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ABSTRACT

Low-temperature lithium—iodine exchange between
tert-butyllithium and the appropriate iodide has been
used to generate 3-oxa-5-hexenyllithium and a variety
of 4-oxa-5-hexenvllithiums. The 3-oxa system is in-
herentlv unstable and fragments via facile B-elimi-
nation to give the anion of allyl alcohol and ethylene.
The 4-oxa-5-hexenyllithiums, in contrast, are stable
at low temperatures but undergo novel isomerization
upon warntiing to deliver the lithium salt of a 4-alken-
1-0l in the formal equivalent of an unprecedented [1,4]-
Wittig rearrangement. The rearvarngement is most likely
mediated bv 5-exo-trig ring closure of the 4-oxa-5-
hexenyllithium to a (2-tetrahydrofuranylymethyl-
lithium followed by rapid opening to the alkoxide.

INTRODUCTION

The regiospecific cyclization of 5-hexenyllithiums
provides a highly stereoselective method for the
preparation of (cyclopentyl)methyllithiums, and this
isomerization has attracted recent attention as a
route to functionalized carbocyclic products [1-3].

Much less information is available on the be-
havior of 5-hexenyllithiums containing hetero-
atoms in the chain. Indeed, the only heteroatom-
containing systems that have been investigated are
the 2-oxa-5-hexenyllithiums. These organometal-
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lics, which were prepared by Broka and co-workers
from a tri-n-butyltin precursor via low-temperature
tin—lithium exchange [4], isomerize upon warming
to 0°C, as shown below, to give (3-tetrahydrofur-
anyl)methyllithiums. This facile and stereoselec-
tive 5-exo-trig cyclization provides a convenient route
to substituted tetrahydrofurans.
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Herein we report the generation of 3-oxa- and
4-oxa-5-hexenyllithiums [5] from the correspond-
ing iodides by lithium—iodine exchange, and we
detail the behavior of these species. As demon-
strated below, the 3-oxa system is inherently un-
stable and fragments via facile B-elimination. The
4-oxa-5-hexenyllithiums, in contrast, are stable at
low temperatures and undergo a novel isomeriza-
tion upon warming to deliver the lithium salt of a
4-alken-1-o0] in the formal equivalent of an unprec-
edented [1,4]-Wittig rearrangement [7].

RESULTS AND DISCUSSION
3-Oxa-5-hexenyllithiums

All attempts to prepare the parent 3-oxa-53-hexen-
yllithium (2) from 2-allyloxyethyl iodide (1) follow-
ing our general protocol for low-temperature lith-
ium—iodine exchange [6] led, as illustrated below,
to the essentially quantitative formation of allyl
alcohol and ethylene. The B-elimination was com-
plete within minutes at —78°C, and it was, there-
fore, not possible to characterize the organometal-
lic. This rather unexceptional result demonstrates
that the 3-oxa-5-hexenyllithium system (and by ex-
tension other 5-hexenyllithiums capable of expul-
sion of a good nucleofuge at the B-position) is of no
use for the preparation of substituted tetrahydro-
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furans (or other heterocycles) by 5-exo-trig isom-
erization [1-3].
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4-Oxa-5-hexenyllithiums

The title organometallics were generated from 3-
iodoalkyl vinyl ethers by low-temperature lith-
ium—iodine exchange. The iodides, in turn, were
prepared for the most part, as shown below, via the
mesylate from enol ether alcohols produced by the
sodium-promoted fragmentation of 2-halomethyl-
1,3-dioxanes. It is of some interest to note, as de-
tailed in the Experimental section, that fragmen-
tation of the two 4-substituted-2-halomethyl-1,3-
dioxanes examined was a reasonably stereoselec-
tive process: In both cases the cleavage proceeded
with preferential rupture of the less congested C(2)-O
bond to give the primary enol ether alcohol as the
major product of the reaction.
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Treatment of an approximately 0.1 M solution
of 1-ethenyloxy-3-iodopropane (3) in n-pen-
tane—diethyl ether (3:2 by volume) at —78°C with
2.2 equivalents of +-BuLi served to cleanly generate
the corresponding organolithium (4). The 4-oxa-5-
hexenyllithium, which is stable in solution at low
temperature, rearranges upon warming to room
temperature (Scheme 1) to give the lithium salt of
4-penten-1-ol (5). The isomerization of 4 to the an-
ion of 5 was effected in virtually quantitative yield
by removing the cooling bath and allowing the mix-
ture to sit at room temperature for 1 h. Addition of
water to the reaction mixture delivers 5 in 93%
isolated yield (Table 1). This novel rearrangement
is most likely mediated, as illustrated in Scheme 1,
tetrahydrofuranyl)methyllithium (6) followed by
rapid ring opening through g-elimination to give
the alkoxide. The lifetime of 6 under the conditions
used to effect the rearrangement is undoubtedly
short and we have been unable to trap this cyclic
species.

