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ORIGINAL SYNTHESES OF EPOXIDES INVOLVING ORGANOSELENIUM
INTERMEDIATES.§
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Abstract - B-oxidoalkylselenonium salts and B-oxidoalkylselenones are valuable precursors of a large variety
of epoxides. These species were synthesized by reaction of a-selenonio or a-selenonylalkylpotassium with
carbonyl compounds or by reaction of a suitable base on B-hydroxyalkylselenonium salts or B-
hydroxyalkylselenones, themselves obiained from S-hydroxyselenides. The most powerful method, based on
the cyclization of B-hydroxyalkylselenonium salts is fully documented.

Organoselenium chemistry has provided over the last fifteen years valuable reagents able to perform chemo-,
regio- and stereoselective transformations under mild conditions 1, This proved inter alia the case of epoxides
bearing hydrogens or hydrocarbon side chains on the ring whose synthesis has been efficiently achieved ! by
oxidation of olefing with hydrogen peroxide 2 in the presence of catalytic amounts of seleninic acids or by
cyclization of B-oxidoalkylselencnium salts 1a6i43-6 or B-oxidoalkylselenones 7 (Scheme 1).
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The aim of this review is to gather and to discuss the results involving the two latter intermediates which have
been disclosed over the past fifteen years mainly from our laboratory.
The B-oxidoalkylselenonium salts and B-oxidoalkylselenones involved in this process (Scheme 1b) have been
prepared in straightforward manner (i) from a carbonyl compound and ¢-selenonio or «-selenonyl alky!
potassium (Scheme 2a) or (ii) on reactien of a suitable base on P-hydroxyatkylselenonium salts or -
hydroxyalkylselenones (Scheme 2b) which were synthesized from [B-hydroxyalkylselenides.

§ Dedicated to Professor D. H. R. Barton on the occasion of his seventieth birthday,
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A. Synthesis of epoxides from selencnio or selenonyl alkyl potassium,

‘When we started this work we expected selenonium ylides to be more nucleophilic than their sulfur analogues 8
due to the longer carbon heteroatom bond which would have increased the reactivity of the carbanion by
decreasing both its stabilization and its steric bulk. We hoped that these reagents would for example allow the
synthesis of epoxides from deoxybenzoin or 2,2,6,6,-tetramethylcyclohexanone which are not available 9,10
from methylenedimethylsulfurane due to the complete enolisation of the former derivative and to the high steric
hindrance around the carbonyl group of the second which preclude the desired reaction.

Thus arylsubstituted epoxides have been obtained 3 in almost quantitative yield by simple addition of potassium
tert-butoxide on a mixture of aromatic aldehydes and trimethylselenonium iodide, diphenylmethyl- or
diphenylethylselenonium tetrafluorpborates as well (Scheme 3).
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The required selenonium salts have been conveniently prepared 32 from dimethylselenide and methyl iodide
(neat, 90% yield) or from diphenylselenide and the corresponding alkyl iodide and silver tetrafluoraborate
(CHClg, 20°C ; Me, Et, iPr : 60, 50, 36% yield). The reaction occurs chemoselectively with cinnamaldehyde
and chalcone and exclusively leads 32 to the ¢, f-unsaturated epoxide (Scheme 3 entries g.h). It is unfortunately
strictly limited at present 2 to non enolisable carbony! compounds since under similar or closely related
conditions enolisable-carbonyl compounds do not form significant amounts of the corresponding oxiranes32. In
the case of acetophenone and trimethylselenonium iodide, for example, polymethylation of the carbonyl
compound occurs 32 (Scheme 4). This result can be rationalized accounting that an enolate, which is then
alkylated by the selenonium salt, is intermediarily produced.

Scheme 4,
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In order to overcome this problem, we decided to perform 32 the reaction in two distinct steps and to react
acetophenone on a preformed solution of methylenediphenylselenurane. We found that n-butyllithium is not a
suitable base for the metalation of methylselenoniumdiphenylsulfonium fluoroborate since an exchange of
ligands producing phenyllithium and leading finally to 1,1- diphenylethanol instead takes place 1, already at -
78°C.

This type of reaction occurs with related sulfonium salts but to a minor extent 8 and at much higher temperature
(0°C, 0.5h) than with alkyl aryl selenonium salts 112, Finally, the metalation was successfully achieved with
dichloromethyllithiom (DA, CH2Clp, DME, -78°C) and oxiranes have been obtained although in modest yield
even on further addition of non-enolisable or enolisable carbonyl compounds (Scheme 5).

Scheme 5.
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Thus, although selenium ylides behave as their sulfur analogues, they are not, at present, as versatile and as
easily available.

o-Metalloalkylphenylselenones readily available from the cotresponding selenones and potassium alkoxides or
potassinm amides are also able to transform aldehydes and ketones to epoxides 7. The reaction is best achieved
by adding 1.5 equiv. of tert-BuOK on a 1.5/1 mixture of the selenone and the carbonyl compound and
proceeds even with enolisable derivatives. It can be achieved with primary alkylphenylselenones 7 and
cyclopropylphenylselenone 1175 which are both readily available by oxidation of the corresponding selenide
with peracids ™12, potassium permanganate 70.122 or hydrogen peroxide in the presence of seleninic acids 12b
{Scheme 6). The latter reaction is not general. It cannot yet be performed 12 on sec-alkylphenylselenides or on
teraalkyl substituted P cyclopropane derivatives since in the former case, selenoxide elimination leading to a
mixture of olefins instead takes place whereas, in the second one, the selenoxide intermediary produced can not
be further oxidized !1 and has been isolated in good yield even when 2n excess of reagent is used.

Scheme 6.
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Only few epoxides have been prepared from primary alkylselencnes 78 (Scheme 7) but the reaction proved
particularly suitable for the synthesis of oxaspiropentanes from ketones (Scheme 8 entries a-d). It is a good
substitute to related reactions which use cyclopropylidenediphenylsulfurane 13 or 1-bromo-1-lithio-
cyclopropane 14 since the by-product (potassium phenylseleninate) is water soluble and more easily separated
from the oxaspiropentane than the diphenylsulfide produced in the former case and because the parent
compounds are not readily available in the second one due to the difficult synthesis of 1,1-

dibromocyclopropane, the required starting material.
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Aldehydes also react under the above mentioned conditions with 1-metallo-1-phenylselenonylcyclopropanes but
now oxaspiropentanes and cyclopropylketones are concomitantly produced (Scheme & e-g). This behaviour is
different from the one of bromo derivatives which exclusively lead 14 to the cyclopropylketones and of sulfur
ylides which exclusively produce 13 oxaspiropentanes.

B. Synthesis of gpoxides from B-hydroxyalkylselenides.
Otherwise, epoxides have been produced on reaction of B-hydroxyalkylselenonium salts and B-
hydroxyalkylselenones (readily prepared from [ hydmxyalkylselcmdes by alkylation 4-6 or by oxidation 12)

with bases (Scheme 2b).
B-Hydroxyalkylselenides are available as shown in the Scheme 9 from (i} olefins and electrophilic selenium

reagents 13-k.44,5b (jj) o-selenocarbonyl compounds and organometallics 52 and (iif) from o-
selenoalkyllithiums and carbonyl compounds 417-1? (Scheme 9).

