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Abstract - Various methods for stereospecific deoxygenation of époxides to
olefins are presented. The mechanisms involved in these transformations will

also be discussed, ‘

Irtredustion

Deoxygenation of epoxides to olefins has aroused great interest. In the past three decades, chemists
have shown great enthusiasm to methods which are able to increase the ylelds as well as to control
the stereochemistry of these reactions, so that they may become more feasible. Subsequently, a great
many improvements in the stereospecificity of theae reactlons have been recorded.

Deoxygenation of epoxides to olefins remains as one of the most important transformations in organic
synthesls, because structure elucidation of complex organic molecules, as well as inversion of the
geometry of carbon-carbon double bonds can be accomplished.l To this comnection, cis-olefin (1) and
trans-olefin (4) can undergo epoxidation to cis-epoxide (2) and trang-epoxide (3) respectively.
When appropiate deoxygenation reagent is employed, cis-epoxide (,g) and trans-epoxide (,é) can be
converted to the correaponding trans-olefin (@) and cis-olefin Q.) respectively.
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Furthermore, a number of reagents have been found to possess ability of deoxygenation cis-epoxide
(2) and trans-epoxide (3) to accordingly cis-olefin (}) and trans-olefin (4). The term "retention"
is used to describe the geometry of this conversiom, which is extremely useful in the structure
elucidation of complex natural ‘products containing epoxide linkage.

In the following text, we would briefly review some of the multi-step procedures which can produce
olefing from epoxides stereospecifically or non-stereospecifically. Then some reagents which are
capable of deoxygenating, epoxides to olefins non-atereospecifically will be given in Table 4. Fin-
ally, the reagents and thelr mechanisns for the one-step epoxide sterecspecific deoxygenaticn to

olefin will be discussed in details. Table 1 shows the brief layout of this review.
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Table 1

Non-atereospecific
o= Multi-step
Procedure Retention
Stereospecific
Deoxygenation of
Epoxides to rr—d Inversion
Olefins
r~— Non-stereospecific
or Sterecchemistry
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—— One-step
Procedure
——Retention
e Sterecspecific —
b Inversion
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Classically, deoxygenation of epoxides to olefins can be realized by multi-step procedures. All the
conversions discussed here involve opening of the epoxides as the initial step. For example, the
steroidal epoxide (a) can be ¢leaved by treatment with HBr. The resulting bromehydrin (2) is con~
verted to the olefin (Q), presumably via the Intermediate (Z‘).2 However, the non-stereospecific
manner of zinc reduction has been established by the conversion of 2,3-epoxy-3-methylheptane (2)
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CBH17
n
ACD b @ AcO o
3
to 3-methylhept-2-ene (;\L{Q).
0 H.C
TIN-NUAN {1) HBr 3
3
HBU/C CHCH, (2) Zn/HOAc "Bu/C=CHCH3
@ (103

On the other hand, when epoxide (&) is treated with sodium iodide, iodohydrin (R) 1s furnished
stereospecifically 1in 97% yield-3 Deoxygenation of (R) to (&) can be accomplished in 83% yield
by SnClz-—PDCl =-C.H N.3

37%5%5
Me OH
Me Et
Me 0 . gy Nal-NaOAc \‘ $nC1 \ /
" Me HOACEECO o gt 2021; W e
H
iy (1) He 55 ($E))

3
Moreover, (R) is produced stereospecifically with retention of configuration.” Likewlse, (,y\;‘) is
3
converted te (IJ\.(Q) via (,]\.‘2).

Application of this procedure to more complex molecules has been successful. Thus, the diepoxide
(H) can be converted to squalene (;\I.NS).[‘ Likewise, epoxide (}2) is converted to (2Q) with retent-

ion of configuration.s
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(1) NaI-HOAc-NaDAc

{2) SnClz—P0C13—C5H5N

as

{1) HaI-KaChc
———————
(2) SnClz—Pocl

CSHSN

Stereospecific transformation of cis—epoxide to a trans-olefin was reported by Corey and Durst.6

Thus, cis-epoxide (%%) can be converted to trans-olefin (%%) via wany steps.
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Inversion of configuration has also been observed when epoxide (%&) is hydrolyzed stereospecifically
to the diol (24) which is then treated with thionocarbonyldiimidazole (ImZCS) to give the thiocno-
carbonate (,%2). Trialkyl phosphite has been found to be effective in converting (’1\22) to the olefin

3
1 2 '31 ™ R\i rR 1 3
R 0 H + R Im,CS P(OR) R R
~. S H30 \ 2 RE. / 3
R? r3 H 7T N
@D HO R 0 (25 (26)

Isaacs and Kirkpatrick found out that treatment of epoxides with triphenylphosphine in carbon
tetrachloride gave g—l,z-dichloroalkane.s Therefore, cis-epoxide gives erythro dibromide with
triphenylphogphine dibromide in benzene. On the other hand, trans-epoxides can be treated with
hydrochloric acid to give chlorohydrin, which 1s further converted into threo~bromechloride by
adding triphenylphosphine dibromide to replace the hydroxyl group. Zinc reduction can be performed
in resulting anti-eliminarion at 0-5°C in DMF.S The oversll result of this deoxygenation gives
inverted olefin. {Scheme 1)

Scheme 1
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Treatment of epoxides with potassium methyl xanthate affords trithiccarbonate with inverted cen—
figuration. The possible mechanism involves & trans opening of the epoxide ring and a traps
closing of the episulfide ring. The intermediate episulfide is then attacked by a second wclecule
of xanthate with inversion. Since the closing of the trithiocarbonate ring does not involve the

breaking of bonds at the asymmetric centers, the trithiocarbonate of inverted configuration should
be cabtained.9 (Scheme 2)
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Scheme 2
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The final product, trithioccarbonate, can simultaneously precipitate in methanol soluticn.(Table 2)

5
Ny PN
R H R -ﬁ“* R

H H
Table 2
Epoxide Stereochemistry Yield (%)
R = Me trans 53
R = Me cis 72
R = Ph trans 18
R = Ph cis 67

Corey and co-workers reported that treatment of the trithiocarbonate (%1) with an effective
sulfur-removing reagent e.g. triisooctylphosphite would furnish olefin. Moreover, specific cis-

elimination is observed.10
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+ P(OR), —— g + (RO),PS + CS

2

The reaction might undergo through formation of a carbene (%%) which 18 unstable relative to
olefin and carbon disulfide.

s Vs
1 3
R - - u
PP

The trans-thiocarbonate (39) is converted to trams-cyclooctene with 99% sterecspecificity in 99%
yield by heating with triisccctyl phosphite at 135°C for 46 h.

H
H
-5
135°C
)=s + P(OR), + (RO),PS + 8,
D 46 hr Ny
H
(29)
R

Van Ende and Kriefll discovered that treatment of bromohydrin with fourfold excess of potassium
sulfocyanate or potassium selenocyanate in DMF at 60°C for 2 days produced the B-hydroxysulfocyanate
(30) or the B-hydroxyselenocyanate (31) in high yields. When B-hydroxysulfocyanate (39) was further

treated with potassium carbonate, a thiirane (r%,%) was vielded in 70X%. Compound (;\’»/%) is then trans-
formed to olefin with inverted configuration in 70% yield.ll

{l GH NCS R R
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\‘R H H
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-
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When B-hydroxyselenocyanate (%) is subjected to similar treatment with base, an olefin would

form directly in 40-58% yield. This phenomenon can be explained by analegy with sulfur via the
formation of a selenirame (33) which is not atable and would expel smoothly the selenium atom lead-
ing to an olefin.

