,~Q = 1 .O, JB,z~ = 6.0, 

JB,3’ = 1 .l, 2 x I’-H2), 4.96 (dt, J3,2 = 4 9,53,1= 1.0,3-H), 5.30 (dt, Jcis= 10.6, Jdlyl= Jgem = 1.3, I-HE), 5.40 

(dt, Jt,.,,,, = 17.4, Jallg = Jgem = 1.3, I-HZ), AB signal (6~ = 5.59, 8~ = 5.73, JAB = 15.3, in addition split by 

J~,1~=6.1, JA,~I= 1.4, J~,4*=6.3,&,1*= 1.4, HA= 2 x 2’-H, HE = 2 x 3’-H), superimposes in part 5.85 (ddd, 

J trans = 17.5, JciS = 10.6, J2,3 = 4.9, 2-H).- IR: v = 3020 cm-l, 2940, 2860, 1450, 1410, 1375, 1340, 1145, 

1085, 1020,965,935. 

3,3-Bis-[tra~-5-(4-methoxyphenyl)-2-pente~lo~J-I-propene (irans-126; representative procedure for the 

preparation of O,O-acetals 12) (method: ref. 16, 17): At -78°C TMSOTf (1 .O M in toluene, 0.1 ml, 0.1 mmol, 5 

mol %) was added to a stirred toluene solution (1 .O ml) of acrokin (0.13 ml, 0.11 g, 1.9 mmol, 0.45 equiv.) and 

TMS ether 11 b (I. 13 g 4.27 mmol). The mixture was stirred at -78’C for an additional 3 h and quenched by 

addition of dry pyridine (0.5 ml) at the same temp.. Extraction with satd. aq. NaHC03 (10 ml) and ether (3 x 15 

ml), drying over Na2CO3 and NazSO 4, evaporation, and flash chromatography over deactivated silica gel 
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[pretreated with 25 % aq. NH3 (3.5 weight %); petroleum ether/tBuOMe (2OO:l + 10: I)] yielded 12b (289 m& 

26%).- lH NMR (400 MHz): 6 = 2.34 (dt, J4’,3’ = J41,5e = 7.1, 2 x 4’-Hz), 2.64 (t with extra p&r in&&g 

transition to higher order spectrum, J51,4# = 7.8, 2 x S-Hz), 3.78 (s, 2 x 0CH3), 2 identical AB s&x& (8, = 

3.94, s, = 4.03, JAB = 11.9, in addition split by J&z’ = 6.5, J1/31= 1.0, JB,zS = 6.0, JB,3q = 1.1, 2 x l’-Hz), 4.92 
(dt, J3,2 = 5.0, J3,1 = 1.1, 3-H), 5.29 (ddd, J,-is = 10.6, Jgem = Jdlyl= 1.3, l-HE), 5.38 (ddd, Jt,.- = 17.4, Jgem 
=J dYl = 1.4, l-Hz), AB signal (8, = 5.59, $ = 5.74, JAB = 15.4, in addition split by JAI** = 6.2, JA4#* = 1.4, 
JB 41* = 6.5, br. B part, i.e., JB II* not resolved, A,B = 2 x 2’-H, 2 x 3’-H), 5.83 (ddd, Jbms = 17.3, Jcis = 10.6, 
52,; = 4.9, 2-H), 2 AA’BB’ signals centered at 6.82 und 7.08 (2 x CA); l the starred J values are all at once 

interchangeable.- IR: v = 2995 cm-l, 2930,2855,1610, 1515, 1465, 1300, 1245, 1175, 1105, 1035,970,825. 

3,3-Bis-(trans-3-cyclohexyl-2-proper@qv)-l-propene (trans-12~): *H NMR (250 MHz): 6 = 0.85-1.40 und 

1.56-1.83 [2m, 2 x lOH, 2 x (CH& 1.98 (m. 2 x l”-H), 2 identical AB signals @A = 3.97, S, = 4.04, JAB = 

11.9, in addition split by JAY = 6.3, JB,z~ = 5.8, 2 x II-Hz), 4.96 (dt, 53,~ = 4.9, J3,1 = 1, 3-H), 5.29 (ddd, J=i~ = 

10.4, Jgem = Jdtyl = 1.4, l-HE), AB signal @A = 5.39, $ = 5.85, JAB = 17.2, in addition split by Jem = 

Jl/dlyl = 1.4, Jcis = 10.7, JB,~ = 4.9, A: l-Hz, B: 2-H) 2 identical AB si@~ (6~ = 5.51, S, = 5.65, JAB = 
15.6, inadditionsplitbyJ~1~=6.0, J&l**= 1.2, J~,,.=6.1, br. Bpart, i.e., Jg,1*notresolved, A: 2x2’-H,B: 2 
x 3’-H).- IR: v = 2920 cm-l, 2850, 1720, 1450,1410, 1340, 1135, 1095, 1025,970,935. 

3,3-Bis-(i?an+4,4-dimethyl-2-pentenyloxy)-~-propene (trawltd, slight& contaminated): II-I NMR (200 

MHz): 6 = 1.01 [s, 2 x C(CH&], AB signal (6~ = 3.97,8g = 4.06, JAB = 11.8, in additon split by JA,~B = 6.4, 

4J~,3* = 1.1, JB,~$ = 6.0, 4J~,31 = 1.1, 2 X I’-Hz), 4.95 (dt, J3,2 = 4.9, ‘J~,I m 1, 3-H) 5.29 (ddd, J,-is= 10.5, Jgem 

= JalY, w 1.4, l-HE), 5.39 (ddd, Jbms = 17.5, Jgem m Jdlyl = 1.4, l-Hz), AB si@ (8~ = 5.47, b = 5.71, JAB = 
15.7,inadditonsplitbyJ~,~~~6.1,4J~,~~~1.1,A:2~2’-H,B:2~3’-H),5.86(ddd,J~~~~~17.6,J,:,~10.4, 
Jz3=5.0,2-H).-IR: v=296Ocm-1,2905,2865, 1475, 1460, 1360, 1140, 1100, 1035,975,935. 