— 1206 —




HETEROCYCLES, Vol 28, No 2, 1989

Since B-hydroxyselenides can be regio- and stercoselectively transformed to epoxides (see below), it is
important to have regio- and stereoselective synthesis of these derivatives. It must be however taken into
account that interconverting the position of the hydroxyl and the selenyl moieties does not affect the
regiochemistry of the resulting epoxides.

Scheme 9,
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L. Synthesis of B-hydroxyalkylselenides.

a. From olefins,

B-Hydroxyalkylselenides have been stereoselectively prepared (Scheme 10) by hydrolysis of B-
halogenoallylselenides® (HQ, CFaCHOH or HyO, DMF or HiO, S5i03, 20°C) or of P-acetoxy- 1a-k.15ab op
B-trifluoroacetoxy- 12-k.15¢ alkylselenides (ag. KOH). These compounds have, in fact, been prepared from
olefins and selenenyl halides in chlorinated solvents 1a-k.5b_in acetic acid 1a-k.158,b or in the presence of silver
trifluoroacetate 18-k.15¢ respectively, B-Hydroxyalkylselenides can be synthesized even more rapidly by
additon 4416 of selenenic acids to olefins (Scheme 10). These unstable reagents which must be prepared in sitn
by dismutation of a mixture of diselenides and seleninic acids 2d:16a or by reduction of the latter with
hypophosphorous acid 48369 or hydrazine 164, renct in a completely different manner than analogous sulfenic
acids which instead lead o sulfoxides 8b, Selected examples are gathered in the Scheme 10. All these reactions
provide B-hydroxyalkylselenides resulting from the formal anti addition of the hydroxyl and selenyt moieties
across the C,C double bond of the olefin, the selenenyl unit exhibiting a high tendency to be attached to the
least substituted of the two carbon atoms (Scheme 10).

Further activation of the selenyl moiety provides (Scheme 11) epoxides whose stereochemistry is the same as
the one obtained directly from the same olefins and peracids or via a two steps sequence which involves the
addition of the hypohalous acid and treatment of the resulting halohydrin with a base 203<. The latter synthesis
and the one involving electrophilic selenium species should lead to the epoxidation of the most hindered face of
the olefinic compound. There is however a striking difference between these two different syntheses since it is
well established that hypohalous acids and related reagents react 200 on the more alkyl substituted C,C double
bonds whereas it has been describedS? that the selenenyl halides react on the least substituted ones and
therefore one could expect (although it has not yet been achieved) a different chemoselectivity in the epoxide
synthesis from the same polyolefinic compounds.
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-10°C 1o +10°C, 2h (ii} NaHCO3, MeOH, 20°C, 3h 87 (mixture) 15¢
0t H H H Ph (i) 1 equiv. PhSeBr, CHaCly, 20°C, 1h
(ii) F20, CR3CH0K, 20°C, 2h 7499 /1) 5
or (i) H20, DMF, 20°C, 72h 68 (91/8) 5b
or i1} 8i0p (Merck 7747) CHaClp, 20°C, 18h T2(-) 5b
1.5 equiv. PhSeOoH, 2.5 equiv. aq. HsPOg, THF, 20°C, 1.5h 91 (68 /32) b
Ot H H H Me (1) MeSeBr, CHyClp, 20°C, 1h (i) H20, DMF, 20°C, 74h 63 (69 /31) b
1.5 equiv. MeSeOqH, 2.5 equiv. H3POy, THF, 20°C, 2.5h T9 (56 / 44) 4l
Ph H H H Ph 1.5 equiv. MeSe(OaH, 2.5 equiv, H3PO,, THF, 20°C, Zh 92 (100 /0) 4
Ph H H H Me 1.5equiv. MeSeQOoH, 2.5 equiv, H3PO2, THF, 20°C, 2h 88 (100 /0) 4
Pent H H Me Me 1.5 equiv. MeSeOqH, 2.5 equiv. HaPO», THF, 20°C, 3.5h 78 (35/65) L |
Pent H Me H Me 1.5equiv. MeSeOaH, 2.5 equiv. H3POy, THF, 20°C, 3h 76 (30 / 70) 4
nPr H H n-Pr Ph 1 equiv, (PhSe)z, 1 equiv. PhSeO9H, 20°C 84(-) i
Me Me n-Bu H H 1 equiv. (PhSe);, 1 equiv. PhSeQ2H, 20°C --(85/15) P |
1 equiv. (PhSe)y, 1 equiv, PhSeOoH, MgS80y4, 20°C --(100/0) ad
Me Me 3MePemt H Ph LS5 equiv. MeSeOgH, 2.5 equiv H3POg, THF, 20°C, 1h 86 {100 / 0) 4
Me Me 3-MePent H Me 1.5eqmv. MeSeOzH, 2.5 equiv H3PO32, THF, 20°C, 1.5h 80 (100/0) 4
Scheme 11,
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* the regioisomer is also formed.
b. From ¢-selenocarhonyl compounds,
1b-1,52,21

B-Hydroxyalkylselenides have been also conveniently prepared from o-selenocarbonyl compounds
and hydrides or organometallics. The reaction is best achieved 18558 with lithium aluminum hydride in ether or
with Grignard reagents in ether or THF (Scheme 12). The latter react efficiently 5awith o-selenoaldehydes but
lead to very poor yields of the desired compounds from «-selenoketones (Scheme 12 entry f). These reagents
have to be preferred to sodium borohydride in ethanol and alkyllithiums which effect at various level the
deselenylation of the starting material. 12,52
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heme 14

cli El 2 equiv. LDA iR Ry-C-R ghp Nal, NaHSO R fe
prsh_by —civDa o M 1, ReCR — ehindohiiusiet I _
°—| THE, -78°C I —_— PhSﬁ—? ?—-OH HOAs 0°C PhSe—C—C—0H
Ry R, Ry Ry 2
R Rz R3 R4

a H H CH-(CHy-CHa 75% overall
b H (CHz}:Ph Me M 88% overall
c Me Me CHz-(CHy)g-CHp 82% overall
d H H CHy-CHy-C(Me)Ph 0%
e H CHMe; CH3-CHj-cyclohex-2-enyl N%
f Me Me CH-CHy-C(Me)Ph 9%

In fact, the far more versatile route to B-hydroxyalkylselenides still remains the direct reaction of o-
selenoalkyllithiums with carbonyl compounds. It takes advantage of (i) the great availability 16.4.£j14,17.18 of
these species from the corresponding selenoacetals and alkyllithiums and (ii) their exceptional
nucleophilicity 1£..L4b.£.60 towards carbonyl compounds which proved better than the one of -
selenoxyalkyllithiums 24¢.9, It offers the possibility to synthesize a large variety of B-hydroxyalkylselenides
including methylseleno derivatives which are not available by the selenoxy route but which proved particularly
good precursors of selenonium salts and in consequence of epoxides.