The isomerization of 4-oxa-5-hexenyllithiums
to 4-alken-1-ols is not confined to the parent system
(4). The results of experiments employing substi-
tuted 4-oxa-5-hexenyllithiums, summarized in Ta-
ble 1, indicate that the rearrangement is a facile,
clean, and high-yield process. Not surprisingly,
isomerization of (2-ethenyloxymethyl)phenyl-
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lithium (Table 1, entry 6) was much slower than
the conversion of y-ethenyloxy alkyllithiums to 4-
alken-1-ols (Table 1, entries 1-5). Rearrangement
of the aromatic substrate (Table 1, entry 6), which
presumably involves conversion of the aryllithium
to a cyclic intermediate bearing a primary alkyl-
lithium moiety (Scheme 1), was facilitated by the
addition of 2.2 equivalents of N,N,N' N'-tetrame-
thylethylenediamine (TMEDA) to the preformed ar-
yllithium. The use of TMEDA to increase the rate
of this sluggish isomerization finds ample prece-
dent in the well-documented ability of lithiophilic
Lewis base to facilitate cyclization of 5-hexenylli-
thiums to (cyclopentyl)methyllithiums [3]. Another
feature shared by both the cyclization of 5-hexen-

TABLE 1 Rearrangement of 4-Oxa-5-hexenyllithiums to
4-Alken-1-ols?

Entry lodide Alkenol Yield,® %
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2The 4-oxa-5-hexenyliithium was generated at —78°C by addition
of 2.2 equivalents of t-BuLi to a solution of the iodide in n-pen-
tane—diethyl ether (3:2 by vol), the cooling bath was removed, and
the mixture was allowed to warm to ambient temperature and stand
for 1 h before the addition of an excess of water or methanol.
% |solated yield.
¢TMEDA (2.2 equiv.) was added following generation of the organ-
olithium and prior to warming the mixture to facilitate cyclization of
the 4-oxa-5-hexenyliithium.
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yllithiums [3] and the rearrangement of 4-oxa-5-
hexenyllithiums is the reluctance of systems bear-
ing an alkyl group at the terminal alkene carbon to
undergo isomerization. Thus, for example, the 4-
oxa-5-undecenyllithium (8), which was prepared
from the corresponding iodide (7, E/Z = 90:10) as
shown in Scheme 2, does not rearrange upon stand-
ing for 1 h at ambient temperature in the presence
of TMEDA. Quench of such a reaction mixture gave
the enol ether, 4-oxaundec-5-ene (9), as an approx-
imately 90: 10 mixture of E- and Z-isomers in quan-
titative vield. Significantly, the relative proportions
of E- and Z-8 are conserved in the isomeric com-
position of 9.

The two-step transformation (Scheme 1) of 4-
oxa-5-hexenyllithiums to 4-alken-1-ols (Table 1)
constitutes the formal equivalent of a [1,4]-Wittig
rearrangement of the y-lithioalkyl viny! ethers and
as such is unprecedented [7]. In an effort to deter-
mine if such isomerizations could be extended to
higher homologs, we prepared 5-oxa-6-heptenyl-
lithium (11) from the corresponding iodide (10) by
low-temperature lithium—iodine exchange. As il-
lustrated in Scheme 3, 11 does indeed undergo the
equivalent of a [1,5]-Wittig rearrangement when
allowed to stand for 1 h at ambient temperature in
the presence of TMEDA to deliver an 84% yield of
S-hexen-1-ol. This result is consistent with 6-exo-
trig closure of 11 followed by rapid expulsion of the
alkoxide.

EXPERIMENTAL
General Procedures

Proton and carbon-13 magnetic resonance spectra
were recorded on an IBM AF-270 NMR and shifts
were referenced with respect to internal Me,Si. A
Perkin-Elmer Series 1600 FTIR instrument was used
to record infrared spectra. Bulb-to-bulb distilla-
tions were carried out by using a Kugelrohr distil-
lation apparatus, and distillation temperatures re-
corded using this apparatus refer to the temperature
of the air bath. All boiling points are uncorrected.
Analytical gas-liquid chromatography (GC) was ac-
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complished using Hewlett-Packard model 5880A or
5890 chromatographs equipped with flame-ioni-
zation detectors. Preparative GC was accomplished
on a Varian Aerograph A-90P instrument fitted with
a 9-ft, 15% SE-30 on Chromosorb W (NAW) (80/100
mesh) column. High-resolution mass spectra were
obtained on an AEI MS-902 instrument at 70 eV.