3,3-Bis-[cis-5-(4-methoxvphenyl)-2-pentenykzy~l-propene (cis-126): ‘H NMR (500 MHZ): 6 = 2.35 (dt with 

extra peak indicating transition to higher order spectrum, J41,3# = J41,51 = 7.3, 2 x 4’-Hz), 2.61 (t, J51,4’ = 7.8, 2 x 
5’-Hz), 3.78 (s, 2 x OCH3), AB signal @A = 4.97, 8u = 5.04, JAB = 11.6, in additon split by JA,~ = 6.1, JB,~’ = 
5.9, in A and B part JdlYl incompletely resolved, 2 x II-Hz), 4.88 (dt, J3,2 = 4.9, JdlYl = 1.1, 3-H) 5.29 (ddd, 

Jcis = 10.6, Jgem m Jdbl = 1.4, l-HE), 5.38 (ddd, JhanS = 17.4, Jgem = Jallyl = 1.4, I-HZ), 5.58 (mc, 2’-H, 3’-H), 
5.81 (ddd, JhonS = 17.4, Jcis = 10.6, J2,3 = 4.9, 2-H), 2 identical AA’BB’ signals centered at 6.82 und 7.08 (2 x 

Cd-&).- lR: v = 2930 cm-l, 1510, 1615, 1455, 1245, 1035. 

3,3-Bis-(cis-3-cyclohexyl-2-propenyloxy)-l-propene (cis-ltc): 1I-I NMR (500 MHZ): 6 = 1.02 - 1.32 and 1.53 - 

1.74 [2m, 2 x lOH, 2 x (CH2)s], 2.27 (m,-, 2 x I”-H), Al3 signal @A = 4.10, 8, = 4.15, JAB = 12.1, in additon 
split by JA,2t = 5.6, 4J~,3~ incompletely resolved, JB,z* = 5.1, 4J~,3 t incompletely resolved, 2 x l’-Hz), 4.98 (dt, 

J3,2 = 4.9, Jdlyl = 1.3, 3-H), 5.32 (ddd, JCiS = 10.7, Jgem = Jallyl = 1.3, l-HE), 5.39 - 5.48 (m, 2 x 2’-H, 2 x 3’- 

H, l-Hz), 5.87 (ddd, JtrMS = 17.4, J,i, = 10.5, J2,3 = 4.8, 2-H).- IR: v = 3010 cm-l, 2925, 2850, 1655, 1450, 

1135, 1080, 1025,935,890. 

trans-l-[tran+3-(Phenylthio)-l-propenyloxy]-2-butene (trans-13a) and trans-I-[cis-3-(io)-I- 
propenyloxy]-2-butene (cis-trans-13a; representative procedure for the obtention of 13a from allenyl ethers 
l8a): Thiophenol (1.02 ml, 1.10 g, 10.0 mmol, 1 equiv.) and HBF4 (2 drops of a 50% solution in ether) were 
added to trans-18a (1.443 g of a 76.3% solution in THF, 10.0 mmol) in CH$$ (10 ml) at -40°C. The mixture 
was stirred for 2 h at -20 to -lO”C, then quenched by rapid addition of 2 N NaOH (10 ml) and allowed to warm 
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to room temp. After extractive workup (2 N NaOHkther), the organic layer was dried (MgS04/Na$03) and 
the solvent evaporated under reduced pressure. Flash chromatography (PETE 200/l to 100/l) gave t7~ns-13a 
(750.1 mg, 34%), cis-trans-13a (275.6 mg, 13%), and trmzs-1-[1,3-bis(phenylthio)propyl]-2-butene (183.9 rng, 
6%). - trans-13a, tH NMR; 6 = 1.71 (%, 54,~ = 6.3, 4-H$, 3.49 (dd, J3’,2’ = 7.7, J3,,1’ = 1.0, 3’-Hz), 4.10 (br. 

d, J1,2 = 6.2, l-Hz), 4.89 (dt, J2’,t’ - - 12.5,521,~1 = 7.7, 2’-H), AB signal (IS* = 5.56, S, = 5.73, JAB = 15.3, in 
addition split by JA,~ = 6.2, J&d = 1.5, JB,~ = 6.4, JB,~ = 1.1, A: 2-H, B: 3-H), 6.31 (br. d, J1q,2V = 12.5, II-H), 

7.15-7.23 and 7.23-7.37 (2m, Ar-H).- cis-frans-13a, *H NMR (300 MHz): 6 = 1.73 (%, J4,3 = 6.3, 4-H3), 
3.66 (dd, J3,2~ = 7.7, J3’,1~ = 1.2, 3’-Hz), 4.18 (dm, J t,2=6.2, 1-H2),4.50(td, J2*,,1=7.7, J,:,,=6.1, 2’-H),AB 
signal (6A = 5.55, S, = 5.73, JQ = 15.3, in addition split by JAI = 6.2, Jq4 = 1.5, JB,4 = 6.4, JB,l = 1.1, A: 2- 
H, B: 3-H) 6.06 (dt, J1q,2t = 6.2, J1~,3~ = 1.1, l’-H), 7.10-7.18 and 7.20-7.38 (2m, Ar-H). 