On the synthesis of o-selenoalkyllithiums, The key step of the above process is without contest the synthesis
of o-selencalkyllithiums which has been efficiently achieved by cleavage of one of the C-Se bond of phenyl-
and methylselenoacetals 27, by butyllithiums 1¢.d4.03.1.4,17.18 Under standard conditions the reactions are
performed at -78°C (the temperature at which the a-selenoalkyllithiums are stable for more than Sh) with n-
butyllithium in THF-hexane (method D) or sec-butyllithium in ether-hexane * (method E). They usually allow,
in less than 2h, the quantitative synthesis of a large variety of o-phenylseleno- and ¢t-methylselenoalkyllithiums
whose carbanionic center is unsubstituted, monoalkyl- or even dialkyl-substituted (Scheme 15). Cycloalkyl-
and arylsubstituted derivatives are available as well. As a general end, all the factors which allow the
stabilization of the carbanionic center will favor the reaction. Thus, phenylselenoacetals react more rapidely than .
their methylseleno analogues and selenoalkyllitiumns whose carbanionic center is part of a three membered cycle
or aryl substituted derivatives are more readily obtained 186 than the dialkyl substituted ones.

The presence of bulky groups around the reactive site has no marked effect on the reactivity of selenoacetals
derived from aldehydes but dramatically lowers the reaction rate of those derived from ketones (ie.
adamantanone, diisopropyl and di-n-hexylketonej especially if the reaction is carried out with n-butyllithium in
THF, In these cases, the use of sec-butyllithium instead of n-butyllithium greatly enhances 186 it (Scheme 15).
The required selenoacetals have been obtained, with the exception of the parent compounds 4b:!7b and the
selenoacetals derived from cyclopropanones,]Li8¢ by selenocacetalization 27 of aldehydes and ketones with
phenyl- and methylselenol in the presence of a Lewis acid [ZnClz, CCly, (method A) or TiCly, CH2Cly
(method B) or with tri-selenoborane (method C)]. The reaction is usually carried out at 20°C with zine chloride
(0.5 equiv. versus the carbonyl compound) and delivers rapidly (< 3h) and in quite good yield phenyl- and
methylselenoacetals derived from aliphatic aldehydes and ketones and cyclic ketones as well (Scheme 13). Itis
clearly more difficult to achieve 27 with hindered ketones such as adamantanone and diisopropylketone and this
is particularly the case in the phenylseleno series.

* The metalation of selenides is restricted to methy] phenyl selenide 1780 and 1o those selenides which bear a group able 1o
stabilize the carbanionic center on the resulting organometallic such as a phenyl, 25 vinyl or alkynyl 26 moiety.
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Scheme 15.
RSeH, ZnCly, 20°C, (A") -BuLi, THF, -78°C, (.9h, (D) SeR
R1> o RSETL TiCl SO°C. Ea) Rig SR [ty oo 757G, 0o i) R1 SeR om0 Rl.: I Ph
Ry B(SeRh, 20°C, (O} Rz><S¢R s-Bula, THF, -78°C, 0.5h, (F) (i I-l,o‘ Ry ) -
RSeCH,Li RSeCH (Me)LI RSeCH(n-Hex)L1 RSeCH(t-Bu)Li
Me 80(5), 80(D); BAE) Me 91(A); 80(D) Me T2(A) 82 Me 90(A); 82
0(§); 82(D) Ph 90 {A}; 70(D} l’hc 79&3 gg((g). 74((11-5:)) Pheﬁg((Ar? ﬂg ’
RSeC(Me; L1 RSeC(Me)(n-Hex)L1L RSeC(Me)(t-Bu)Li RSeC{n-Hex)ld
Me 9(A); 75(D); 80(E) Me 77HA); 9D, 2h) Me B1(A); 32(D); 7%(D, 2h) Me 86(Ax: 17(D)
Ph 85(A); 94(D}; 83(E) Ph 80(A}; 78(D) Ph 32(AY; 59D 93(D, 4h), 9(F)
Ph 16(A); 47(D)
R SeR
SeR SeR
< o A (X
L Li
Me 91(D); 68(E) Me 89(A); 87(D) Me 87(A); 82(D) Me 91(A); 87(D, 2h)
Ph 80(D) Ph 84(A), 90D} PhBI(AY KDY Ph81¢A) 83(D)
SeR
ScR
Li
RSeC(1-Pr),Li Li
Me 16(A); 63(B); 77(D, 2h) Me 84(A); 25(D); 78(E); 87(F) Me 88(A); O(D); 81
Ph O(A), &(B) Ph 66;((:\)); ssg), 4h); 79(E) th‘I((A.)) OO 81

The following informations are given : nature of the substituent, yield in the selencacetal recursor of the a-selenoalkyllithium, yield
in the b-hydroxylkylselenide reulting from the further reactron with benzaldehyde. If not otherwise stated, the reactions are
performed under the A and D methods inless than 3h and ,2h respectively,

(8) The acetals were obtained by reaction of the corresponding selenolate on diiodomethane.

On the reactivity of @-selenoalkyllithiums, «-Phenylseleno- and o-methylselenoalkyllithiums proved
particularly nucleophilic species which react already at -78°C with a large variety of aldehydes and ketones!b-

k4.6,11,17,18 10 deliver the corresponding B-hydroxyalkylselenides in good to excellent yields. The reaction is
usually carried out in THF or ether and generally at a temperature lower than -60°C since the decomposition of
these organometallics often occurs around -50°C(Schemes 16,17,18,19,20). Both phenyl- and methylseleno
derivatives behave usually almost similarly except with particularly hindered 4b25m or enolisable 4b carbonyl
compounds (Schemes 17,18) for which methylseleno derivatives proved far more nucleophilic in THF.
Interestingly, the use of ether in place of THF tends to slightly increase 48.LM the nucleophilicity of
methylseleno compounds but dramatically increase 4815 the one of their phenylseleno analogues (Scheme
17y .