All reactions involving alkyllithiums were per-
formed in flame-dried glassware using standard sy-
ringe/cannula techniques under an atmosphere of
dry, oxygen-free argon that had been passed through
a column containing an activated BASF R3-11 cop-
per catalyst. Diethyl ether and tetrahydrofuran were
freshly distilled from dark-purple solutions of so-
dium/benzophenone. N,N,N',N'-Tetramethylethy-
lenediamine (TMEDA) was purified by distillation
under nitrogen from calcium hydride. Dry, unsa-
turate-free n-pentane was obtained by repeated
washings of commercial n-pentane with concen-
trated sulfuric acid until the acid layer remained
clear, followed by washing with water and satu-
rated aqueous sodium bicarbonate, drying over
MgSQ,, and distillation of the purified pentane un-
der nitrogen from lithium aluminum hydride.
Methylene chloride was dried by distillation from
calcium hydride. Acetone (Baker, analytical grade)
was dried over calcium sulfate and distilled. So-
dium iodide was dried at 100°C (ca. 5 mm) for 8—10
h in a vacuum oven. The concentrations of solutions
of t-butyllithium in pentane (Aldrich) were deter-
mined by titration with sec-butanol in xylene using
1,10-phenanthroline as indicator [8]. Flash chro-
matography was carried out on Merck 70-230 mesh
silica gel.

Literature procedures were followed for the
preparation of 2-chloromethyl-1,3-dioxane {9], cis-
2-bromomethyl-4-methyl-1,3-dioxane [10], 2-bro-
momethyl-1,3-dioxepane [11], 1-ethenyloxymethyl-
2-iodobenzene [12], 2-allyloxyethanol [13], E- and
Z-4-oxaundec-5-en-1-ol [14], and trans-2-(hydrox-
ymethyl)cyclohexanol [15]. The known 2-allyl-
oxyethyl iodide (1) was prepared via the mesylate
from 2-allyloxyethanol; bp 110-120°C (760 mm):
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the IR and 'H NMR spectra of the iodide were in
agreement with the literature data for this material
[13].

cis- and trans-2-Bromomethyl-5-ethyl-1,3-diox-
ane. A solution of 12.57 g (63.8 mmol) of bromo-
acetaldehyde diethyl acetal, 7.60 g (73.4 mmol) of
2-hydroxymethyl-1-butanol, and a catalytic quan-
tity of p-toluenesulfonic acid in 16 mL of cyclo-
hexane was stirred at room temperature for 1 h and
then distilled until the overhead temperature rose
above 65°C. The residue in the flask was allowed to
cool to room temperature, ca. 1 g of solid, anhy-
drous potassium carbonate was added, and the
mixture was stirred for 1 h at room temperature.
Residual solvent was removed by rotary evapora-
tion and the residue was distilled from the potas-
sium carbonate to give 12.2 g (91%) of the title com-
pounds as an approximately 1:3 mixture of cis- and
trans-isomers: bp 54-59°C (0.25 mm); 'H NMR
(CDCl3) trans-isomer: 8 4.54 (t,J = 4.42 Hz, 1 H),
4.04 (d of d, Jyem = 13.28 Hz, Joqux = 4.61 Hz, 2 H),
3.92-385(m,2H),325(d,/ =442 Hz, 2 H), 1.84
(m, 1 H), 1.00 (pentet, J = 7.38 Hz, 2 H), 0.79 (t,
J = 7.38 Hz, 3 H); cis-isomer: 6 4.63 (t,J = 4.43 Hz,
1 H), 1.17 (pentet, J = 7.15 Hz, 2 H), 0.88 (t, J =
7.15 Hz, 3 H), the remaining signals were buried
under the stronger signals of the trans-isomer; '3C
NMR (CDCl;) trans-isomer: 6 99.35, 71.78, 35.31,
31.61, 20.75, 10.63; cis-isomer: 6 99.61, 69.79, 35.67,
31.77,21.96, 11.75. An analytical sample of the iso-
meric mixture was prepared by preparative GC:
mass spectroscopic molecular weight calcd for
C,H,3Br0O, (M), 208.0099, found, 208.0096.