trans-5-(4-Metho~he~~-l-[~~-3-~henyithio)-I-pro~~[o~32-pentene (imwl3b; representative 
procedure for the preparation of vinylogous OS-acetals lfb,c,d; method: ref. 17): At -78°C BF30Et2 (1 .O M 
toluene solution, 0.66 ml, 0.66 mmol, 1.0 equiv.) was slowly added to a solution of O,O-acetal 13b (280 mg, 
0.663 mmol) and Bu$n(SPh)2 (150 mg, 0.33 mmol, 0.5 equiv.) in toluene (2 ml). After stirring for 30 mitt at 
this temperature the reaction was quenched with dry pyridine (0.5 ml). The mixture was poured into aq. 1.0 M 
NaOH solution (5 ml) and extracted with tBuOMe (3 x 5 ml). The combined extracts were dried 

(Na$O$Na2SO4) and evaporated. Flash chromatography over deactivated silica gel [pretreated over 25 % aq. 

NH3 (3.5 weight %); petroleum ether/tBuOMe (200: 1 + 50: I)] yielded trans-13b (48.5 mg, 21%).- tH NMR 

(500 MHz, CDCl,): 6 = 2.33 (mc, ~-HZ), 2.64 (t, J5,4 = 7.8, ~-HZ), 3.49 (dd, J3’,2’ = 7.8, Jallyl = 0.9, 3’-Hz), 

3.79 (s, OCH& 4.11 (br. d, J1,2 = 6.0, l-Hz), 4.88 (dt, J~I,~I = 12.5, J2~,3# = 7.7, 2’-H), AB signal (6A = 5.56, S, 
= 5.74, JAB = 15.3, in additon split by Jllvic = 6.2, 4J~,a,,l = 1.4, JB,vjc = 6.6, aJ~,,all~l incompletely resolved, 
2-H 3-H) 6.30 (d, J1’,2’ = 12.6, II-H), AA’BB’ signal centered at 6.83 and 7.09 (ChH4), 7.16-7.36 (m, SC6Hs). 

trans-l-(trans-3-~cloheryl-2-propeny[oxy)-3-(phenylthio)-l-propene (tram-We): 1H NMR (250 MHZ): 6 = 
0.96-1.36and 1.59-1.77 [2m, 2xSH, (CK),], 1.96&, l”-H), 3.49(dd, J3,2 =7.8, J3,1 = 1.1, ~-HZ), 4.11 (d, 

J,I,~’ = 5.8, II-HZ), 4.88 (dt, J2,t = 12.5, 52,~ = 7.8, 2-H) AB signal (&A = 5.48, S, = 5.66, JAB = 15.6, in 
addition split by JA,IV = 6.0, JA,t” = 1.2, JB,~” = 6.4, JB,~* not resolved, A: 2-H, B: 3’-H), 6.32 (br. d, Jt,2 = 
12.5, 1-H) 7.14-7.37 (m, SC&Hs).- IR: v = 2920 cm -l, 2850, 1660, 1645, 1585, 1480, 1450, 1195, 1150, 1090, 
1025,970,930,740,690. 

trans-4,4-Dimethyl-I-[3-~henylthio)-2-pro~~lo~~2-~ntene (tram-13d): 1H NMR (200 MHz): 6 = 

1.03 [s, C(CH&], 3.51 (dd, J3’,2’ = 7.5, JallY, = 1.0, 3’-Hz), 4.14 (dd, Jt,2 = 6.1, Jallyl = 0.8, l-Hz), 4.91 (dt, 

Jzt,ta = 12.5, J2t.3’ = 7.7, 2’-H), AB signal (8~ = 5.47, S, = 5.75, JAB = 15.9, in additon split by JA,I = 6.1, ‘JB,~ 

c( 1.0, A: 2-H, B: 3-H) 6.35 (d, Jt~,~t = 12.4, JallYl not resolved, l’-H), 7.15-7.40 (m, C6Hs).- LR: v = 3060 cm- 
t,2960,2865, 1645, 1585, 1480, 1365, 1200, 1145, 1025,975,740,690. 

cis-I-[tram-3-(Phenylthio)-l-propenyloxyl-2-butene (cis-13a): tH NMR (300 MHz): 6 = 1.65 (dq, J4,3 = 6.9, 
4-H$, 3.50 (dd, J3~,2a = 7.7, J3t,1~ = 1.0, 3’-H2), 4.24 (br. d, Jt,2 = 6.5, I-H2), 4.89 (dt, JzU,tV = 12.5, J2’,3q = 7.7, 
2’-H), AB signal (6~ = 5.53, S, = 5.69, JA,B = 11.0, inadditionsplit byJk1 =6.4, JA,4= 1.7, JB,4=6.9, JB,~ = 
1.4, A: 2-H, B: 3-H) 6.33 (br. d, Jtl,~ = 12.6, I’-H), 7.15-7.23 and 7.23-7.38 (2m, Ar-H). 

cis-5-(4-Methoxyphe~~-~-[hans-3-(pheny~thio)-l-pro~~l~~2-pentene (cis-13b): 1H NMR (300 MHz, 