Hence epoxide can be converted into bromohydrin easily, which subsequently can be further eliminated
to olefin with inversion of configuration. The sterecspecificity is higher than 8()%.11

Reduction of epoxides can be effected by reaction with potassium benzyl sulfide and oxidation of the
product B-hydroxysulfinyl derivatives. f-Hydroxysulfinyls apparently do not eliminate directly, but

further oxidation of which with NBS, NCS or S0,Cl, imn CH,Cl, would produce clefins with inverted

2772 2772

2
t:cn-lf:lguratzl.on."i The reaction, which has been depicted as proceeding through B-sulfines (é,{!,),
succeeds best with highly-substituted epoxides. The yields of these reactions are falr (v45%} but

the stereospecificity is good (>99%).

0

H\AH 1. PhCH SK NCS pnc|-| S m—
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PhCHz $=0

\-_)I Oxg
I\

(34)

Bim and Wh:l.te.l3 reported that when epoxide reacts with hydrazine, the resulting B~hydroxyalkyl-
hydrazine (,'_\"/%) is able to cyclize to 3-amino-2-oxazolidone (,-:’,Q) with diethyl carbonate. Oxidaticn
of (,’%) to sulfoximine (QX) 15 accomplished with lead tetraacetate in CH2C12 and DMS¢. The cry-
stalline sulfoximine decomposes smoothly at 110-130°C in DMSO via diazene (%g), producing olefin
with inverted stereochemistry (Table 3).13
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Table 3 Conversion of epoxides to 3-amino-2-oxazolidones (%), sulfoximine (u) and olefins

[
[

3 4

R R R R Yield of (36) Yield of (37) Yield of olefin Total yield
H H H H 607 68% 922 38%
Me H H H 632 58% 91% 333
Ph H H H 16% 78% 94% 123
Fh H H Fh 317 79% 972 24%
—(CH2)6— H H 21% 682 612 9%
Me Et H H 46% 671 81% 252
Et Me H H 462 67% 81% 25%
Ph Ph H H 28% - 917 25%

As illustrated by the aforementioned examples, it appears that although some of the multi-step pro-
cedures are highly efficient and sterecspecific, too many transformations would by all means de-
crease the total yileld of an overall conversion. In order to realize the one-step stereospecific
deoxygenation of epoxide to olefin, chemists have developed quite a number of reagents which can

give edither non-stereospecific or stereospecific results.

on~sterecfpec, One-gt enation

Huge number of reagents are known to effect one-step deoxygenation of epoxides to olefins. Those
teagents which lack stereocontrol or whose stereochemical nature has not been investigated are
tabulated in Table 4.

Table 4 One step non-stereospecific deoxygenation of epoxides to olefins

Reagents Solvents References
crcl, HOAc-HC1 14
Cr(0Ac), CH4COCH-H,0 14,15
cr(c10,) 5~H,NCH,CH NH,, DMF 16,17
Zn~NaI-NaOAc HOAc 2
(Et0) P, 150-174°C, pressure - 18
Ph,P or “Bu3p, m-C1G,H, CHO - 19
Zn HOAc 20
Zn—Cu EtOH 17
Mg (Hg) -Mghr, THF 21
Li THF 22
Ti, Vv, Cr, Co, Ni - 23
(n~C cHg) oT1 THF 24
Fe{CO) g Me,NCONMe, or Me,NCOCH, 25
Ph,P-1, CH,CL, 26
1?214 EBHSN—Etzo or CH,CL, 27
Sml, or YbI, BuOH-THF 28
Fec13-“BuLi THF 29
TiC1,-L1AlH, THF 30
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Table 4 cont.

Reagents Solvents References
NbClS—NaAlH4 'I'i'lF—Cél-I6 31
(ﬂ‘CSHS}2M0012—Na(Hg) C6H6 or Et20 or THF 32
(n—CSHS)ZWCIZ—Na(Hg) €, or Et,0 or THF 32
(n-CSHS)zTiclz—Na(Hg) CgHg or Et,0 or THF 32
(“"Csﬂs)zerlz'Na(Hg) C6H6 or Et20 or THF 32
(n_CSHS)ZMDO_Na(HB) 06H6 or Et20 or THF 32
(n-CSHS)ZWO-Na(hg) C6H6 or Et20 or THF 32
- c t

In the last decades, organic chemists devoted great efforts to discover new methods and reagents
for deoxygenation of epoxides to olefins. A lot of reagents have been reported for this interesting
reaction in order to control the stereochemistry of olefinic products and to increase yield as well
as to shorten the reaction time.l We will discuss in details those reagents which are able to de-
oxygenate epoxides to alkenes stereospecifically or with high stereoselectivity. In this section,
we will concentrate on those reagents which are capable of preserving the configuration of the

epoxides.

1. Low=valent Tungsten33

Sharpless prepared several tungsten reagents which were used to convert epoxides to olefins. Some
of the tungsten reagents [(%2),(&2) and (i%)] are prepared by in situ reduction of Wcl6 with
alkyllithium in THF for small and medium scale deoxygenation. The other solid tungsten reagents
[(43) and (44)] are easily prepared by reduction. Thus, the stoichiometric use of this reagemt
has been established.{Scheme 3)

Scheme 3
WClg + 2RLi T &)
WCL. + 3RLi THE (40>
WCl, + 4RLi THF (41)
WCl, + 2.4 dispersicn THE @G
1ig°
WCi, +
6 ALAT in vacue, no selvent %
WCl, + 2141 1307 E7))]
6 in vacue, no solvent A
130°
WCl, +
6 2RI in vacuo, no solvent %)
(4%} + 2Lic1 THE (46)

In using the reagent (%2) to deoxygenate mono- and disubstituted epoxides in smaller rings, chloro-
bydrins are formed as by-products. The production of by-products can be suppressed by using the less
acidic reagents (QQ), (é%) or (&%).
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Sharplesa and his co-workers used experimental evidence to show that chlorohydrins could not be the
intermediate in such reaction. The explanation is that under the usual reaction conditions chloro~
hydrins are reduced much more slowly (and with complete loss of stereochemistry) than the corres—
ponding epoxides. The controls are set up by adding excess diisopropylethylamine to take up the HCL
presumed to be formed upon alcoholysis of the tungsten reagent by the chlorohydrin. Under mild eon-
ditions, ifodohydrins are rapidly and stereospecifically reduced, suggesting that the sluggishness
of the reduction of chlorohydrins camnot be attributed to rate~determining formation of the reduct-
ion of the alkoxytungsten intermediate.

However, the obtained chlerchydrin due to the use of reagent (%2) can be converted to olefin by
refluxing the reaction mixture.

Tungsten reagents show high stereospecificity in deoxygenating the isomeric cyclodecene oxides, but
only limited sterecspecificity is observed for reduction of acyclic di- and tri-substituted epo-
xides.