* sec-Butyllithiom has been replaced in some cases by tert-butyllithinm onder the conditions {method G) without special
advantages.
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Scheme 16,

ISeR SeR
H-w—-—F—Pent Ri—C—Ry
|cH2 H-—(IZ—Hex
OH OH
1ib By Rz
56 (e, D) 78 (B, D) B  n-Hex 75 (Ph, D)%
B n-Hex 82 (Me, D)%
H Et 50 {(ph, D)%
Me Et 82 e, )™
-(CB) s~ 76 M, DYP
H t-Bu 79 (e, ;}¥
Me t-Bu 57 (M, D or B}
SeR SeR
Rl—(lj'—Rz R;—C—R,
Me-—‘I:—Rs OH
OH
Ry R Ry
H tBu Hex 75 {Ph, D)%
E tBu Hex 44 (s, )4 Ry Ra 5
Me tBu Hex 9 (M, E)"L A Ma 394 (Me, D)
(CHz)3 Non 78 (e, D}, :e ::‘ 653 (te, D)
{CHy);  Nen 54 (Me, D) (He, D)
{CH,),  Nom 70 (Ma, @)% (CHp)s 70 (PR, E)
Me Me Hex 79 (ph, Elz Me Ma 78 (PR, D)
Me Me Hex 73 (Me, E)
Me Me Non 63 (Me, D)™
Scheme 17,
SePh
R,—C—R, R—C—R;
OHMe OHMc
Me Me Me Me
R Ry Ry Ry
XK 83 (D; BT ® @ H 22 (08 ()19t
2 Me 83 (0): 85 @) H Me 5 (D); 63 (E)*%!
Me Me 77 (D}; 85 (E} Me U 0 oy 80 (mr 19T
SeMe SeR
R —
! B Me——Me
' | | —OH
OH |
t—Tol-p
Ry
o am@m™ Me

Me 76 (G, -45°C}™

Method D : n-BuLi, THF-hexane, -78°C.  Method E ; s-BuLi, ether-hexane, -78°C.
Method F : s-BuL1, THF-hexane, -78°C.  Method G : t-BuLi, ether-hexane, -78°C.

0 (Me, D); 66 (Me, E}P
o0 (Ph, D); 49 (Ph,E)
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0, Fora™®

SeMe
Me
Me OH
Me: Me
Me' Me
Me Me

231 (5) 28a




HETEROCYCLES, Vol 28, No. 2, 1989

Scheme 18.
[a: axal alcohol, b ; equatorial alcohot) OH
Ri Re vield {a/ W o N
Me OH s B H 92 [18/82] (e, D)) R, 2
R, H H 85 [31/69) (Me, )19 ot
H Me B85 [95/05] (Me, D or G}'% R i
Mo B2 Mo Me 48 [33/671 (me, DyiSt B8 g5 el l2LE
e Me Me 85 (95/05]1 fMe, o) 99? H E 75 §59/31]] :g; iy
Ma Me 00 (Ph, D)1 ax,1
Mo Ma 84 [(o5705) ipn, G il 3 Me 70 (90/10] (D) ]
. E Ma 79 [90/10] (g) %%
Me Me 75 [100/00] (D or G) !
Scheme 19.
" o ’
SeR 2 B 82 {pn, D)": - CH, Me
1 H He 69 (Ph, D} 88 (Me, D)
Ry R B n-Rex 75 Me D) 80 (Me, G) & H or
Po—r—CHPh Me Mo 88 (Me, D)
(CHz) 56 {Me, D)2 70 (Me, g%
OH {CHz)a 68 (Me, D} n
44 " 45 (D}
Scheme 20,
Ry Ry
SR RR oo, 2y ™ ner e mE .
l — - E ¥
R—C~R, B Me 66 (n, D)\ R T R =
_ B n-Hex 68 (Ph, D) R;CH=CH—C—R, b
PhCH=CH—CH 3 Mea Me 45 (D}
i Ma Me &5 e, D)3 I S
OH Me Me 78 (Ph, D)™ OH
R R
n R
R 1 H n-Hex & (Me, D)Z Me Me
R 1 Me Me S5 (Me, D)
! % 1 Me Me g3 (Ph, E}L% H o 4 oy, 45 @ 1%
OH 2 Me Me 51 (e, E)'%
2 Me Me 51 (Ph, E))PC
7 Me Me 54 (Me, E)
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It is particularly efficient with hindered ketones such as 2,2, 6-trimethylcyclohexanone (Scheme 18), 2,2,6,6,-
tetramethylcyclohexanone 48 (Scheme 17), di-tert-butyl ketone 449 and even permethylcyclopentanone 282
(Scheme 17) which all react with varicusly substituted c-selencalkyliithiums including 2-methylseleno-2-
propyllithiums. The reaction does not, however, take place with 2,2,6,6-tetraphenylcyclohexanone 28b
{Scheme 17), and is less efficient with highly enolisable ketones and although it proceeds efficiently for
deoxybenzoin 1£i4b, the yields of B-hydroxyselenides derived from cyclopentanone or B-tetralone are modest
4n (Scheme 19).

Otherwise, the reaction seems to be more sensitive to steric hindrance around the carbanionic center of the -
selenoalkyllithinms than to the one around the carbonyl group of the ketone.

c-Selenoalkyllithiums even those bearing two alkyl substituents on the carbanionic center possess a high
propensity to add 4¢.¢ on the carbonyl group of enals and enones rather than on their carbon-carbon double
bond and produce the corresponding B-hydroxy-y-alkenylselenides in fair yields (Scheme 20). This aptitude to
react at the Cy site of enones is not observed with all «-hetero-substituted organometaliil::s 189,
Unfortunately, the reactions involving aliphatic and aromatic aldehydes and straight chain ketones are not
stereoselective whatever the solvent used (ether or THF), Even in those most favorable cases, such as that of 1-
methylseleno-2,2-dimethylpropyllithium and heptanal in which well differentiated bulky groups are involved,
the stereoisomeric ratio ranges from 1/1 o 3/2. Interestingly, however, diastereoisomeric mixtures of B-
hydroxyalkylselenides can be often quantitatively separated 4h.Lm by chromatography on silica gel (see below).
a-Selenoalkyllithiums react stereoselectively with rigid cyclohexanones such as 4-tert-butyleyclohexanone 4k
and 2,2,6-trimethylcyclohexanone 4€ and often lead to products resulting from an equatorial artack (Scheme
19). They also react on the less hindered face of protected pregnenclone and related steroidal ketones to
produce 4 20R derivatives in good yield (Scheme 21),

Scheme 21.

THPO
[} McSeCHiLi. ether-hexane, (i) MeSO3F, 0°C 10 20°C, 1h, (iii) 10% aq. KOH, ether, 20°C, 16h.

2. Synthesis of epoxides from P-hydroxyalkylselenides.

Except rare cases, which are not the subject of this review, the reaction of p-hydroxyalkylselenides with bases
(KOH, 1-BuOK / DMSQ) does not afford the corresponding epoxides Clearly, the selenyl moiety has to be
transformed to a better leaving group (Scheme 2b). Such activation has been usually achieved by selective
alkylation or oxidation of the selenyl moiety to produce respectively -hydroxyalkylselenonium salts and B-
hydroxyalkylselenones. These species have then been cyclized to epoxides by subsequent reaction with bases.
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A more direct procedure in which the activation step is directly performed in a basic medium was also found, Tt
involves the treatment of B-hydroxyalkylselenides by thallous ethoxide in chloroform,

a. Synthesis of epoxides vig B-hydroxyalkviselenonium salts,

This sequence proved particularly efficient when applied to the methylseleno derivatives. Thess compounds are

more reactive 4208 towards

methylating agents than their phenylseleno analogues and allow the synthesis of a

large variety of B-hydroxyalkyldimethylselenonium salts, precursor of epoxides (Schemes 22, 23, 24, 25).