CDCI,): 6 = 2.32 (dt, J4,3 = J4,5 c 7.5, 4-H,), 2.62 (t, J5,4 = 7.6, ~-HZ), 3.46 (dd, J3’,2’ = 7.7, Jallyl = 1 .O, 3’- 
Hz), 3.77 (s, OCH3), 4.09 (br. d, Jt2 = 6.2, l-Hz), 4.82 (dt, J21,tl = 12.4, J21,3~ = 7.7, 2’-H), AB signal @A = 
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5.50, S, = 5.61, JAB = 11.1, in add&on split by Jllvic = 6.2, 4J~,~b, = 1.3, JB,vjc = 7.3, 4JB,&yl = 1.3, 2-H 3- 
H), 6.24 (d, J~I,~I = 12.7, Jay1 not resolved, II-H), AA’BB’ signal centered at 6.82 and 7.08 (C&I,+), 7.14-7.36 

(m, SC6W 

trruts-I-(cis-3-Cyclohexyl-2-propenyloxy)-3-@henylrhio)-I-propene (cis-13c): 1H NMB (300 MHz, C&H 

internal standard in C6D6): 6 = 0.83-1.24 and 1.46-1.66 [2 m, 2 x 5H, (CH,),], 2.08 (mc, I”-H), 3.25 (dd, 5x,2 = 
7.7, Jallyl = 1.1, 3-H& 4.05 (dd, J1’,2’ = 6.2, Jd,,l = 1.3, l’-Hz), 4.86 (dt, Jz,l = 12.6, J2,3 = 7.7, 2-H), AB 

signal (6~ = 5.29, S, = 5.44, JAB = 11.0,inadditonsplitbyJA,~~~=9.7,4JA,1~= 1.4, JB,1~=6.3,4JB,11~=0.8, A: 
3’-H, B: 2’-H), 6.20 (d, J1,2 = 12.4, l-H), 6.90-7.08 and 7.27-7.33 (2 m 2H and 3H, SC6Hs). 

tran.-~-[I-(Phenylthio)-2-proper$oxy]-2-butene (trans-14a; representative procedurejk the obtention of 14a 
from phenylseleno ethers Zba): MCPBA (109.1 mg of a 85% mixture with 3-chlorobenzoic acid; 0.5374 mmol, 
1.0 equiv.) in CH2C12 (2-3 ml), precooled to -78“C, was added via a dry-ice cooled camntla to Wuz..r-l6a (202.6 
mg, 0.5368 mmol) in CH$l~ (1 ml) at -78’C. After 1 h, iPr$lH (0.150 ml, 108 mg, 1.07 mmol, 2.0 equiv.) was 
added. The resulting mixture was transferred via a dry-ice cooled can&a into retluxing CH$& (10 ml). After 
heating for 30 min, quenching with satd. aq. NaHCO3 solution (10 ml), and extractive workup (NaHCO@ther), 
the organic layer was dried (MgSO4) and evaporated. Flash chromatography (PE/E 200/l) gave trm-l4a (86.7 

mg, 73%) and recovered trans-16a (12.8 mg, 6%).- lH NMB (300 MHz): 6 = 1.71 (dm,., J4,3 = 6.3, 4-H3), AB 

signal (SA = 4.07, S, = 4.32, JA,B = 11.7, in addition split by 542 = 6.8, 4J,t,3 = 55~~ z 1 .O, JB,2 = 5.7, ~JB,~ % 

~JB,~ E 1.2, l-Hz), 5.08 (dmc, J~~(E),T = 10.5, 3’-HE), 5.23 (dmc, J~g),z = 17.0, 3-s). superimposes 5.25 (dmc, 

J1:2* = 5.1, l’-H), AB si@ (6~~ 5.57, 8~ = 5.73, JA,B = 15.3, in addition split byJA,l_B(A) = 6.8, JA,~_H~) = 

5.5, 4Jh4 = 1.4, JB,4 = 6.3, 4JB,$B(A) in 4JB,,_Hmj = 1.0, A: 2-H, B: 3-H), 5.88 (ddd, J2’,3’Q = 16.9, J21,31(Ej = 
10.5, JzV,lt = 5.6, 2’-H), 7.21-7.34 and 7.42-7.52 (2m, Ar-H). 

trans-5-(4-Methoxvpheny~-l-[l-(phenylthio)-2-pro~nyl~~2-pentene (trans-14b; representative procedure 
for the prepraation of O,S-acetals 146; method: ref. 23, 24): At O’C PhSH (0.53 ml, 0.53 mmol, 1.5 equiv.) was 
added dropwise under vigorous stirring to a solution of Et+l (1.2 M in toluene, 0.89 ml, 1.1 mmol, 3.0 equiv.). 
The mixture was allowed to warm to room temp. and stirred for 1 h. At 0°C O,O-acetal 12b (150 mg, 0.355 
mmol) was added. After 2 h the reaction was quenched with satd. aq. Na2C03 solution (5.0 ml) and extracted 
with tBuOMe (3 x 6 ml). Flash chromatography over deactivated silica gel [pretreated with 25 % aq. NH3 (3.5 

weight %); petroleum ether/tBuOMe (200: 1 -+ 50: 1)] yielded 14b (53 mg, 44%).- 1H NMR (300 MHz, C&H 

internal standard in C&j): 6 = 2.17 (n+, ~-HZ), 2.48 (t, J 5,4 = 7.4, 5-H), 3.34 (9, OCH3), br. AB signal (6~ = 

3.99, s, = 4.31, JAB = 12.2, inadditonsplitbyJA,2=6.2, Jr32~5.3, l-Hz), 4.91 (dt, Jcis= 10.5, Jgem=Jr,uyl g 

1.4, 3’-HE), 5.12 (dm,., J1~,2~ = 4.7, l’-H), 5.28 (ddd, Jhans = 17.1, Jgem = Ja,,l = 1.5, 3’-Hz), AB signal @A = 