Reagent (ég) shows high stereospecificity even with acyelic epoxides. This is suggested to be due
to the presence of unreacted lithium iocdide used in the preparation of reagent (i%). Stereocsgpecific
reductions are also obtained by adding lithium jodide to reagent (QQ)- Iodohydrin has been detected
in the reaction. Thus, with the added iodide, the reaction does not require separation of lode-
hydrins but gives olefins in situ. The experimental results are tabulated in Table 5.

Table 5
Yield of Tungsten Reaction

Epoxides of olefins (%) % Retention Reagent time/h temp./°C
1-dodecene 80 - (%2) 42 reflux
1-dodecene 55 - (22) 3 T.t.
cis-4-octene 86 66 (49) 2 r.t.
cis-4-octene 61 L] (&2) 1 =10
cis-4~-octene 61 93 (Qé) 2 r.t.
trans-4-octene 93 70 (22) 2 r.t.
trans-4-octene 84 »98 (22) 2 r.t.
trans-4-octene 97 >98 (&g) + 2Li1 0.3 r.t.
4-ethylcyclohexene 75 - (22) 3 reflux
4-athylcyclohexene 65 - (ég) 3 r.t.
4-athylcyclohexene 57 - (é%) 3 r.t.
cis-cyclododecene 89 94 (32) 2 0
cis-cyclododecene 88 96 (39 2.5 -10
cis-cyclododecene 70 98 (%2) 2 =22
trans-cyclododecene 98 95 (22) 2 r.t.
trans-cyclododecene 97 95 (&i) 2.7 r.t.
trans-cyclododecene 98 95 (42) 2 r.t.
trans-cyclododecene 98 95 (éﬁ) 2 r.t.
cyclooctene 89 - (39) 3 =5
cis-stilbene 80 - (%2) <0.3 0
trans-stilbene 86 - (32) <0.3 r.t.
2,6~dimethyl-8-methoxy-l-octene 83 - (%2) 0.3 r.t.
gernaniol methyl ether 37 12 (22) 1 0
stigmasterol acetate 83 - (22) 0.1 r.t.
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2, Triphenylphosphine selenide%

Clive and Denyer reported that triphenylphesphine selenide and trifluorcacetic acld constituted an
effective mild reagent for the deoxygenation of epoxides. The reaction proceeds rapidly at room
tetperature to give olefins with retention of configuration. The experimental procedure involves
the addition of one eqguivalent of trifluorcacetic acid in Cl-[zcl2 te a solution of epoxide and an
excess amount (2-3 equiv.) of triphenylphosphine selenide in the same solvent. The reaction route
is expected to go through episelenide (illz) which decomposes to give alkene. The mechanism is shown

in Scheme 4. The experimental results are summarized in Table 6.34

Scheme 4
: i
LNy A Eh,PSe RO\
———————
~
R / ~, CF,CO0H “H
room temp. Sa R
Php*
3
Ph
, P> §Ph
\ ’I Sep ©
/ \ - —"H
R R R
H
I—Se
H\ ).[ —PhJPO
RV R g
EF)
Table 6
Epoxides of Yield of eclefins (%)
1-octene 71
cis-2-octene . 73
trans-2-octene 68
cis-stilbene 71
cyclohexene 53
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35
3. Potassium selenocyanate

In neutral or slightly alkaline solution,epoxides can be deoxygenated to olefins with methanolic
solution of potassium selenccyanate. The reaction undergoes a minimum of two half-rotations about

the carbon-carbon bond which is originally presemt in the epoxide system as in Scheme 5.

Scheme 5

H<_ G LA KSeCN
R A R MEOH-H 0
-60°C

NCSe

2
1%
SeCN

H\_/H v CN
- v \»7(

This reaction proceeds faster at higher temperatures. But it fails in the aprotic solvents, such as
DMSO and DMF even at high temperatures. The reaction rate 1s second-order in epoxide and seleno-

cyanate. Experimentally, the reaction time and temperature are typically 18 hr and 65°C, respect-

ively. The solvent used can be methanol-water (v/v 10:1), The results are shown in Table 7.35
Table 7
Reaction

Epoxides of Yield of olefins (%) temp/°C time/k
methyl cls-%-octadecencate . 100 58 18
methyl trans-9-cctadecenocate 98 65 18
trans-stilbene 100 65 2.5
cyclohexene 100 25 72
1-methylcyclohexene 62 25 72
cycloheptene 34 58 72

4, 3—Methy1—2-selenoxobenzothiazole36

It was reported that even at low temperature (-15°C), epoxides reacted with 3-methyl-2-selenoxo-

benzothiazole (48) in CH2C12 to give olefins with retention of configuration. The reactlon might

proceed through twe Walden inversiocns in order to maintain same configuration as the starting ep-
oxide. The recovered selenium can be reused. The reaction scheme and experimental results are shown

in Scheme 6 and Table § z:eapet:l:ively.S6
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Scheme 6

I, -
@5?:5‘5 H\(' _H CF,CO0H R I‘\ 0

S —
CH,C1 ~ WH
(48) \) 272 Se A

ice bath temp. . I
H H Me—K S

Table 8

Epoxides of Yield of olefins (%)
cyclohexene 100

styrene 90

vinyl chloride 100
cis-stilbene 97
trans-stilbene 95

5. Alkali metal 0,0~diethylphosphorotelluroates”

Clive and Menchen discovered that alkalj metal 0,0-diethylphosphorotelluroates (,{;}2) are highly
effective reagent for the stereospecific deoxygenation of epoxides. These reagents can by made by
stirring elemental tellurium with one equivalent of dimethyl phosphite salt (EtO)zPOE M 1n an-
hydrous ethanol (or THF). After evaporation, a white c¢rystalline solid is left and can be readily
destroyed in atmosphere. Thus, the tellurium salt (f\rg) should be prepared and used under nitrogen.
Although these reagents can be prepared in THF, they fail to deoxygenate epoxides in the same sol-
vent. Instead, ethanol is used for this propose. These reagents possess the property to react with
methyl iodide to give ester (,EQ).

- + !
(Et0) ,PO-Te M + cH, I —————  (Et0),P0-TeCH (M = Li,Na,K}

3

49 &2
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Early work on these reagents showed that elemental telluriwm powder dissolved quickly in sedium di=~
ethylphosphite-ethanol solution. Deoxygenation of terminal epexides proceeded rapidly, but sodium
diethylphosphite did not react with epozides at a comparable rate.

Thus, the experimental procedures have been modified to the level of a catalytic process. Small
amount of tellurium and terminal epoxide are stirted in ethanol under nitrogen. To this mixture, an
ethanolic solution of sodium diethylphosphite is added slowly. The tellurium is dissolved to liber-
ate the active specles, salt ('!\;J%) which deoxygenates the gpoxide to olefin. During the reaction,
tellurium is liberated and is able to combine with the sodium diethylphosphite to regenerate salt
(’!\0'2) for further reaction with epoxide.

The sodium diethylphosphite tellurium should be added in small amount everytime, the tellurium al-
ternatively dissolves and precipitates. But, when the phosphite solution is injected more rapidly,
the reaction mixture stays clear until all epoxide has been deoxygenated and atabout that stage the
metal deposits. This is used to indicate the rough end-point of the reaction. The reaction scheme
is shown in Scheme 7.