trans-2-Bromoethyl-(r-4a,t-8a)- 1,3-dioxadeca-
hydronaphthalene. The general procedure out-
lined above was followed. Thus, reaction of 10.1 mL
(67.1 mmol) of bromoacetaldehyde diethyl acetal,
10.0 g (76.8 mmol) of trans-2-hydroxymethylcy-
clohexanol [15], 16.7 mL of cyclohexane, and a cat-
alytic quantity of p-toluenesulfonic acid afforded,
after distillation, 14.7 g (93%) of essentially iso-
merically pure title compound: bp 81-85°C (0.3 mm);
'"H NMR (CDCl;) 6 475 (t, J = 459 Hz, 1 H), 3.94
(dofd,J.xax = 11.09Hz,J = 445Hz, 1 H),3.40-3.24
(overlapping patterns, 4 H, i.e., 3.30 (d,J = 4.59
Hz), 3.40-3.24 (m, 2 H), 1.91-0.80 (broad m, 9 H);
13C NMR (CDCl5) 6 99.97, 81.57,71.70, 40.68, 31.79,
31.28, 25.84, 24.88, 24.47; mass spectroscopic mo-
lecular weight calcd for CoH,;sBrO, (M*), 234.0255,
found, 234.0265.

Preparation of 3-Ethenyloxy-1-alkanols by Frag-
mentation of 2-Halomethyl-1,3-dioxanes. The pro-
cedure of Crombie and Harper [16] was followed
with slight modification. Thus, an appropriately
sized three-necked, round-bottomed flask fitted with
a mechanical stirrer, Friedrich condenser, constant

pressure addition funnel, and rubber septa was flame
dried under a stream of dry nitrogen. The flask was
charged with 6 equivalents of metallic sodium (3—8
mm spheres (Aldrich) washed free from mineral
spirits with dry diethyl ether) and anhydrous di-
ethyl ether (ca. 20 mL/1 g Na). The dropping funnel
was charged with the appropriate 2-halomethyl-
1,3-dioxane diluted with anhydrous diethyl ether
(ca. 1 mL/mmol of 2-halomethyl acetal). The halo-
acetal was added dropwise to the vigorously stirred
suspension of sodium in ether at such a rate as to
maintain gentle reflux. After complete addition the
milky white suspension was stirred overnight at
room temperature. Large solid chunks of sodium
were removed with tweezers and the solution was
carefully hydrolyzed with distilled water (ca. 5 mL/50
mmol of Na). The clear ethereal solution was sep-
arated, the aqueous layer extracted with three por-
tions of diethyl ether, and the combined organic
layers were dried over anhydrous potassium car-
bonate, filtered, and concentrated. The enol ether
alcohols were converted to the corresponding io-
dides without further purification because distil-
lation led to decomposition of these acid-sensitive
materials. The following enol ether alcohols were
prepared by this procedure.

3-Ethenyloxy-1-propanol. Cleavage of 997 g
(73.0 mmol) of 2-chloromethyl-1,3-dioxane [9] with
10 g (0.43 mol) of metallic sodium afforded 7.29 g
(98%) of product; '"H NMR (CDCl;) § 6.46 (d of d,
Jirans = 14.34 Hz, J ;s = 6.82 Hz, 1 H), 4.20 (d of d,
Jians = 1434 Hz, J o = 2.05 Hz, 1 H), 4.01 (d of d,
Jes = 6.82Hz, Joom = 2.05Hz, 1 H), 3.82 (t,J = 6.09
Hz, 2 H), 3.12 (broad s, 1 H), 3.74 (t,J = 6.05 Hz,
2 H), 1.90 (quintet, J = 6.10 Hz, 2 H); '*C NMR
(CDCl3) 6 151.52, 86.59, 65.70, 59.60, 31.61.

3-Ethenyloxy-1-butanol and 4-Ethenyloxy-2-bu-
tanol. Cleavage of 10.0 g (51.3 mmol) of rrans-2-
bromomethyl-4-methyl-1,3-dioxane [10] with 7.0 g
(0.30 mol) of metallic sodium gave 5.44 g (91%) of
an isomeric mixture of products. Proton NMR re-
vealed that the mixture was composed of ~62% 3-
ethenyloxy-1-butanol and ~38% 4-ethenyloxy-2-
butanol. The identity of the products was estab-
lished on the basis of the spectroscopic properties
given below. No attempt was made to separate the
isomeric products and the mixture was used with-
out further purification.