5.46, 8, = 5.62, JAB = 15.5, in additon split by JA,“~~ = 5.9, Jdl,,l incompletely resolved, JB,~~~ = 6.5, Jdbl not 
resolved, 2-H, 3-H) 5.91 (ddd, Jhnns = 17.1, Jcis = 10.5, Jzl,l+ = 4.9, 2-H), AABB’ signal centered at 6.80 and 
6.94, (C&Q ca 6.80-7.09 (m, m-, p-SC&s), 7.55 (q, o-SC&$ 

I-cis-I-[I-(Phenyithio)-2-propenyloxy]-2-butene (cid4a): 1H NMR (300 MHz): 6 = 1.69 (d, 54.3 = 6.9, 4- 

H3), AB signal (6~ = 4.25,s~ = 4.42, JA,B = 12.0, in addition split by JQ = 7.1, JB,2 = 6.2, I-H2), 5.09 (dn+., 

J3to~21 = 10.5, 3’-HE), 5.23 (dm,., J3*(z),2* m 17.4, Z-3-Hz), superimposes 5.25 (d, J1e,2e = 5.3, l’-H), 5.51-5.62 
and 5.65-5.77 (2m 2-H, 3-H) 5.89 (ddd, J2#,3(~ = 17.2, J~I,~Q(E) = 10.5, J2’,lq = 5.3, 2’-H), 7.23-7.35 and 7.42- 
7.52 (2m, Ar-H). 
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cis-5-(4-Methor)lpheenyr)-l-[l-@henylthio)-2-pro~~l~~2-~nte~ (cis-lib): 1H NMK (300 MHz, C&H 

internal standard in C&j): 6 = 2.28 (td, 54,s m J4,3 = 7, ~-HZ), 2.48 (t. J5,4 = 7.5, 5-H), 3.34 (s, OCH$, AB 

signal (8~ = 4.09, S, = 4.34, J,Q = 12.2, in additon split by Jk2 = 6.8, JB,~ = 5.6, l-Hz), 4.90 (ddd, Jcis = 10.6, 

Jg@?l = JdlY, = 1.5, 3’-HE), 5.08 (dt, J1’,2’ = 4.9, JdYl = 1.5, I’-I-I), 5.25 (ddd, Jhans = 17.1, Jsem (J JW, B 1.5, 
3’-Hz), 5.45-5.68 (m, 2-H, 3-H), 5.88 (ddd, Jhans = 17.2, J,:, = 10.6, Jz:ll = 4.9, 2’-I-I), AABB’ signal centered 
at 6.83 and ca. 7.1 (C,$&), BB’ part superimposed by 6.92-7.08 (m, m-,p-SC&), 7.54 (m, o-SC&). 

3-(PhenylseIeno)propanal (15) (method: ref. 20): Acrolein (1.41 ml, 1.20 g, 21.4 mmol) was added to 
selenophenol(3.32 ml, 5.03 g, 32.0 mmol, 1.5 equiv.) in ethanol (60 ml) at O’C. The solution was stirred for 3 h 
at 0“C and stood in a freezer (-20°C) overnight. The solvent was removed and the residue taken up in ether. The 
ether solution was washed with distilled water and brine and dried (MgSO4) and the solvent removed. Flash 
chromatography (PE/E 15/l to 10/l) gave 2.7884 g (61%).- lHNMK (300 MHz): 6 = 2.87 (t, J2,3 = 7.1, 2-H2), 
3.11 (t, J3,2 = 7.2, 3-H2), 7.20-7.33 and 7.47-7.56 (2m, Ar-I-I), 9.74 (s, CHO). 

trans-l-[3-(Phe~lseleno)-I-(phenylthio)pro~~]-2-butene [trans-16a; representative procedure for the one- 
pot synthesis of O,S-acetaIs 16a along with 3-~henyIseleno)-I-(io)-I-(~imethylsi~lo~)pro~e (17); 

method: ref. 211: trans-lla (0.180 ml, 145 mg, 1.00 mmol, 1.0 equiv.) followed by PhSSiMe3 (0.190 ml, 182 
mg, 1 .OO mmol, 1 .O equiv.) were added to TMSOTf (0.5 M in CH2CI2; 1 .OO ml, 0.500 mmol, 50 mol%) at - 
78’C. 15 (0.670 ml of a 25.3% solution in CH2C12, 896 mg, 1.06 mmol, 1.1 equiv.) was added dropwise and the 
solution stirred for 1 h at -78’C. The reaction mixture was quenched by the addition of pyridme (0.2 ml) and 
allowed to warm to room temp.. After extractive workup (NaHC03/ether), the combined organic layers were 
dried (MgS04) and the solvent removed. Flash chromatography (PEIE 200/l) gave fruns-16a (176.6 mg, 47%) 
and 17 (133.9 mg, 34%). Increasing the amount of catalyst to 200 mol%, with a reaction time of 30 min, gave 

pans-16a (34%) and 17 (43%).- Pans-16a, lH NMR (300 MHz): 6 = 1.71 (dq, J4,3 = 6.3, 4-H$, 2.01-2.23 

(m, 2’-H2), 3.00 (t, J3q,2q = 7.2, 3’-Hz), AB signal (6~ = 3.93, 8~ = 4.32, JAB = 11.6, in addition split by JAM = 

6.9, JB,~ = 5.8, l-H& 4.87 (dd, J1#,2l_B(A) = 7.2, J~~,zLH(B) = 5.9, II-II), AB signal @A = 5.54,8~ = 5.69, Jo = 