R, R
Rl: « _Ph Rl: + _Hemt z
O
RS o Ry 0
v R -
B B 9772 (Ph, BxL)
(CRp)s  67x93 (Me, L) ® 5 o _—
B Me  88x97 (Me, IXL) Me Et 90x66 (Me, IxL)T 1 w
L -] * -
Ma Me  92x80 (Me, IxL) H  noHept 100x88 (Mo, Jen™ B D-Hex &3 iMe, K}
Ry, , R, o g
o 2 R
Dec (3
Ry R,
B1 Rz Fa Rz £ o
E1 Rz R
R Me  04x93 (e, mxiy® B Ma 8 e, il e B B & Mo, I
B oo-Bax 0072 (e, bt B QoReme e, Bl o T en € (n b
Ke Et 100586 (Me, IxL)® '
Ry Me
X, " . M Mo
- o *
Ry CHFPh Me Me Y
Me! Me Me M
Ry Ry
H H  93x46 (Ph, HxL) ® o (Me, HxN) T
5 Me 73x51 {ph, IxL)*® Ry
B HMa 7398 (W9, Jxldy Me 98 (Me, ki) ¥
Me Me 88x90 (Me, Ixl} n-Hax 92 (Me, Ron™®
h 24
o L]
o} 2Rz Me
" vl °
5, \
Hex! Me Me M Me
Me R R -
H Me 65 (Me, L) 65 (Me, Tx) B
99 (Ma, I} ¥ Me Me 91 (Me, KxM)
O *
‘R o
e
W R e
Me Me
Ry R
g " B (Me,KxN) 96 (Me, Jut)? 95 (e, Kxi) ¥
B Mo 99 (Me, KxN) BO (Me, JxM)™
Ha  Me 94 Ms, K] 00 (4s, Jx) %
CDy C€Ds B2 {Me, KxN)

* refers to the place where the seleno moiety was attached on the B-hydroxyalkylselenide.
Method H : AgBF4, Mel, CHzCl2, 20°C. Method I : Mel, neat or CH2Clg, 20°C. Method J : MeSO4, neat or CHaCl3, 20°C.
Method K : CF3503Me, ether, -78°C or -20°C to 20°C., Method L : t-BuOK, DMSO, 20°C. Method M : KCH (50% aq.),

CH32Clz, 20°C. Method N : KOH (10% aq.), ether, 20°C.
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In the methylseleno series, the alkylation is uswally performed at 20°C with methyl iodide 4b:8 (method I or
dimethyl sulfate 4b:€ {method J) preferentially neat or in methylenedichloride and is dramatically slowered down
if ingtead carried out in diethyl ether 4b%, It is interesting to notice*L® that B-hydroxyalkylmethylselenides are
more casily alkylated than the corresponding alkyl methyl selenides.

Differently substituted B-hydroxyalkyldimethylselenonium salts including those fully alkyl-substituted on the
carbon bearing the hydroxyl and the seleno moieties have been produced 1b£4c.e83.Lm almost quantitatively
and usually in less than 5hrs (schemes 22, 23, 24, 25).

Scheme 25,
B R R R R
N Me H 90x94 (Me,Ixiy™ R, R me ®h B H 75 (Me, Iul)
* Hex H 96 {Me, JxL}t * Ph Me Me 8 (Mo, IxL)?
Ry = Me Me 80 {Me, Ix'N)qe Ry e Ma H Hex 40 (M=, IXN)qe
Me Et 86 (Mo, IxN) R Me Me Me 50 (Me, IxN)
R,
Ris 2 o™ Me ,
o Me Me o
Me
Me
R Rz -
H Hex 77 (Me,IxL) % (e, 1) 98 (e, kL)

Me Me 95 (Me, JxL)®
Particularly hindered B-hydroxyalkylselenides derived from 2,2,6-trimethyl- or 2,2,6,6-
tetramethylcyclohexanone which do not react 48 properly under the above mentioned conditions are efficiently
methylated 48 with magic methyl (methy! fluorosulfonate, method K) (Scheme 23). The reacticn is so fast that
it can be conducted in ether even at very low temperature (-78°C or -20°C then heating to 20°C) and provides 48
the corresponding B-hydroxyalkylselenonium fluoroborates in almost quantitative yield. It also allows 40 the
almost quantitative synthesis of the selenonium salt derived from the B-hydroxyalkylselenide shown in the
Scheme 26 which leads instead to heptylidenecyclohexane when reacted 4t with methyl iodide (method D).

Scheme 26,
+
MeSO,F, ether SeMe, ) Hex
,F80y | —
/ Hex 0
OH
SeMe 83% (X.N)
Hex
76% (D
® Hex
N elre Q=/

90% (1)
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However, B-hydroxyalkylselenides derived from cyclobutanones, especially the ot-ary! substituted ones, and
a-selenoalkyllithiums whose carbanionic center is fully atkyl-substituted, are prone to rearrange and directly
lead to cyclopentanones rather than to the selenonium salts 62185 whatever the conditions used (Scheme 27a).,
This reaction has been successfully used for an original synthesis of cuparenone .
B-Hydroxyalkylselenonium salts are usually stable compounds which do not decompose rapidly even when
heated 198, Those derived from 2,2,6-trimethyl- and 2,2,6,6-tetramethylcyclohexanone and 2-methylseleno-2-
propyllithium are unstable and rearrange %E on heating around 60°C or by simple dissolution in
dimethylsulfoxide or in methylenedichioride and lead to a mixture of the ring enlarged cycloheptanones and
allylic alcohols (Scheme 28 entries a,c,f). They are however stable at 20°C in ether and have been further
successfully transformed to the comesponding epoxides (Scheme 28 entries d,g). This rearrangement is strickly
limited to those hindered derivatives whose carbon bearing the selenyl moiety is fully substituted and does not
for example take place with related monoalkyl-substituted derivatives 193,

Alkylation of B-hydroxyalkylphenylselenides is much more difficult and, for exarnple, those possessing a
phenylseleno moiety can be alkylated with dimethyl sulfate 42 (method J) but at around 80°C. The methylation
is best achieved at room temperature in methylene dichloride with triethyloxonium tetrafluoroborate 10 or with
silver tetrafluoroborate 4&h {method H). It delivers 42.h the B-hydroxyalkylselenonium tetraflucroborate in very
good yield whether the carbon bearing the seleno moiety is unsubstituted or monoalkyl substituted (schemes
22, 23).