3-Ethenyloxy-1-butanol. '"H NMR (CDCl;) 6 6.19
(dof d, Jyuns = 14.33 Hz, J;, = 6.68 Hz, 1 H), 4.17
(dof d, Jiyans = 14.33 Hz, Jgern = 2.00 Hz, 1 H), 3.99
(sextet, J = 6.20 Hz, 1 H), 3.89 (d of d, J.;s = 6.68
Hz, J,.m = 1.51 Hz, 1 H), 3.58 (m, 2 H, H(1)), 3.13
(broad, 1 H), 1.73-1.61 (m, 2 H), 1.13 (d, J = 6.21
Hz, 3 H); '*C NMR (CDCl;) § 15042, 88.31, 73.32,
58.89, 38.74, 19.69.



4-Ethenvioxy-2-butanol. 'H NMR (CDCl;) 6 6.34
(d of d, Jys = 14.34 Hz, J;, = 6.82 Hz, 1 H), 4.08
(dofd,J,un, = 1434 Hz,Jyorn, = 2.0Hz, | H),3.74-3.65
(m, 4 H), 1.73-1.61 (m, 2 H), 1.10 (d, J = 6.20 Hz,
3 H); '*C NMR (CDCl;) 6 151.35, 86.56, 65.20, 58.89,
37.68, 23.25.

3-Ethenvloxy-2-ethyl-1-propanol. Cleavage of 5.0
g (23.9 mmol) of 5-ethyl-2-bromomethyl-1,3-diox-
ane with 3.3 g (0.14 mol) of metallic sodium gave
3.00 g (97%) of product: '"H NMR (CDCls) 6 6.39 (d
of d, Jiyans = 14.36 Hz, J;s = 6.82 Hz, 1 H), 4.12 (d
of d, Jyuns = 14.36 Hz, J,om = 2.00 Hz, 1 H), 3.92 (d
of d, J,, = 6.82 Hz, J,em = 2.00 Hz, 1 H), 3.69-3.50
(unresolved, 4 H), 2.78 (broad s, 1 H), 1.75-1.66 (m,
1 H), 1.38-1.26 (m, 2 H), 0.87 (t,J = 7.39 Hz, 3 H);
13CNMR (CDCl;)§151.68,86.42,68.92,63.34,41.90,
20.67, 11.32.

trans-[ /-(2-Ethenyloxy)cyclohexylJmethanol and
trans-2-(Ethenyloxymethyl)cyclohexanol. Cleavage
of 10.0 g (42.5 mmol) of trans-2-bromomethyl-(r-
4a,t-8a)-1,3-dioxadecahydronaphthalene with 5.9 g
(0.26 mol) of metallic sodium afforded 6.50 g (98%)
of product as a mixture of isomers. Proton NMR
analysis revealed that the mixture was composed of
~65% trans-[1-(2-ethenyloxy)cyclohexylJmethanol
and ~35% trans-2(ethenyloxymethyl)cyclohexanol.
The identity of the products was established on the
basis of the spectroscopic data listed below. No
attempt was made to separate the isomeric prod-
ucts and the mixture was used without further
purification.

trans-[ /-(2-Ethenyloxy)cyclohexyllmethanol. 'H
NMR (CDClL) 6 6.26 (d of d, J,1u0 = 14.05 Hz, 7 =
6.53 Hz, 1 H), 4.27 (d of d, J o, = 14.05 Hz, J oy =
1.60 Hz, 1 H), 3.95 (d of d, J;, = 6.58 Hz, J,or, = 1.60
Hz, 1 H), 3.64-3.49 (unresolved, 3 H), 2.50 (broad
s, 1 H), 2.03-1.07 (3 unresolved broad peaks, 9 ring
protons); 3C NMR (CDCl;) & 150.43, 88.85, 81.55,
65.58, 45.04, 34.95, 31.50, 25.00, 24.30.

trans-2-(Ethenyloxymethyl)cyclohexanol. 'H NMR
(CDCl;) 8 6.41 (d of d, J,,,ns = 14.33 Hz, J;, = 6.80
Hz, 1 H), 4.15 (d of d, J,s = 14.33 Hz, J .., = 2.06
Hz, 1 H), 3.69 (apparent d, J = 6.80 Hz, 1 H), the
remainder of the absorptions were obscured by the
signals of the major isomer; *C NMR (CDCI,;)
151.52, 86.83, 73.13, 71.72, 44.22, 34.95, 31.50,
25.00, 24.43.