Scheme 7

o
_ EtO\,!,‘}OEt

- — e e e e - -
R R Ky ~H R - H

/ 0 Toom temp. Tf R H ‘ R

1]
“Te==P{0Ft), (49) 0=P{0Et
Te=P{ )2 =4 { )2 O—P(OEt}z

H H M, H H :
- 0
>___< -Te \ / R - (Et0)2P02 R ‘\
R R ‘TJ o / "“H.

The tellurium salt (32) can discriminate between different kinds of epoxide and the reactivity of

these salts depends on the counter cations of the salts. Amongst the three alkali tellurium salts,

the lithium dimethyl phosphite is the most reactive reagent. The follewing observations have been

obtained from experimental results.

(1) Terminal epoxides are deoxygenately more rapldly than the other substituted epoxides

(i1) Z-Geometrical isomer is more reactive than the E-geometrical isomer

(1i1) The deoxygenation reaction is stereospecific and the stereochemistry of the epoxide is re-
tented. This weansz that a Z-epoxide would preduce a Z-plefin.

(iv) Cyclohexene oxide 1s deoxygenated more easily than eyclopentene oxide,
Fermatlon of a cyclic intermediate (,%) accounts for the slowness of reaction Involving cyclopentene

oxide because the intermediate of such compound is suspected to be geometrically unfavorable. This

means that the intermolecular transfer of phosphorus from rellurium te oxygen is unfavorable.
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Table 9 is a collection of experimental results obtained employing these reagents to the deoxygen-

ation of epoxides to olefins.

Table 9

Epoxides

l-octene oxide
l-decene oxide
l-eicosene oxide

cis, trang-dodeca-4,8-diene
dioxide

cyclohexene oxide
28,3B~oxide-5a~chelestane
limonene dioxide

3-methoxy-estra-l,3,5,16-
tetraene-156,17~oxide

6. Methyltriphenylphosphoniur jodide (MTPI)

Qlefins

l-octene
1-decene

l-eicosene

cis,trans—dodeca-4,8-

diene

cis, trans-dodeca-4,8-

diene-4,5-oxide

cis,trang-dodeca-4,8-

diene-8,9-oxide
cyclohexene
Sa—cholest-2-ene
limonene-1, 2-oxide

3-methoxy-estra-1,3,5,
l16-tetraene

38,39

Reagent (49)
(EtO)ZPONa +
(Et0) ,PONa +
(EtO)zPONa +
(EtO)ZPOTeLi

(EtO)ZPONa *
(EtO)ZPOLi +
(Et0)2P0Na +
(EtO)ZPOLi +

Te
Te

Te
Te
Te
Te

Yields (2)

12

70

91
6.6

46.8

88

76
39

At room temperature for ome to two hours and in the presence of boron trifluoride etherate in

CH3CN, MTPI can readily deoxygenate mono-, di—, and tri-substitured epoxides stereospecifically to
olefins with retention of configuration.

The reaction of MIPI and epoxide is suspacted to go via the presumable intermediate (E%) as shown

in Scheme 8.
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Scheme 8
+ (Ph0)3PCH3
{PhO) PCHa
? H\ g ' H H
H\ ) ’,H BF,.Et,0 Ral \ ’
—— il —————————
R R MeCN or "~ / N\
\ CeHs I " R
1 (32)

The suggested intermediate (2,%) is a phosphorylated iodohydrin which undergoes anti-elimination to
give the sterecspecific olefin,

The reactivity of the lodide ion on the deoxygenation reaction using MIPI has been investigated by
using the following experiments. When sodium iodide is used instead of MIPI, epoxides are partly
transformed into iodohydrins without the formation of olefins. However, thig deoxygenation could be
more effective by applying potassium iodide complexed with crown ether to an extent less than the
deoxygenation with MTPI. The aforementioned observation shows that the reactivity of the lodide jon
is important for the deoxygenation. Moreover, MIPL is considered to be a more effective method than
the method using the "naked" iodide ion penerated from potassium iodide and crown ether. The relat-

ed experimental results are summarized in Table 10.

Table 10
Yield of Olefins by using

Epoxides of MTPI {%) KI-crown ether (%)
l-decene 60 54
methyl cis-9-octadecencate 95 85
methyl trans-9-octadecenoate 99 94
methyl cis-13-doeicosenoate 86 46
methyl trans-l3-doeicosencate 99 71
2,6-dimethyl~8-methoxy~l-octene 74 31
2-androsten-17-one 99 78
5~cholestene 91 53
4=cholesten-3-one 99 44

7. Dphosphorus tetraiod:l.de26 »40

In the presence of dry ether (or CCla,.) and pyridine, or if required, at reflux under aniltrogen, ep-
oxides can be efficlently converted to the olefins with diphosphorus tetraiodide. The diphosphorus
tetrajodide can be easily prepared by disproportiomation of phosphorus triiodide and potassium
iodide in dry ether.

Arylepoxides, vinylepoxides and o,B~epoxycarbonyl comwpounds are deoxygenated smoothly in ether at
room temperature, while the reaction of simple alkyl epoxides is sluggish under the same conditions

and heating is required in CClA for completiom.
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There are several advantages in employing this reagent for the deoxygenation. There are neither

observable rearrangement of epoxides into carbonyl compound nor saturation of the double bond when
this reagent is used. The reagent does not attack cyelopropane ring. The simultanecus formation of
non-terminal alkenes can be avoided during the deoxygenation of terminal epoxides. Moreover, the
reaction would proceed rapidly, cleanly and mildly.

Conventionally, vinylphosphates can be synthesized by treating l-alkyl-l-hydroxyethylphosphates
with thionyl chloride where isomeric product othér than the vinyl product is produced. But, newer
and more satisfactory method for the synthesis of these vinyl derivatives of phosphorus compounds
can be alded by the use of diphosphorus tetraiodide.

The synthetic route is the initial conversion of p-toluenesulfonate to diphenyl-vinylphosphine
oxide (f%r_a) which is then converted to the target, vinyl derivatives (2}\;’) of phosphorus compounds.

The general equation and the experimental results are shown in Scheme 9 and Table 11 respectively.

Scheme 9
ﬂ 0 Ph \lz Ph\l'!
R-C-ciors PRl DBV PR >A PRI
Yo P T 2w Et N R
cacl3 (=1
Table 11
Epoxides Olefins Tields (X
5~phenylpenta~1,3-diene-1, 2-oxide 5-phenylpenta=-1,3-diene 42
isophorone oxide isophorone 95
1-nonene oxide l-nonens 92
trans-gtilbene oxide trans-stilbene 83
1,1-diphenylethene oxide 1,1-diphenylethene 70
l-p~tolyl-l-ethylethene oxide 1-p-tolyl-l-ethylethene 64
l-cyclopropyl-l-phenylethene oxide 1-cyclopropyl-l-phenylethene 54
Q
i o ﬁ - 80(R = Ph)
Ph, P -
2 >[_ \ Ph2P> _ TO(R = Me)
R R 76{(R = Et)
70(R =
c.H,.)
& 6 11
64
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8. Triphenylphosphine diiodide and triphenylphosphine hydricdide

41

The iodohydrin (éé) cat be prepared by anti-opening of epoxide with hydrogne ilodide. Subsequently,
the iodohydrin (22) can be phosphorylated by triphenylphosphine dilodide wiich afterwards proceeds
through an anti-elimination to provide the olefin stereospecifically with retention of configuration.
The mechanism of this reaction is shown in Scheme 10.