The reaction proceeds differently with diatkyl-substituted compounds which instead lead to ketones resulting
from the migraton of one of the groups from the carbon bearing the hydrogen to the carbon where the
phenylseleno moiety was attached 42 (Scheme 27b), It is unclear at present if the alkylation effectively took
place or if rather silver tetrafluoroborate has directly reacted on the B-hydroxyalkylphenyliselenide. It was, in
fact, found 192 (later on) that this rearrangement occurs even if methyl iodide is excluded and is rather general
since it also proceeds with similarly substituted methylseleno analogues. The different results described above
clearly show that methylseleno derivatives are by far superior to phenylseleno ones for the synthesis of
epoxides since in the former series the alkylation reaction is not only easier but also more general..

heme 27.
O
OH SeMe M
Me MeSO,F, ether
a) Me
Me
Ar Me Af Me
=p-Me-P]
66% (E) Ar =p-Me-Ph 82% (K)
OH Me
I MCI, AgBF4 N CH2 Ctz, 20°C il |
b) Me—--F—F—-ScPh M:-—C—IC—Ph
Ph Me Me
67% () 88% (H)

The last step requires the reaction of the above mentioned salts with 2 base, The reaction has been achieved
under various basic conditions such as (i) potassium tert-butoxide in dimethylsulfoxide 4a-¢,2 (method L), (ii)
50% aqueous potassium hydroxide and methylenedichloride 4., the selenonium salt playing the role of phase
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transfer catalyst (method M) or under similar conditions but in the presence of a tetraalkylammonium salt
* (method M) or (jii) with 10% aqueous potassium hydroxide and ether 4¢.g.0-0,18d (method N). Generally, all
these conditions allow the synthesis of differently substituted epoxides 4.18d such as terminal-, or,0-, ot,B-
di-, tri- and tetra-substituted epoxides including oxaspiro-hexanes, -heptanes and -octanes (Schemes 22, 23,
24) as well as vinyl oxiranes (Scheme 25). Method N (10% aq. KOH, ether) proved however in most of the
cases the more suitable owing to its generality and its simplicity. For example, it allows the almost quantitative
synthesis of the particularly hindered epoxide derived from 2,2,6,6-tetramethylcyclohexanone and 2-
methylseleno-2-propyllithium, whereas the corresponding selenonium salt instead produces an allyl alcohol
when reacted with potassium tert-butoxide in dimethy] sulfoxide (method L, scheme 28 entry b) or to the ring
enlarged ketone on heating 1% the magnesium alkoxide in methylene dichloride (Scheme 28 entry e).
Scheme 28,

-
MeSe FS0y Ml=--s¢1\.t[e o
HO HO o0 HO
(i) MeSOSF, ether
Secom ™ * R * R R
R @ ovcwrcs K

a R=Me DMSQ, 20°C, 0.9h Y% . 20 20 -
b 1 equiv, t-BuOK, DMSO, 20°C 90% - - 100 -
c CH3Cla, 20°C, 0.3h 44% - 66 - M
d 10% aq. KOR, ether, 0°C, 1h 94% 100 - -
e (i) MeMgBr, Et20, -78°C,

{ii) CHyCly, 20°C 95% . 100 . -
f R=H CH2Cl3, 20°C, 0.3h 95% - 100 - -
g 10% aq. KOH, ether, 0°C, 1h 95% 100 - - -

Method N proved 4L much better than method L, M or aqueous potassium carbonate in ether for the
synthesis of 1,2-oxidododecene from dimethylselenonium-2-(1-hydroxy)}dodecylmethylfluorosulfonate and
minimize the amount of 2-methylseleno-1-dodecene concomitantly formed (Scheme 29). However for this
specific case best results have been obtained 44M when the reaction were carried out in pentane (Scheme 29

entry d).

Scheme 29,
SeMe Dec
| (i) MeSO5F, ether MeSe
Dec—CH—CH,—OH e helow N7 * D=
2. 50% ag. KOH / CH2Cl3 (M) 5% 45%
b aq. KpCO3 / ether 65% 30%
c 10% aq, KOH / ether 85% 15%
d 10% aq. KXOH { pentane 8% 3%

Unfortunately, we have been unable 18h to synthesize the particularly strained oxaspiropentanes from the
1-dimethylselenoniumcyclopropylcarbinels. Products resulting from a methyl transfer from the selenium to the
oxygen, cyclopropenecarbinols resulting from an elimination rather than a substitution reaction as weil as
several unidentified compounds are instead produced 18h,

The stereochemistry of this process has been investigated 134d.b.n5ab, Diasterecisomerically pure B-
hydroxyalkylselenides (i) synthesized directly by ring opening of stereoisomerically pure epoxides with
selenolates (Scheme 30) 12,182,629 or by addition of the selenenyl and hydroxy! moiety on olefing 44:5b,16b
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{Scheme 11) or (ji) resulting from the separation of diasterecisomeric mixtures of B-hydroxyalkylselenides 4n
(Schemes 24, 31) produce completely stereospecifically the corresponding epoxides.

OH
NaH / THF o
.,
% ?e]’h
Ex

BF,

Scheme 30.

Et;0BF,

(1) PhScScPh
ALt e
CH,Q,

NaBH, /EOH
(i) B0 *

Scheme 31,

CO,H

{ii) MeSO4F / ether
e .
1¥) 50% aq. KOH

| ether

1Bu . H,0*
€0, ) Me—C(SeMel 1% v)Hy

it) purification
510, TLC

1i1) MeSOKF { ether

iv) 50% aq. KOH
fether

VHO

45% overall
C18 Cecropia. Juvenile Hormone
The reaction occurs with net inversion of the configuration at the substituted carbon whether it is mono-alkyl
1a,4d.n,5b.6a(Schemes 11,30) or dialkyl-substituted 48 (Schemes 24,31) and therefore proceeds without
concomitant C,C bond cleavage on the betaine intermediate which would have led after the recombination of the
resuliing selenonium ylide and carbonyl compound 10 a diastereoisomeric mixtare of epoxide. The latter
process has been found to take place indeed on some related sulfoxonium betaines 30,

b, Synthesis of ides via B-hydr ivlsel
As already mentioned the ransformation of B—hydroxyalkylselenides to their selenonium salts allow the
synthesis of almost all the different alkyl-, alkenyl- or aryl-substituted epoxides but fails to produce
oxaspiropentanes 380, These are however available 7P on reaction of the corresponding -
hydroxyalkylselenones with a base (t-BuOK, THF, 20°C). The reaction is particularly clean with those
compounds derived from ketones (Scheme 32a) but lead to a mixture of oxaspiropentane and
cyclopropylketone with those derived from aldehydes (Scheme 32b).

Scheme 32.
PhSe(0), g PhSe(O), 0 R 2
1 R 1 Il
[: | ¢ 1-BuOK, THF 1 [: AV Lk
R; 20°C, Zh Rz Ry
OH OK Ry
a R1=Me Rz =n-Hex 8t">% 100 0
b Ri=H Ry =Ph 80% 1 61
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Although useful in the cyclopropyl series, the selenone route is less attractive in the other cases (Scheme 33)
due to (i) the concomitant formation of allyl alcohols resulting from the elimination of the intermediary -~
hydroxyalkylselenoxide (Scheme 33 compare entry b to a) (ii) the high propensity of B-
hydroxyalkylselenones whose carbon bearing the seleno moisty is flanked by one alkyl group to rearrange to
ketones (Scheme 33 compare entry b to a). With that respect the rearrangement can be almost completely
supp.ressed if the oxidation is carried out in the presence of a base (Scheme 33, entry ¢). This two steps
app.roach to epoxides from ketones does not offer at present advantages over the one implying the direct
addition 7 of o.-metaloalkylselenone to the same ketone (compare scheme 33 to scheme 8).