4-Ethenvioxy-1-butanol. Cleavage of 10.1 g (51.3
mmol) of 2-bromomethyl-1,3-dioxepane {11] with
7.2 g (0.31 mol) of metallic sodium gave 5.9 g (98%)
of product; '"H NMR (CDCl;) 6§ 6.40 (d of d, J rans =
1433 Hz, J,. = 6.80Hz, 1 H), 4.12 (d of d, J,;uns =
14.33 Hz, Jyon = 197 Hz, 1 H), 393 (d of d, J ;s =
6.80 Hz, J..., = 1.97 Hz, 1 H), 3.68-3.57 (overlap-
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ping patterns, 4 H, i.e., 3.66 (t,J = 6.05 Hz), 3.61-3.57
(m)), 2.30 (broad s, 1 H), 1.73-1.57 (m, 4 H); 1°C
NMR (CDCls) 6 151.64, 86.48, 67.76, 62.24, 29.28,
25.47.

General Procedure for Preparation of 3-lodoalkyl
Vinyl Ethers. The method of Crossland and Servis
[17] was followed for the preparation of the me-
sylate from the 3-ethenyloxy-1-alkanol. The crude
mesylates were, in turn, converted into iodides by
treatment with 2.2 equivalents of dry sodium iodide
in anhydrous acetone (ca. 85 mL for a 25 mmol-
scale reaction) containing a small quantity of an-
hydrous potassium carbonate (ca. 250 — 500 mg) to
prevent hydrolysis by adventitious acid. For the most
part, the nucleophilic substitutions were completed
by stirring the reaction mixtures for 15 h at room
temperature under an atmosphere of drv nitrogen
although it was sometimes necessary to heat the
reaction mixture at gentle reflux to complete the
displacement. The reaction mixture was then fil-
tered, the solids were washed with fresh acetone,
and the combined filtrates and washings were
washed with dilute, aqueous NaOH solution. The
organic layer was dried over anhydrous potassium
carbonate, filtered, and concentrated to give the
iodides. Where necessary, the products were puri-
fied by chromatography.

E- and 7-1-lodo-4-oxaundec-5-ene (7). A mix-
ture of 3.09 g (17.9 mmol) of E- and Z-4-oxaundec-
5-ene-1-ol [14] (approximately 90% E and 10% Z)
was converted via the mesylate to 4.90 g (96%) of
an approximately 90:10 mixture of isomeric io-
dides: mass spectroscopic molecular weight caled
for (the isomeric mixture) C,,H,,0l (M '). 282.0482,
found, 282.0485. The mixture was used in subse-
quent reactions but it was possible to extract the
following NMR parameters for the individual iso-
mers from the NMR spectrum of the mixture.

E-I-Iodo-4-oxa-undec-5-ene. '"H NMR (CDCl,)
86.21(d, J,ane = 12.58 Hz, 1 H, H(5)), 4.79 (d of t,
Joans = 12.58 Hz, 3J = 7.32 Hz, 1 H, H(6)), 3.70 (t,
J =582 Hz, 2 H, H(3)), 3.27 (t,J = 6.79 Hz, 2 H,
H(1)), 2.17-2.05 (m, 2 H, H(2)), 1.91-1.86 (m, 2 H,
H(7)), 1.35—-1.23 (broad m, 6 H, H(8,9,10)), 0.88 (t,
J =6.60Hz, 3 H, H(11)); '*C NMR (CDCl;) 6 145.70
(C(5)), 103.47 (C(6)), 64.78 (C(3)), 33.59 (C(2)), 31.58
(C(7)), 29.12 (C(8)), 24.68 (C(9)), 22.64 (C(10)), 14.07
(C(11)), 3.52 (C(1)).