Scheme 10

W H
—_—-

Combining use of triphenylphosphine diiodide and triphenylphosphine hydriodide, epoxides can be de-

oxygenated to olefins. The conversion scheme and experimental results are shown in Scheme 11 and

Table 12.

Scheme 11

+ Ph.PI, + Ph,PHI

32 3

Table .12

Epoxides of

l-eicosene

trans-3-octene
trans—4-octene
cis-4-octene
cis—2-methyl-7-octadecene
cis~7-dodecenyl acetate
trans-4-tridecenyl acetate
cls-9-tetradecenyl formate

3,7-dimethyl-7~octenyl formate

41
OH
PhPL,
———
\‘\
H
R

1) 0°C for 24 hr H\ /H
2) 25°C for 24 hr R/ \R

Stereospecificity ()

100
100

99
>98
»>99
>98
100
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+ Ph,PO + Ph,P + HI 4+ I

Yield of 'Olefins (%)

95
>95
>95
»>95

91

93

94

93

98



9. Dimethyl diazomalonate42

Dimethyl diazomalonate has been reported to deoxygenate epoxides to olefins with catalytic amount
of bilnuclear rhodium (II) carboxylate. The reaction condition has been described to be mild and
neutral. The experimental procedure involves the reflux of epoxide in benzene (or toluene) for a
period of 30-45 min with dirhodium tetraacetate ha(OAc)a as catalyst. The reaction can be sum-

marized 1n Scheme 12.

Scheme 12

H 0, M Celg
}LA&R +  Npsc(coMe), —28 R + O==C(coMe),

Rh, (0Ac) i R

reflux

The mechanism has not been reported, The reaction products are olefins with retention of configur-
ation. Different epoxides are used to react with dimethyl diazomalonate in the solvent with reflux.

The results are shown in Table 13,

Table 13
i

Epoxides of Solvents Yield of Clefins (%)
cyclohexene toluene 80
cis-cyclododecene benzene 83
eis—cyclododecene/trans—cyclododecene benzene 85
cis-Z2-hexene benze:ne-c’l'€| 82
trans-2-hexene benzene—d6 80
2,3-dimethyl-2-butene toluene 60

propene benzene 84
4=bromo—1-butene toluene 84
J-acetoxy-cyclohexene benzene 76
2-cyclohexenone benzene 80

Al
@ o]
82
= OMe

10. Alkyl and homoalkylmanganese complex2543

¥auffmann and Bisling reported the use of alkyl and homoalkylmanganese complexes on the deoxygen-—
atlon of olefins to epoxides. The results are listed in Table 14.
From Table 14, it is observed that the reagent Bu MnLi is more effective than MeMnCl in the deoxy-

3
genation of epoxides.
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Table 14

Epoxides of Reagents Yield of Olefing (%) Z/E ratio
styrene MeMnC1l 63 -
trans-stilbene MeMaCl 7 0/100
trang-stilbene Bu,MnLi 58 0/100
trans-stilbene 15\131~!I:IL."L'a 66 0/100
cis-stilbene Bu3MnLib 16 6/94
cis-stilbene BuMnl.1 59 10/90
cyclohexene MeMnCl n -
cyelododecene BuSMnLib 65 %4/6

(epoxide Z/E = 95/5)

a. 1h at -30°C, then 2 h at 20°C
b. 1 h at -30°C, then 2 h at 60°C.

11. Selen1:)(:arboxamides['4

Sonoda and his coworkers discnvlered the use of arylselenccarboxamide (,,?’Q‘) to the deoxygenation of
epoxides stereospecifically to olefins with retentien of configuration in the presence of catalytic
amount of a strong acid. This reagent is known to be easily prepared by the reaction of nitriles
with elemental selenium, carbon monoxide, and water. This reagent can reduce mono-, di-, and tri-

substituted epoxides following the suggested mechanism shown in Scheme 13,

Scheme 13
ﬁe o H\ 0
Ha _H Ph =C—NH \ -
o Y
R R H o°c Se ‘H
3 | F
Ph—C = HH +
b (36) Ph/‘\\mz
'
\C'{’NHE
H H L
H H \\ .r' R PhCONH Hy )
\ / R - 2 R\\: <
D ]
/ \ “47) -/ b H
R R e W Set R

The reaction mechanism 1s similar to that of the deoxygenation using potassium selenccyanate and
3-methyl-2-selenoxobenzothiazole (,@). Due to the fact that rotation of a carbon-carbon bond of a
cyclic epoxide Is restricted, an addition mechanism of this reactfon is proposed as shown in Scheme
14,
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Scheme 14

(CH)) (CH,) OH (CHy) 5
(p—hfc.ﬂin H* E OE\: \ S !

()5 u(‘ -Ph-c-m’- O e
Ph=—C=NH Ph= C\\,ﬁH

/ i
(cH,) R’ ‘R

CH,)
P 2’n
R R
. Se -...__ R
\ Se”
+
=N

o s
b= (cn ) pn 4= 7('?
HA = Zn ph /M

n\__ R

Se

2

2

Other selencamides, which can afford approximately 80% yield of olefins from epoxides, are shown as
follows:

Se Se Se
il Il Ié
Ph-C—NHO Ph—C—l\IH2 Ph—C—N}lCHzPh Ph- —N'an2
0 i
PhCH Z—C-NHCHZPh Me—C-NHCHZPh

The results of deoxygenation employing the benzeneselencamide ((?/Q) are summarized in Table 15.

Table 15

Epoxides of Yield of 0lefins (%)
1l-octene 39
trans-2-octene 74
cig-2-octene 75

astyrene 54
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Table 15 (cont'd)

Epoxides of Yield of Olefins (%)
cyclopentene 85
cyclohexene 84
l-methyleyclohexene 51
cyclododecene 82

12, Potassium nbutyl xarn:he.te'f'5

When potassium rll:u.n:yl xanthate is employed to deoxygenate epoxides (57) and (3B}, olefins (33) and
(QQ) can be isclated respectively in acceptable yields with retention of configuration. However,
the mechanism of this reaction is expected to involve thiccarbonate formation and episulfide ex-

trusion. Examples of the transformation are shown in Table 16.

R} 0 ,112 Ny ocs x R r? )
p . — 2 e - _
H H H‘ :n R (CH,) Me
57) (39) 2
A, *?2 R™ = -(Cﬂz)nCO2H
1 1
B AL MBu0CS K R H
2 2 > < 2
H H K
(38) (60)
Table 16
Epoxides n n Olefins Yields (%)
D 10 4 (39 45
(37 ? 7 (3 50
QD 7 11 (32 48
633 10 4 (80) 48
38 7 7 e® 40
(:8) 7 11 £3%) 45
46,47

-13. Trifluorcacetyl icdide-sodium iodide

It has been reported that trifluoroacetyl iodide can be generated in situ from trifluorvacetic
zohydride and sodium 1odide. 6 The combination of trifluorcacetyl iodide and excess sodium iodide
formulates a highly efficient reagent system for the stereospecific deoxygenation of epoxides to
clefins with retention of configuration. The mechanism of this transformation is shown in Scheme 15

and the results are tabulated in Table 17.46 Two Walden lnversions are responsible for retention of
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configuration.