Scheme 33,
RS OH RSe(O) OH o
mCPBA, CH,Cl,, 20°C, 4h g, K005, 20°C, 0.5h
a —— e ——
R =Me, Ph 39, 44%
Me Me
PhS OH PhSe(O). OH HO Q
— — + +
b 3equiv. mCPBA, CH,Clp, 20°C, %h 4% 21% 56%
I excess K004, 3 equiv. mCPBA, CH,Ql5, 20°C, 3h 4% - 9%

Di hesis of ides involvine dikalocart
We have also found 62 that B-hydroxyalkylselenides can be directly transformed to the corresponding epoxides
on simple reaction, with thalloug ethoxide (5.5 equiv.) in chloroform. The reaction proceeds smoothly at room
temperature with methylseleno and phenylseleno compounds as well at the condition that the carbon bearing the
selenyl moiety is not fully substituted and delivers the epoxide in one step and in reasonably good yield
(Schemes 34, 35, 36, see also Scheme 39, entries ¢ and g). This reaction takes place reasonably rapidly (2-4h)
with methylseleno derivatives and more slowly with phenylseleno analogues (.. 24h).

Scheme 34,

RSe Oct,

|
Ot CH—CH,OH + OCH=CH,
o]
a R=Ph 5.5 equuv. TIOEe CHCh, 20°C, 7h 54%
b Me 5.5 equiv. TICE1 CHCL, 20°C, Sh %
c R=Ph 50% KOH, CHCly, 13Cl, 20°C, 2 5h 51% 8%
d Me 50% KOH, CHCl,, PRNEGLCI, 20°C, 1.5h 2% 129%
HO . Oct
5.5 equiv. TIOE: CHCl,, 20°C, 24h \W
Ct—CH—CHy—SePh y
50%
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Scheme 35,
OH  ser 0
: I < 5.5 equiv. TIOEt, CHCl3, 20°C
R
1
R R, Yield (time)
a Ph H 60% (D) 80% (24h)
b Ph Me T8% (E) 80% (24h)
c Ph Bu - 57% (28h)
d Ph Ph - 65% (dh)
Scheme 36.
[ Q
o cal
oa PhSe Oat Oct
H,\ I,H PhSeH, KOH, EIOH, 80°C Y Phse\ 0“}'[ -[PhSeCHCL] H‘f‘\ it
N i TIOEL H, '
0 o LH HC, 240 | 04 (I)H 0
90% r o
. ° & 50%
o PhSe W PhSe W H
H\W/ PhSel], KOH, EtOH, 80°C [ i cHoy \ 3 [ [PhSecHCL) HA L
g ¥l TIOE! . \W/h
B (I)H 20°C, 30h _FS.! (lm o
8% 55%

An epoxide is probably intermediarily produced !9 from the B-hydroxyalkenylselenide derived from
cyclohexenone but under the standard conditions used and further reacts with the excess of thallous ethoxide 10
deliver the y-ethoxy-ct, B-unsaturated alcohol shown in the scheme 37.

Scheme 37,
MeSe OH

HO

3.5 equiv. TIOEt, CHCl,, 20°C

66%

B-Hydroxyalkylselenides whose carbon is fully substituted do not lead to epoxides but instead produce
rearranged ketones 1):6b.19 in very high yield(Schemes 38 entry b and 39 entry a). This rearrangement which
takes place in both the phenyl- and the methylseleno series of compounds is strictly limited to the above
mentioned case and to some compounds in which the hydroxyl group is attached to a four membered cycle even
when the other functionalized carbon is monoalky! substituted (Scheme 39 entry b). This special behavior of
cyclobutanol derivatives, probably due to the release of the strain implied in the ring enlargement reaction, is
enhanced by the presence of a phenyl group on the migrating carbon atom and proved more effective than the
one of related dimethylselenonium salts (Scheme 39 compare entry d to entries e and f). At the contrary, 1-
(methylseleno)cyclobutylcarbinols, which do not possess this aptitude to migrate, exclusively lead to
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oxaspirohexanes and are the only compounds bearing two alky! substituents on the carbon bearing the selenyl
moiety which do not rearrange under these conditions (Scheme 39, entry g).

Scheme 38
Sch, Fsog Me
Koﬁ k“ Y
. _ HMSOF MegSe]
ey o
SeMe
Me
Me 99% ref6a
CCL, &
N
(.SeR o
H U Me
D "“} Me
CHCl, -[RSeCHCL,) Me
Base mar
b CHEY, TIOEL 20°C, Bh R =Ph Me 96,99% ref 1%
c CHEY,, 509 ngq KO, CH,Cl,, PRCH;NE1,, 20°C, 1h R =PFh Me 79,75% wf1%
hem
OH P
5s;re 5.5 equiv. TIOEL, CHCl, Me
2 I: Me 20°C, 15h Mo
66% (E) 57%
0
OH  goMe g
b __< 5.5 equiv. TIOEL, CHCYL
I: Pent T0°C, 130 pent
on
A
¢ Me— “\SeMe 5 5 equiv, TIQEL, CHCly
M A 20°C, 15h Me Me
e f
Ar=p-Ms-Fh Me Ar
755%
® 88%
OH o m o
RS X -
- Dec +
Me Dec Pt
d Me 5.5 equiv TIOEL, CHCI. 58%
e {0 Mel, neat Gi) :-Buoﬁ DMSO 81% 32%
f (i) Mel, neat (if) 10% KOH, ether 65% "
SeMe oH o
5.5 equiv. TIORL, CHCly
g .
Non 20°C, 15h on
90% (@} 90%
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Although less general than the related classical two steps method which involves methylseleno compounds
discussed previously, this reaction offers definite advantages for phenylseleno derivatives P42 which
otherwise would have required the use of expensive silver tetrafluorcborate. 42

As far as the mechanism is concerned, it was found 62 that the reaction involves (i) the intermediate formation
of a dichlorocarbene by interaction between thallium ethoxide and chloroform, (ii) its selective reaction on the
selenyl moiety and (iii) departure of selenodichloromethane with concomitant formation of the epoxide %2 or
the ketone 1908 as shown in the schemes 36, 38.

Further support for this mechanism comes from the following observations. (i) Thallous ethoxide in
chloroform smoothly allows the synthesis of dichlorocyclopropanes from nucleophilic olefins and dienes 198,
(i) The epoxidation reaction does not proceed in methylenedichloride instead of chloroform. (iii)
Phenylselenodichloromethane 198, a quite unstable compound, has been isolated besides the epoxide in those
reactions involving B-hydroxyalkylphenylselenides.

Since a dichlorocarbene is involved in this process, it was tempting to perform the reaction under other
conditions known to allow the formation of this intermediate as well as of related species, The reaction proved
faster when carried out 62 in methylenedichloride under phase transfer catalysis with 50% aqueous potassium
hydroxide sotution, chloroform and catalytic amounts of benzyltriethylammonium chloride (method P, Scheme
34, entries c,d and Scheme 40, entries a,b). Although epoxides are usually produced 62 in quite comparable
yields than those obtained with the thallous ethoxide method (method O}, the conditions P are less convenient
since (i) terminal olefing (Scheme 34, entries ¢, d) or dichlorocyclopropanes resulting from further reaction of
the more reactive olefins are often concomitantly formed (Scheme 40, entry b) and (ii) purification of epoxides
from the exogeneous by-products is often quite laborious.