Z-1-lodo-4-oxa-undec-5-ene. 'H NMR (CDCl;)
8592 (d, J.s = 8.07 Hz, 1 H, H(5)), the other res-
onances are obscured by the strong absorptions of
the E-isomer; '3C NMR (CDCl;) 6 144.38 (C(5)), 107.93
(C(6)), 71.11 (C(3)), 33.32 (C(2)), 14.07 (C(11)), 2.45
(C(1)), the remaining resonances are common to those
of the E-isomer.
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1-Ethenyloxy-3-iodopropane (3). 3-Ethenyloxy-
1-propanol (4.60 g, 45.0 mmol) was converted via
the mesylate to the title iodide. Purification by chro-
matography on a short column of activated alu-
mina using pentane as the eluent gave 1.60 g (17%
from alcohol) of the known [18] product; '"H NMR
(CDCls) 6 646 (d of d, Jyruns = 14.35 Hz, J;, = 6.82
Hz, 1 H, OCH=CHj,), 4.21 (d of d, Jyrans = 14.35
Hz, J,em = 2.13 Hz, 1 H, OCH=CH,), 4.02 (d of d,
Jes = 6.82 Hz, Joemm = 2.13 Hz, 1 H, OCH=CH,),
3.75(t,J = 5.83 Hz, 2 H, H(1)), 3.28 (t,J = 6.78 Hz,
2 H, H(3)), 2.15 (pentet, J = 5.83 Hz, 2 H, H(2)); '3C
NMR (CDCl;) & 151.52 (OCH=CH,), 86.82
(OCH=CH,), 67.20 (C(1)), 32.74 (C(2)), 2.31 (C(3)).

3-Ethenvyloxy-1-iodobutane. The iodide was
prepared via the mesylate from 4.21 g (36.2 mmol)
of a mixture of ca. 62% 3-ethenyloxy-1-butanol and
ca. 38% 4-ethenyloxy-2-butanol. Column chroma-
tography of the crude product on 500 g of a 1:1
mixture of anhydrous K,CO; and silica gel (10%
EtOAc/hexane) gave 3.47 g (42%) of pure title io-
dide: "H NMR (CDCl;) § 6.29 (d of d, J s = 14.13
Hz, J., = 6.57 Hz, 1 H, OCH=CH,), 4.27 (d of d,
Jians = 1413 Hz, Jyem = 1.61 Hz, 1 H, trans-
OCH=CH,), 4.04-3.92 (overlapping patterns, 2 H,
ie., 399 d of d, Js = 6.57 Hz, J,.m = 1.61 Hz,
OCH=CH,), 3.80-3.71 (m, H(3)), 3.20 (m, 2 H, H(1)),
2.14-1.87 (m, 2 H, H(2)), 1.20 (d,J = 6.20 Hz, 3 H,
H(4)): 3C NMR (68 MHz, CDCly) & 150.62
(OCH=CH,), 88.60 (O0CH=CH,), 75.20 (C(3)), 40.22
(C(2)), 19.32 (C(4)), 1.79 (C(1)); mass spectroscopic
molecular weight calcd for CcH; 0l (M™*), 225.9857,
found, 225.9864.

3-Ethenyloxy-2-ethyl-1-iodopropane. The  io-
dide was prepared via the mesylate from 3.00 g
(23.0 mmol) of 3-ethenyloxy-2-ethyl-1-propanol.
Column chromatography of the crude product on
500 g of a 1:1 mixture of K,COj; and silica gel (10%
ethyl acetate/hexane) afforded 5.40 g (98%) of pure
title iodide: "H NMR (CDCl5) 8 6.37 (d of d, Jyuns =
1436 Hz, J,, = 6.82 Hz, 1 H, OCH=CH,), 4.10 (d
of d, Jyuns = 1436 Hz, J,., = 201 Hz, 1 H,
OCH=CH,), 391 (d of d, ;s = 6.82 Hz, J o0, = 2.01
Hz, 1 H, OCH=CH,), 3.57-3.19 (unresolved, 4 H,
H(1)and H(3)), 1.43—1.28 (unresolved, 3 H, H(2) and
2-CH,CH,), 0.84 (t,J = 7.30 Hz, 3 H, 2-CH,CH,;);
13C NMR (CDCl3) 6 151.50 (OCH=CH,), 86.48
(OCH=CH,), 69.61 (C(3)), 40.50 (C(2)), 24.07 (2-
CH,CH;), 11.10 (2-CH,CH,3), 10.88 (C(1)); mass
spectroscopic molecular weight caled for C;H,50l
(M™), 240.0013, found, 240.0025.

trans-I-Ethenyloxy-2(iodomethyl)cyclohexane.
The iodide was prepared via the mesylate from 6.73
g (43.1 mmol) of a mixture of ca. 65% trans-[1-(2-
ethenyloxy)cyclohexyllmethanol and ca. 35% trans-
2-(ethenyloxymethyl)cyclohexanol. Purification of
the crude product by column chromatography on