Scheme 15
I
0 CF. 001 H R~ R
VAN LN LN T I
-
R Nal ! ~H I* H
\ R
f—F3 -
0
R R R,
\_/ RN
-_—— e
-
/ \ ~
R
H H 1 r
Table 1746
Epoxides of Yield of Olefins (%) Geometry Z/E
cyclohexene 77 -
1-decene 91 -
trans-5-decene (epoxide 93% trans) 95 4.5/95.5
cis~5-decene {(epoxide 94% cis) 95 93/7
1-methyl=-cig=-7-octadecene (epoxide 97.5% cis) 90 91.7/2.3
l-methyl-trans-7-octadecene (epoxide 97.5% 90 3797

trans)

Recently, Sarma and Sharma47 discovered

that the combination of trifluoroacetic acid and sodium

iodide can also smoothly effect deoxygenation of epoxides to olefins with retention of configurat-

inn.“ The results are shown in Table 18,

Table 1847

Epoxides

5-cholestene-5a,6x-oxide
5-cholesten-3g-o0l-5a,6a—-oxide

trans—-stilbene coxide

Olefins Yields (%)
5-cholestene 90
5=cholesten=-3g~ol 90
trans—-stilbene 90

60
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Table 18 {cont'd)
Epoxides Olefinsg Yields (%)

20

30

R = -CO-iPr

14. Trimethylsilyl ic::d:Lrlet'a’t‘9

Trimethylsilyl iodide is able to deoxygenate (g;l\.‘) and (é,%) to (gﬁ\‘l‘) and (g\o‘) t'espect:i.vel)i'.It‘8 How-
ever, in situ generation of trimethylsilyl jodide can be realized by reaction of trimethylsilyl

chloride with scdium iodide. Thus, epoxides can be converted to alkenes with retention of config-

Me(CHz)_‘,\ o, A He,511 Me (CH,), :H
H “(CH,) ;Mo GeL, H (cH,) ;e
(61 )
Me(CH)), 0, {CH,) e Me Si1 Me(CHL,) (CH,) JMe

" CClA " <H
(62) (64)
un, o

49

uration, The mechanism of deoxygenation with trimethylsilyl iodide is shown in Scheme 16 and some

49

of the results are listed in Table 19. Anti-elimination of (,92) would generate alkene with re=-

tention of configuration.
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Scheme 16

Sl!e3
Y - M
Hy JH Me,$1T R C - Me,S10 \ ,H
——i ————
= i R / \
I ~ -1
R R q H 2 R R
1R
1
(65

Table 19
Epoxides Olefins Yields (%)
Sa-cholest=2-ene-2a, 3a-oxide Sa=-cholest=2=-ene 96
4-cholestene-4q,5n—oxide 4-cholestene 95
4—cholestene-44, 58-oxide 4=cholestene 95
5-cholestene-5ua, ba—oxide 5~cholestene 97
3-methyl-2-cholestene-2a, 3u—oxide 3-methyl-2-cholestene 96
cis—h-tbutylcyclohexene oxide cis-fc-tbutylcyclohexene 94
l:rans-A-tbutylcyclohexene oxide trans-—ﬁ—tbutylcyclohexene 93
cyclohexene oxide cyclohexene 94
cis-2,5-dimethyl-3-hexene oxide cis-2,5-dimethyl-3-hexene 92
trang=-2,5-dimethyl-3-hexene oxide trans-2, 5~-dimethyl-3-hexene 95

RREAERRA R LA RRRREE A RETRRRA LR SR IR RERARRA R SRE R ER AR

Reagents which are able to alter the configuration of epoxides are useful because olefin inversion
1s an important process in organic synthesis.l The following text will be a brief survey of those

rezgents which can effect deoxygenation with inversion of configuration.

i. Triphenyipho sphinesn

Wittig and Haag discovered that epoxide and triphenylphosphine reacted at 200°C to give 75% yield
of the corresponding olefin. The reaction might ge through the betaine intermediate (9.2) so that

the product has an inverted stereochemistry.so
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" o Ph3P 0
\ -
Hay _JH PhgP R Al
“~ P
R R H
Pt R H R
(6} I
R H
N_/ +  Ph,PO
H R

2. Bis(dimethylamino)phosphorous acid51

Whea trans-2-butene oxide (3’\.”) was treated with bis(dimethylaminc)phosphorous acid in nbutyllit:hiu.m
solution at room temperature for 72 h, and followed hy thermal decomposition in toluene at 80°C,

cis-2~butene (‘_(\ig) was yielded in 20X with stereospecificity of 96%. Similarly, cis-2-butene oxide

(é’%) gave trans-2-butene (12) in good yield.

0
Me N __ 1§ H 0H
e ™
P—H A ° H.,C CH
“82" - . L {-THF H,0 H3C \ 80°c Caco3 3 3
—— e —_——— o/
0 r.t. ~ PhCH 68)
Hae - CHy 821 ~Chy 3 o
A HEZN-P-WZ H
Hae H g 202 yield
3 (7)) 96% cis
H OH
Me N 11 n
2 BuLi ' BO°C  CaCO H CH
~P™H H,0 H,C 3 3
"EZN + IHF » 2 . 3 . —_— \-—j (z’?‘)
r.t. 32% “H PhCH / \”
He M Me N-P-NMe, CH 3 H3C
H,C CH 5 20% yield
3 3 99% trans
69 '“"_

The purpose of using calcium carbonate-silica gel is to neutralize the acidic phospheric amide and
to prevent isomerization of the olefinic products.
The mechanism is found to be Wittig-like, i.e. the reaction undergoes an SN2 mechanism and is then
followed by a cis-elimination pathway {Scheme 17).
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Scheme 17

0
0 n 07Li%y ¢ 7 H
He2N>'>l_H Buli > NeZN--..!, 3 €D - 20
Me, N THF Ne N ‘
2 2
QY no )
]
‘l’“ HO +.NMe, HyC Me,NPNMe,
g—pNMe; \NHez Hah
Ho- \"HEZ -l - ~. - - G2
~H H H " H &
CH
(1%) HBC CH3 H3C (z%) CH3 3
heat
H H
S\ @
H3c CH3
Normantsz

suggested that the diamidophosphite anion (z%) wasg able to react with various alkyl
halides to give the cerresponding alkylphosphonodiamides, the products of P-alkylation. Such anion
might react with a suitable epoxide to preduce a B-hydroxyphosphonamide (z%), which is further el-
iminated to produce an olefin, via consequently betaine (zé) and oxaphosphetane (zé).

3. Lithium diphenylghusphide53

Vedejs and Fuchs developed the deoxygenation by using lithium diphenylphosphide (LDP), which can be
conveniently prepared from chlorodiphenylphesphine and lithium wire or from chloro-diphenylphosphine
and "butyllithium. The reagent is responsible for high yield deoxygenation of epoxides (Table 20).

Table 20

Epoxides Olefins

trans-stilbene
oxide

cis-stiblene
oxlde

trang-2=-o0ctene
oxide

cis-2-octene
oxide

cis=-gtilbene
trans—stilbene
cis-2-octene

trans-2-octene

Yield of Olefins (%)

95

95

77

75
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The mechanism of this transformation 18 a typical Wittig-like, phosphorus betaine formation, which
is followed by elimination in mild reactien condition53 {Scheme 18).