15, in addition split by JA,I_H(A) = 7, JAI-H(B) = 5.6, 4J,4,4 = 1.5, JB, 4 = 6.3, A: 2-H, B: 3-H), 7.16-7.34 and 

7.37-7.49 (2m, Ar-H).- 17, lH NMR (300 MHz): 6 = 0.05 [s, OSi(CH&], 2.12 (td, J2,3 = J2,1 w 7, 2-H2), 2.99 
(m,_, ~-HZ), 5.21 (t, J1,2 = 6.2, I-H), 7.16-7.34 and 7.39-7.51 (2m, Ar-H). 

cis-I-~3-(Phe~lseIeno)eno)-l-@henylthio)propo~]-2-butene (cis-16a): lH NMR (300 MHz): 6 = 1.67 (dq, J4,3 = 

6.7, 4-H& 2.01-2.22 (m, 2’-Hz), 2.92-3.08 (m, 3’-Hz), AB signal (8~ = 4.14, S, = 4.42, JQ = 11.9, in addition 

split by JA,2 = 7.3, JB,2 = 6.1, l-Hz), 4.87 (dd, Jl~,2~_B(Al= 7.3, Jll,z*_B(~) = 5.8, I’-I-I), AB signal (8, = 5.53, S, 
= 5.70, JA,B = 10.9, in addition split by JA,~_H(A) = 7 4, JA,l_HPj = 5.9, 4JA,4 = 1.8, JB,4 = 6.9, JB,l_HPj = 1.4, 
A: 2-H, B: 3-H) 7.18-7.33 and 7.39-7.49 (2m, Ar-I-I). 

trans-I-(1.2~I+opadienylo~)-2-butene (trans-18a; representative procedure for the preparation of alley1 
ethers; method: ref. 25): tert-BuOK (1.376 g, 12.26 mmol, 0.13 equiv.) was added to trans-19a 11 (10.20 g, 
92.60 mmol) in THF (40 ml). The reaction mixture was stirred for 1 h at room temp., 5 h at 50°C and then 
overnight again at room temp. Most of the solvent was evaporated and the residue purified by vacuum transfer 
(0.2-0.4 Torr) to give a mixture (7.658 g) of @an+18a (5.842 g by lH NMK, 57%) and THF.- ‘H NMR (300 
MHz): 6 = 1.73 (dmc, J4,3 = 6.2, 4-H$, 4.01 (br. d, Jl,2 = 6.2, I-Hz), 5.44 (d, 453~,1~ = 5.9, 3’-Hz), AB signal 
(6~ = 5.64, S, = 5.77, J,~,B = 15.2, in addition split by JA,~ = 6.2, Jh,4 = 6.3, A: 2-H, B: 3-I-Q 6.73 (t, ~JIo,~~ = 
5.9, II-H). 
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cis-l-fi,2-~o~e~I~)-2-bufene @is-Z&z): lH NMR (300 MHz): 6 = 1.67 (drr+., J4,3 = 6.5, 4-H$, 4.15 (br. 
d, J1,2 = 6.1, l-Hz), 5.45 (d, 4J3’,1’ = 6.2, 3’-Hz), 5.55-5.77 (m, 2-H 3-H), 6.75 (t, 4J1’,3, = 6.0, l’-H). 

General proceake for the reductive cleavage of simple and vit$ogous O,S-acetaIs: A solution of 13 (1 .o 
equiv.) or 14 (1.0 equiv.) in THP (1-2 ml) was added to a stirred (glass-covered stirrer bar) solution of all<ali 
metal naphthalenide (3.0 eq., 0.29-0.36 M in THP) at -78T. Stirring was continued for l-4 h. B-y1 chloride 
(5.5 equiv.) was added rapidly to the vigorously stirred solution and the cooling bath removed. The mixture was 
stirred for 3 -12 h at room temp. and then quenched with satd. NaHCOj solution (ca. 5 ml). After extm&ve 
workup (NaHCO@ther), the organic layer was dried (MgSO4) and evaporated. Products were analyzed by 
GLC (CP Sil 5 CB, 25 m, 0.25 mm, Chrompack; isomer 1 elutes after isomer 2) and purified by flash 
chromatography without separation of isomers. 

f2-~et~Z-l-vinyl-3-butenyl)benzoate (k&~yn-2Ou): anti-20a (isomer 2), lH NMR (300 MHz): 8 = 1.10 (d, 

J~_M,Q = 6.8, 2-CH$, 2.60 (q, 2-H), ca. 5.08 (dnk., Jcis m 10, 4-HE), superimposes 5.12 (dm,_, Jt_ B 17, 4- 
@), 5.26 (ddd, Jcis = 10.6, Jallyl = Jgem FJ 1.3, 2’-HE), 5.33 (ddd, Jt- = 17.3, Jai,,,, FJ Jgem = 1.4,2’-Hz), 5.43 

(dd, J1,ll LJ Jl,2 FJ 6.1, I-H), 5.84 (ddd, JtMns = 17.2, Jbs = 10.3, J3,2 = 7.7, 3-H)*, SUP~XIIPOS~S 5.87 (ddd, 
J trons = 17.3, Jh = 10.6, J1*,1 = 6.6, l’-H)*, 7.39-7.65 and 8.00-8.10 (2m, Ar-H); *assignment and Jindices 

perhaps interchangeable.- syn-20a (isomer l), lH NMR (300 MHz): 6 = 1.12 (d, J2_Me,2 = 6.9, 2-CH3), 2.63 