500 g of a 1 : 1 mixture of K,CO, and silica gel
(10% ethyl acetate/hexane) afforded 6.30 g (55%
from the mixture of alcohols) of pure iodide: 'H
NMR (CDCL) 8 6.31 (d of d, J,.,,, = 14.04 Hz, J,,
6.49 Hz, | H, OCH=CH,), 4.28 (d of d, J,..,. = 14.04
Hz, J,.. = 1.52 Hz, 1 H, OCH=CH,), 3.96 (d of d,
Jus = 6.49 Hz, J,.. = 1.52 Hz, 1 H, OCH=CH,),
3.47-3.29 (m, overlapping patterns, 3 H, H(1) &
CH,-1I), 2.07-1.18 (complex m, 9 ring protons);
13C NMR (CDCl;) & 150.89 (OCH=CH,), 88.48
(OCH=CH,), 81.11 (C(1)), 43.61 (C(2)), 31.64
(C(6)), 31.22 (C(3)), 24.80 (C(5)), 24.51 (C(4)), 13.30
(CH,-I); mass spectroscopic molecular weight
caled for Co,H, 01 (M+), 266.0168, found, 266.0179.

4-Ethenyloxy-1-iodobutane. The iodide was
prepared via the mesylate from 6.2 g (53.4 mmol)
of 4-ethenyloxy-1-butanol. Column chromatogra-
phy of the crude product on 500 g of a 1:1 mixture
of K,CO; and silica gel (10% ethyl acetate/hexane)
afforded 9.65 g (80%) of the known [18] title iodide:
'H NMR (CDCls) 6 6.39 (d of d, Jyane = 14.34
Hz, J.s = 6.81 Hz, 1 H, OCH=CH,), 4.11 (d of d,
Jiwans = 1434 Hz, J 4o = 2.00 Hz, 1 H, OCH=CH,),
393 (d of d, J.is = 6.81 Hz, Jyo, = 2.00 Hz, | H,
OCH=CH;), 3.64 (t,J = 6.06 Hz, 2 H, H(4)), 3.17
(t,/ = 6.82Hz, 2 H,H(1)),1.92-1.57(m, 4 H, H(2,3));
1*C NMR (68 MHz, CDCl;) 6 151.58 (OCH=CH,),
86.40 (OCH=CH,), 66.48 (C(4)), 29.99 (C(3)), 29.78
(C(2)), 6.31 (C(1)).

General Procedure for the Preparation and Rear-
rangement of 4-Oxa-5-hexenyllithiums. An appro-
priately sized single-necked, round-bottomed flask,
fitted with a magnetic stirring bar and a rubber
septum, was flame dried under argon. The cooled
flask was charged with the appropriate 3-iodoalkyl
vinyl ether and enough n-pentane/diethyl ether (in
a 3:2 ratio by volume) to give an approximately 0.1
M solution. The flask and its contents were then
cooled, with stirring, to —78°C (dry-ice/acetone) and
2.2 equivalents of -butyllithium in pentane (Ald-
rich) was added dropwise via syringe over a 5-min
period. The solution was stirred for an additional
S min at —78°C, the cooling bath was then removed,
and the mixture was allowed to warm to room tem-
perature. Upon reaching ambient temperature, the
mixture was allowed to stand for 1 h without stir-
ring. The solution was then treated with an excess
of either deoxygenated methanol or deoxygenated
water, washed with two portions of water, dried
(anhydrous potassium carbonate), filtered, and
concentrated to give the 4-alken-1-ols listed in
Table 1.

The products listed in Table 1 are known com-
pounds whose physical and spectroscopic proper-
ties were fully in accord with those reported for 4-
penten-1-ol (5) [19], 5-hexen-2-ol [20], 2-ethyl-4-
penten-1-ol [21], trans-2-allylcyclohexanol (22], 5-



hexen-1-ol [23], and (2-ethenylbenzene)methanol
[24].

Treatment of 2-Allyloxyethyl Iodide (1) with t-BulLi:
Formation of Allyl Alcohol and Ethylene. An ap-
proximately 0.1 M solution of 262.5 mg (1.24 mmol)
of 1 in n-pentane—diethyl ether (3:2 by volume) was
treated with 2.2 equivalents of -BuLi following the
procedure outlined above. The mixture was stirred
at —78°C for 5 min and 1 mL of deoxygenated meth-
anol was added to the cold solution. The only prod-
uct present by gas chromatographic analysis on a
25 m X 0.20 mm cross-linked methyl silicone col-
umn was allyl alcohol. The reaction was repeated
and the effluent gas was bubbled through a cold
(—78°C) pentane solution of bromine to trap the
ethylene fragment and 1,2-dibromoethane was
identified by GC analysis of the mixture.
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