Scheme 18
_—
H. (B ”H R I-\I‘ ou Mel R H\‘ Li*
R R SN H . T H
k Ph,p R HaCPh,P
Li* “eeh,

H3CPh2P—0
e
H R
H R

The mechanism may be supported by the fact that cycloocta-l,5-diene monoxide (75) gives low yield,
while (Zk) gives high yield. Obvicusly, carbon-carbon single bond of (12? rntatgh freely but the
carbon-carbon double bond of (12) is rigid. An angle strain is generated while forming betaine in-
termediate.

60% yield
>99.5% trans

as H

95% yield
>99,.5% trans
9] “\H

However, LDP is not useful for reduction of epoxides of alkene esters since it can attack the ester
carbonyl functional group. Moreover; LDP is sensitive to steric hindrance. If the epoxide is bulky,
the reaction proceeds very slowly and the yield is decreased. In addition, LDP 1s a strong base as
well as a good nucleophile. To this connection, it should be noted that compounds with base sen-
sitive groups should be protected. Thus, (zz) is protected as acetal before it is subjected to ox-

idation and deoxygenation with inversion.

H,C 1] CH.,0
HaC CH,OH 3~ 2 1. top MG M
—_— — >60% yield

/ \ 2. HC1
H,CH,C H { \
H3CH2C H an 372 H3CH2 CHZUH

Moreover, reaction of {78) with 3 equivalents of LDP, followed by excess methyl iodide, afforded
the inverted alkene ester in 40% yield. However, treatment of (78) with 1 equivalent {or 2 equi-
valentg) of LDP and followed by methyl ilodide resulted in 60% recoevery of the starting epoxide and

only trace amount of inverted alkene.
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H, 0 H e Hy '.-H ~ -
S 0 " oLt

Hite ¥ ) (cuz),cozcu

s (cuz)rc PPh,  HyL (CH,), - -PPh,
ben
LDP 2
LiOMe Mel
\ (CH,),C0,CH,
(CHZ)TC—PPhZC 3 =

An enolate (3/%) was generated by the strong basicity of LDP. The undersired C-methylation could be

Hirts Hy7Cs

avoided by carefully neutralizing the enolate with 1 equivalent of acetic acid prior te addition of
methyl iodide. With this modification, the reaction gave the inverted ketoalkene in 85% yieid.

' X Y
0 .
H~ A _  2LDP CH H
A Li"?__._... Mel _/‘ 2 GEH
thite (CH,)5-C-CHy W (G, ) CHEC—CH, 3
i H 267 "17°s
PPh, 17%8 H

a9 oLit
2N P(CH, ) CH,
He H . 1.MeCOOH / CoCH,
~ D7Li
A ¢ 2.Mel Hy7Cq
H..C (CHy) ;-G -CH

17%s 2)7 3
Pth _
XorY =0 or PlP'n2

Furthermore, a mdificationsa of this method involves hydrogen peroxide oxidation of the intermed-
late ('ee) so that the elimination by-product, a diphenylphosphinate salt, would become water—sol—
uble which facilitates product isolation.

H 0 0
Phat, 1% p H‘\ Ph
~ . N —— /-'— + Ph?.PO2
-
Ph H M Ph
2 Ph Ph,P=0  Ph
€]
55

4, Hexamethyldisilane and potassium methoxide

Reaction of cis and trans epoxides with hexamethyldisilane and potassium methoxide in anhydrous
hexamethylphosphoric triamide (HMPT) at 65°C under argon for 3 h afforded the corresponding
trans and cis olefins respectively (Table 21).
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Table 21

Epoxides

trans-3-hexene oxide
cis-3-hexene oxide
trans-4-octene oxide
cis-4-octene oxide

trans-2,5-dimethylhex-3-ene
oxide

cis-2,5-dimethylhex~3=-ene
oxide

trans-3-methylpent-2-ene
oxide

cig-3-methyipent-2-ene
oxide

KoMe
+ Me35151He3———————

Olefins

cis~3-hexene
trans-3-hexene
eis-4-octene
trans—4-octene

cig-2,5-dimethylhex-3-ene
trans-2,5-dimethylhex~3-ene
cig-3-methylpent-2-ene

trans=-3-methylpent-2-ene

"N
Y am

HETEROCYCLES, Yol 26, No. 5, 1987

+ HeSSiOSiHe:,’

R H
Yields (%) Stereospecificity ()

99 >99
86 >99
96 >99
93 >99
93 98
75 952
91 99
99 >89

The reaction might be initiated by the reaction of potassium methoxide and hexamethyldisilane to
form trimethylsilylpotassium (TMSK)(&%) and trimethylmethoxysilane. Backside attack of TMSK (g%) on
the cis (or trans) epoxide generates the three (or erythro) B-alkoxysilane reapectively. Hudrlik

and cowcrker356

have demonstrated that the base-induced elimination of R-hydroxysilane cccurs

stereospecifically in a cis manner. Thus, cis-elimination of the A~hydroxysilane provides the in-

verted clefin and potassium trimethylsilanolate (g%).

KOMe + He3Si5iNe3 ——— He3SlK + HeasiOHe

He3SiK +

8
H
H\\ 0 ’_H R \
—
R
He351

-K+
—_— ,......'-"/ "
R + ne3510|(

973

Potassium trimethylsilanolate (g%) from the deoxygenation step would further react with either

hexamethyldisilane or trimethylmethoxysilane to form hexamethyldisiloxane and trimethylsilylpota-

sgilum or potassium methoxide.

Me S5i0K + Me,5i5iMe —_—

3
7))

Me, 510K + Me.,SiOMe

3

3 3

—_—

3
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Although the entire role of HMPT is not yet known, it is belileved that HMPT would complex with

potagsium cations and would participate in several steps of this reaction. Furthermore, the rate of
elimination depends to some extent on the choice of metal cation, usually K >> Na >> Mg, which is

apparently due to the affinity of the cation and alkoxy aniom.

5. Dimethylphenylsilyl lith:{.u.msl‘r

Reetz and Plachky developed the same kind of Dervan and Shippey’s reagent.ss Also, they reported
their experimental results almost simultaneously. Reetz and Plachky found out that dimethylphenyl-
silyl lithium reduced epoxides to inverted olefins. The reaction can be performed in THF at room

temperature for 4 h and it might undergo the pathway as depicted in Scheme 19.

Scheme 19

- H —
H\\ ‘fH THF R I-\‘ gH R \\ I’ H
R [, —" W — R R H
+

Me,PhSi Me,Phsi 0 Me,Phsi0 Li*

cmp st
MezPhSI Li

Furthermore, they found out that dimethylphenylsilyl lithium could not be used to reduce epoxy-
ester, since the strong nucleophile, dimethylphenylsilyl lithium, could attack the ester carbonyl
group.