(mc, 2-H) 5.09 (ddd, Jcis = 10.5, JdlYl fil Jgent = 1.1, 4-HE), superimposes 5.11 (ddd, Jt- = 17.3, Jdlyl f: Jsem 

m 1.4, 4-G), 5.25 (ddd, Jcis = 10.6, JdlYl = Jgem m 1.3, 2’-HE), 5.3 1 (ddd, Jt,,, = 17.3, Jdlyl e Jgem = 1.4, 2’- 

Hz), 5.43 (ddq, Jl,l’ = J1,2 IJ 6.0, I-H), 5.86 (ddd, Jt- = 17.1, Jcb = 10.6, 53.2 = 6.6, 3-H)*, superimposes 
5.88 (ddd, Jtrw = 17.3, Jcis = 10.6, J1t,l = 5.6, II-H)*, 7.37-7.61 and 8.00-8.11 (2m, Ar-H); *assignment and J 

indices interchangeable. 

{2-/2-(4-Methqpheny~ethyZ+Z-vinyf-3-butenyZ)benzoate (ZOb): 20b (isomer 1), 1H NMR (500 MHZ): 8 = 
1.64 (dddd, Jsrm = 13.6, JII = Jb = 10.0, J, = 4.9, I”-H1), 1.88 (dddd, Jsem = 13.6, Ja = 10.5, Jb = 6.9, J, = 3.4, 

l”-Hz), 2.44-2.53 (m, 2-H 2”&), 2.68 (ddd, Jsem = 14.3, Ja=9.6, J,=4.6, 2”-H1), 3.79 (s, 0CH3), 5.15 and 

5.29 (2ddd, Jt- = 17.0, Ja = 1.8, Jb = 0.8; Jt- = 17.3, Jgcm = Jdl,,l = 1.4; 4-G, 2’-Hz), 5.22 and - in part 

superimposing - 5.24 (dd and ddd, JkS = 10.4, Ja = 1.8; Jcis = 10.4, Jgem = J~Q,I = 1.4; 4-HE, 2’-HE), 5.49 (ddt, 

JI,~ =Jl,l' = 6.0, Jallyl = 1.2, l-H), 5.72 (ddd, Jtrm = 17.2, Jcis = 10.3, J3,2 = 9.2, 3-H.), 5.87 (ddd, Jtrm = 

17.2, Jets = 10.6, Jll,l = 6.4, II-H), AA’BB’ signal centered at 6.82 and 7.09 (CA), 7.41-7.47, 7.53-7.58, and 
8.01-8.07 (3m, Ar-H).- 20b (isomer 2), 1H NMR (500 MHz): 6 = 1.64 (%, I”-HI), 1.87 (m, l”-#), 2.41 (q, 

2-H) AB signal @A = 2.50, S, = 2.66, JAB = 13.8, in addition split by JA,I”_H(l) = 9.6, JA,I”_H(~) = 7.1, JB,lvS_ 

H(2) = 9.9, J&l”-~(1) = 5 1, A: 2”-HI, B: 2”-@), 3.78 (s, 0CH3), 5.15 and 5.31 (dm, and ddd, JtMns = 17.2; 

J tram = 17.2, Jgm =Jauyl = 1.3; 4-Hz, 2’-Hz), 5.21 and - in part superimposing - 5.24 (dd and ddd, Jcis = 10.2, 

Ja = 1.9; J,-is = 10.5, Jgpm i+: Jdlyl = 1.2; 4-HE, 2’-HE), 5.51 (dd, Jl,lp = 6.7, 51.2 = 5.5, Jdlyl incompletely 
resolved, l-H), 5.76 (ddd, Jt_ = 17.2, J,-is = 10.3,J3,2 = 9.2, 3-H), 5.85 (ddd, Jtrm = 17.3, Jcis = 10.6, Jig 1 

= 6.7, l’-H), AA’BB’ signal centered at 6.81 and 7.08 (C&&), 7.42-7.47, 7.54-7.59, and 8.02-8.06 (3m, Ar-H).’ 

(2-Cyclohexyl-I-vinyI-3-butenyf)benzoate (2oC): 20c (isomer 1), lH NMR (500 MHz): 6 = 0.8-1.8 (m, 
cyclohe& 2.31 (ddd, 52.3~ 10.1,52,1 i~Jz,l** ~~6.8, 2-H) 5.04and5.31 (2ddd, Jtrans= 17.0, J,=2.1, Jb= 

0.7;Jt~~=17.1,Jg,3Jallyl = 1.4; 4-Hz, 2’-Hz), 5.16 and 5.23 (dd and ddd, Jcis = 10.3, Ja = 2.2; JCis = 10.5, 

Jgm =Jallyl GS 1.4; 4-HE, 2’-HE), 5.63 (ddd, Jtrm = 17.0, Jcis = J3,2 = 10.1, 3-H) superimposes 5.66 (ddt, J1,2 
= Jl,ls = 6.8, Jally, = 1.2, l-H), 5.89 (ddd, Jtr,, = 17.1, JCiS = 10.6, Jlq,l = 6.6, l’-H), 7.41-7.58 and 8.04-8.08 

(2m, Ar-H).- 20~ (isomer 2), lHNMR (500 MHz): 6 = 0.87-1.80 (m, cyclohexyl), 2.11 (ddd, 52.3 = 9.8, Jz,~~Q = 
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6.6,J2,r =5.3, 2-H) 5.04and 5.30(2ddd, J,ra= 17.1, J,=2.1, Jb=0.6; Jrrnns= 17.2, Jbcm=Jallyl= 1.3;4- 
Hz, 2’-#), 5.16 and 5.22 (dd and ddd, Jcis = 10.3, Ja = 2.2; Jcis = 10.4, JgMI r~ Jallyl = 1.2; 4-HE, 2’-HE), 5.69 
(ddt, Jl,Iq = 6.7, J1,2 = 5.3, J1,2a = 1.0, l-H), 5.78 (ddd, JtMN = 17.1, Jcis = J3,* = 10.0, 3-H), 5.85 (ddd, J- 

= 17.1, Jcis= 10.4, JIa,I =6.8, II-H), 7.42-7.46,7.54-7.58, and8.04-8.09(3m,Ar-H). 

(2-tert-Butyl-f-vi&3-buteny~benzoate (2&d): 20d (isomer 2), tH NMR (500 MHz): 6 = 0.96 [s, C(CH&], 

1.98 (dd, J2,3 = 10.2, Ja = 1.6, 2-H), 5.06 and 5.20 (dd and ddd, Jrran = 17.1, Ja = 2.0, JrMN = 17.0, Jgan = 

Jai,,,, 15: 1.2; 4-l@, 2’-Hz), 5.14 and 5.27 (ddd and dd, Jcis = 10.3, Jgem * Jally, = 1.2; Jcis = 10.3, J= = 2.2; 4-HE, 

2’-HE), 5.82 (ddd, Jrrans = 16.9, Jcis = 10.4, JIo,l = 6.3, II-H), 5.88 (%, JI,Iv = 6.2, I-H), 6.05 (ddd, JrMns = 

17.1, Jcis = J3,2 = 10.2, 3-H) 7.42-7.47, 7.54-7.58 and, 8.03-8.06 (3m, Ar-H). 

(I-Ethyl-2-methylbu~~benzoate (iti,syn-tl): A mixture of 23 (142.4 mg, 0.6523 mmol, 12:88 syn:anti) and 
10% Pd/C (10.2 mg, 7%w/w) in a small amount of ethyl acetate was hydrogenated at atmospheric pressure. The 
reaction mixture was filtered through silica gel and the solvent evaporated to give 134.5 mg (94%, 17:83 

syn:anti). 20a was hydrogenated analogously.- anti-21, tH NMR (300 MHz): 6 = 0.927 and 0.933 (2t, 

superimposing each other 54.3 = J21,1* = 7.4, 4-H3 and 2’-H$, superimposes 0.94 (d, J~_w,~ = 6.9, 2-CH$, 
1.13-1.84 (m, II-Hz, 2-H and 3-H*), 5.01 (dt, J 1,2 = Jl,ll = 6.1, l-H), 7.40 -7.59 and 7.97-8.15 (2m, Ar-H).- 
w-21, tH NMR (300 MHz): 6 = 0.925 and 0.932 (2t, J4,3 and Jz~,l’ = 7.4 and 7.5, 4-H3, 2’-H$, 0.99 (d, Jz_ 

Me,z = 6.8, 2-CH$, 1.13-1.30 and 1.41-1.82 (2m, II-Hz, 2-H, 3-H*), 5.07 (dt, J1,2 = 7.8, Jl,lt =4.7, l-H), 7.39- 
7.60 and 7.99-8.09 (2m, Ar-H). 

(I-Ethyl-2-methyl-3-buteny~benzoate (anti,syn-23) (method: ref. z7): Propanal (0.290 ml, 235 mg, 4.04 mmol, 
1.00 equiv.) was added to 2-(2-butenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborohure (4: 1 E:Z; 910.1 mg, 4.999 
mmol, 1.24 equiv.) in petroleum ether (10 ml) at -78°C. The mixture was allowed to warm to room temp. 
overnight, poured into satd. NaHCO3 solution (20 ml) and extracted with ether (3 x 20 ml). The organic layer 
was dried (MgSOd) and most of the solvent removed by carefbl distillation. The residue was diluted with THF (4 
ml). KH (181 mg, 4.52 mmol, 1.12 equiv.) was added at 0°C. The mixture was stirred for 1 h at room temp. and 
then cooled to -78°C. Benzoyl chloride (0.610 ml, 738 mg, 5.25 mmol, 1.30 equiv.) was added rapidly and the 
mixture again allowed to warm to room temp.. The reaction mixture was poured into satd. NaHC03 solution 
(20 ml) and extracted with ether (3 x 20 ml). The organic layer was dried (MgSO4) and evaporated. Flash 
chromatography (PE/E 200/l to 100/l) gave 557.1 mg (63%, 88:12 anti:v).- anti-23, 1H NMR (300 MHZ): 6 
= 0.93 (t, J2’,r’ = 7.4, 2’-H3), 1.07 (d, J2_Me,2 = 69, 2-CH& 1.61-1.79 (m, l’-Hz), 2.55 (mc, 2-H) 4.99-5.14 
(m, l-H, 4-H& 5.85 (ddd, Jtrans = 17.2, Jets = 10.3, 53,~ = 8.0, 5-H), 7.40-7.60 and 8.00-8.09 (2m ArmH).- 

v-23, lH NMR (300 MHz): 6 = 0.93 (t, J2’,l~ = 7.4, 2’-H$, 1.09 (d, J2_Me,2 = 6.7, 2-CH$, 1.58-1.81 (m, l’- 
H2), 2.56 (mc, 2-H), 4.98-5.13 (m, 1-H ~-HZ), 5.81 (ddd, Jrrnns = 17.3, Jcis = 10.4, J3,2 = 7.5, 3-H), 7.39-7.65 
and 7.99-8.09 (2m, Ar-H). 
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