Their empirical data are summarized in Table 22,

Table 22

Epoxides Olefins Yields (%) Stercospecificity (%)
trans-stilbene oxide cig-stilbene 75 97
cis-stilbene oxide trans-stilbene 83 >99

l-pentene oxide l-pentene 60 -

l-octene oxide l-octene 64 -

6. Sodium gczclogentadien}gl!dicar‘bonglferrar.esa

Initially, Glering, Rosenblum and Tancrede developed the deoxygneation of epoxides to olefins with
retention of configuration by using sodium (cyclopentadienyl)dicarbonylferrate [CSHSFe(CO);Na-"]

-, +.58
[Fp Ha 17, The sequence of reactions could be performed without isolation of intermediates.

(Scheme 20)
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Scheme 20

H 0" + o fod
HS S\ - THF L 2t R 2
Fp~ + R ""'O_uc"'. .~ .
\H H

Fp R fFp, R

(83)
K H H H
acetone
¥ % R &

Treatment of epoxides at or below room temperature in THF solution of Fp—Na+ would result in the
conversion to the alkoxides (&). Subsequent addition of 2 equivalents of fluoroboric acid or
hexafluorophosphoric acid in gitu would convert the alkoxides (,‘8!%) instantanecusly and in high
yleld to the oclefin-iron complexes (’%). (Table 23)

Table 23

Epoxides Yields of Olefin-iron complexes (%)
ethylene oxide 90
propylene oxide 91
1-butene oxide 51
cig-2-butene oxide 64
trans-2-butene oxide 50
styrene oxide 62
trans-stilbene oxide 83
cis-atilbene oxide B2
cyclohexene oxide 66
butadiene oxide 91
acrolein oxide 30
trans-ethyl crotonate oxide 96
4-vinyl cyclohexene dioxide 50

The relative rates of reactiom of the anion Fp- with tferminal and internal epoxides reflects the
larger steric demand of this reagent. The reaction with terminal epoxides is essentially complete
at room temperature within several minutes, however, several hours are required for complete con-
sumption of ¢is or trans-stilbene, cyclohexene oxide and cis and trans-2-buteme oxide. Thus, we
can take advantage of these rate differences to selective conversion of 4-vinyl cyclohexene dioxide

(%‘é) to a mixture of sterecisomeric monoxide-iron complex.

0 Fp+
1. Fp~
0 —_— 0
2. H+

(85)
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Subsequently, Rosenblum, Saidi and Madhavarao improved this reaction to give inverted olefins

by simply decomposing by heating the intermediate alkoxides (5."5‘),

H 0 H R

Decomposition may be performed by the following methods:

Method A: refluxing (g%) in THF solution for 1 h.

Method B: removal of solvent from solution in vacuc and heating the solid residee briefly at
130-150°C for 15 min.

Method C: passing solution of (,\8,%) through a heated tube at 240°C for ca. 3 sec.

The results are depicted in Table 24.

Table 24
Epoxides Olefins Method Yields{%) Stereospecificity(%)
cis-stilbene oxide trans-stilbene A 96 99
trans-stilbene oxide cis-stilbene B 92 94
cig-2-butene oxide trang=2=butene B 86 99
trans-2-butene oxide cis=2-butene B 69 99
cis-2-pentene oxide trans-2-pentene B 61 99
trang-2—-pentene oxide cis—2-pentene B 63 99
Lrans, trans-2,4-hexadiene eis,trans-2,4-hexadiene B 62 94 (cis,trans}
monoxide e
6 {trans,
trans)
trans, trans-2,4-hexadiene cis,cis-2,4-hexadiene B 51 45 (cis,cis)
dioxide 48 (cis,trans)
7 {(trans,
trans)
trans-3-penten-2-one oxide cis-3-penten—2-pne B 54 85

The detailed mechanism of this decomposition reaction has not been established, but it might in-
volve cis—elimination, reminiscent of the thermal decomposition of betaines. Lt might proceed
either by direct attack of the oxygen anion at the metal center or through initial addition to a
carbonyl ligand. (Scheme 21)
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Scheme 21

R
Ry L
D — .
oc
0
H R
—_— . Nn_/
0 7\
oc 0 R H

7. Octacarbonyldicobalt59

Octacarbonyldicobalt 1s capable of reducing epoxides sterecspecifically to olefins with inverted
configuration. This reagent can be used successfully on ester-bearing epoxides , while the other
methods®>?27 meet with difficulties. Treatment of cis-dimethylepoxymethylsuccinate (86) with

Co (CO)B for 18 h at room temperature gave 35% yield of dimethylmesaconate (87) Under the same

conditions, trans-dimethylepoxymethylsuccinate (88) yielded 99% of dimethylcitroconate (89)

He02C Me (86) Heozc C02He B0
H M H 0,
e - & \J 2*
neozc cozne o MeOZC . Me 89

Tentatively, the mechanism of this reaction has been suggested to undergo through a cobalt heterc-
cycle intermediate (29) which leads to the product with inverted stereochemistry (Scheme 22}.

Scheme 22

0
H 0 (oc) (:o)ko
Me0,Cql\ 5 Med,C, £O,Me
— M0, 0 Mo
Me0 ¢ N~ C0,Me 2 2 7N
e 2 n Me H Me
(OC)SCO Me (2Q)

8. Lithium halides and trifluoroacetic anhydride60’61

Sonnet60 reported that reaction of epoxides with trifluoroacetic anhydride (TFAA) and sodium iodide
gave olefins with retention of configuration (Scheme 23).

The reaction might first go through anSN2 wmechanism. Subsequently, the elimination would be aided
by the participation of the iodine atom, so that an fodonium ion would form. Breaking down of the
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jodonium jon gives olefin with retention of configuration (Scheme 23).

Scheme 23
H H

. H\ OCOCFB R \\ I’
H H R -CF.,CO.,
~ L (CFC0),0 ! 3603 \W’R

> I+
R R Nal H
THF/HeCN I R

Tr.t.

Twa years later, Sonnet61 developed a reaction by heating vic-bromo—, or viec-chlorohydrin trifluoro-
acetates (2}’) with seodium iodide in DMF, from which olefins with inversfion of stereochemistry waould

be produced, because a SN2 displacement of bromide (or chloride) by iodide has occurred.

H 0COCF R 0COCF
Ha _H LiBr/LICL R\ 3 mar el 3 R H
- - ___+ . T — . \ f
{CF.C0} .0 ~H “~
R R 3 2 heat H
DMF X R 1 R

(91)

This reaction could proceed under the following methods:

Method A: TFAA/LiCl in DMF, room temperature, followed by Nal, 130°C, 24 h.
Method B: TFAA/LiBr in DMF, room temperature, followed by Nal, %0°C, 24 h,

The results of this transformation is summarized in Table 25. As a whole, yields are higher than
85%.

Table 25

Epoxides Olefins Methods Stereospecificity (%)
cis-4-octene oxide trans-4-octene A >99
trans—4~octene oxide cis-4-octene A >99
els-4-decene oxide trans-4-decene A 99
trans-5~decene oxide cis-5-decena A 95
cis~2-methyloctadec-7-ene oxide trans-2-methyloctadec~7-ene A - >99
trans-Z-methyloctadec—7-ene cis-Z-methyloctadec—7-ene - A 97
oxide

cis-4-octene Etrans-4-octene B >99
cis-2-methyloctadec~7-ene oxide trans-2-methyloctadec-7-ene B 94
trang-2-methyloctadec-7-ene eis-2-methyloctadec-7-ene B 99

oxlde
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