Dibromocarbene, generated from thallous ethoxide in bromoform, also reacts 198 with B-
hydroxyalkylselenides. The reaction is faster but leads instead to bromohydrins (Scheme 40, entry ¢) and
reaction of ethyl diazoacetate (5.6 equiv., neat, 60°C), performed only on the example presented in the Scheme
40 (entry d), produces 198 selectively the corresponding oxaspiroheptane but in rather modest yield.

Scheme 40,

SeR

X X
1
Hi k HO, X R,
e R Ry
1
- +

R Rl
a Me Me 50% ag. KOH, CHCI3, PhNE3CL, 20°C,3h  60% -
b Ph Me 350% aq. KOH, CHCI3, PhNE#3Cl, 20°C, 8h  42% - 8% (X=CI)
¢ Ph Me 350% aq. KOH, CHBEr3, PhNE3Cl, 20°C, 3h - 45% (X=Br} -
d Me H 5.6 equiv. Np2CHCOZEL Neat, 60°C 40% -

The stereochemistry of this transformation has been checked®® on erythro and threo 9-hydroxy-10-
phenylselencoctadecanes. The cyclization was found to proceed with complete inversion of the configuration at
the substituted carbon atom (Scheme 36).

C. Conclusion
B-Oxidoalkylselenonium salts and B-oxidoalkylselenones are efficient precursors of epoxides. These
compounds are most efficiently prepared by the reaction between carbonyl compounds and organometallics
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bearing a selenc moiety charged or not. The first route immediately leads to the epoxide whereas the other
produces B—hydroxyalkylselenides which require further manipulation to reach the same intermediates.
Although more rapid, the first approach is less general than the second one involving the intermediarily
formation of B-hydroxyalkylselenonium salts. The selenonium ylide route is at present limited to those
unhindered carbonyl compounds which do not possess enolisable hydrogens whereas the a-lithioalkylselenone
is clearly more general, but suffers from severe limitation due to the lack of generality of the methods of
synthesis of selenones. However, it offers the clear cut advantage to provide the most straightforward way to
oxaspiropentanes especially to those derived from ketones.

The B-hydroxyalkylselenides route proved, apart for the synthesis of the above memtioned oxaspiropentanes,
the most general one especially when methylseleno derivatives are involved. It offers the advantage of (i) the
great availability of o-methylselencalkyllithiums produced in two steps from aldehydes and ketones under
conditions which unambiguously deliver the carbanionic site just at the place where the carbonyl carbon was,
(ii) the unusually high nucleophilicity of o-methylselenoalkyliithiums toward carbonyl compounds which
allow the formation of a new carbon-carbon bond even in the most difficult cases of particularly hindered or
enolisable ketones (schemes 17, 18, 19). (iii} the easy methylation of the resulting B-hydroxyalkylselenides
(Mel, or Me>S504 neat or MeSO3F ether) which takes place smoothly even with those derived from the most
hindered and enolisable carbonyl compounds and delivers B—hydroxyalkylselenonium salts in almost
quantitative yield. (iv) the particularly facile purification at that stage of the whole process which latter one
allows the obtention of the epoxide without tedious separations. In fact, butylmethylselenide and
dimethylselenide concomitantly produced with the B-hydroxyalkylselenide and the epoxide respectively are
highly volatile compounds which can be easily pumped out of the medium. Furthermore B-
hydroxyalkylselencnium salts on the contrary to other compounds involved as starting materials or by-products
in this transformation are insoluble in ether, Therefore, these salts can be freed from any carbonyl compound
which could remain from the previous step or from unreacted f—hydroxyalkylselenide, by simply washing it
thoroughly with ether. Since the last step takes place almost quantitatively, this process provides the epoxide in
analytically pure form after evaporation of the volatile products (Me2Se, bprgo : 58°C and Et20 ).

Although the control of the stereochemistry cannot be usually achieved especially with straight chain
compounds, the stereoisomeric mixture of B-hydroxyalkylselenides can be often separated into its constituents
(Schemes 31 et 41). Since the further steps are completely stereospecific, each of the two stereoisomers of
epoxide is thus available,

Scheme 41,
MeSe
R B R
H n")—lﬁ—n—}{cx -------- - H .,.& ;'/n'Hﬁ
B OH o
R Yield% gy
MeS
i R TLC, SiQy H gg 07
n-Hex ;’-‘{hafpmr.ane Ve 065
=H (1585
on R o080
~ 1/1 mixture
HMGSC an-Hex 1B n-Hex
.?_'._R — HTVR
t-Bv/ oH d
R Yo% g
H 41 45
Me B g8 99% (K.N)
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The reaction is relatively of general and allows the synthesis of a large variety of epoxides such as terminal,
- and o,B-di-, tri- and tetra-substituted ones 4ab.d.£m a5 well ag of vinyloxiranes 45 from two carbonyl
compounds one of them being reductively transformed to an -methylselenoalkyllithium, Although, each of the
two carbonyl compounds can be formally transformed to a selenoalkyllithium, in practice, a judicious selection
might be often of some value or even crucial for the success of the transformation. The following rule might
help the choice. It is better to transform, to a selenoalkyllithium, the carbonyl compound which is (i} readily
available (ii) the least substituted (iii) the Ieast hindered (iv) not aryl or vinyl substituted (v} part of a four
membered cycle if the other is a ketone since the resulting B-hydroxyalkylselenide is not as prone to rearrange
as the one resulting from the reverse activation (compare for example Scheme 39, entries g tod,e and ).
Finally, acetone is commercially available as fully deuterated derivative as well as radiolabeled with 14C at Cy
or at Cp, C3. The synthesis of the corresponding selenoacetals has been achieved 4" and the whole process has
even be successfully performed on various substrates (Scheme 42), This has allowed 4", for example, the
straightforward synthesis of 3!4C, 2,3-oxidosqualene, a particularly valuable compound for the study of the
mechanism of sterols biosynthesis (Scheme 42b ).

Scheme 42,
Mf Me
lac” DiC D,

MeSe* C(Me
?’m;(c ot {1) MeSeC{CDajls, ether
¢1}

i) 10% ag. KO e . &
(ui) aq. Jether (i) 10% aq. KOH,cther

80% (5.7 10° me nnole ') 89%

14 .
(13 1.1 equrv, NBS, DME, ;0 (1) MeSe "CiMenlLi I
1) 10% aq KOH (1) MeSOyF, ether
tw)) HCI:)‘: o (ws) 10% aq KOH ether b C\
{w) NalO,
21% overall 83 x 79% (5.7 10°° mc nmole 1y

The multisteps approach just discussed is related to the one involving o-thioalkyilithivms 111031 or sulfur
ylides 8.9,

The thioalkyltithium route 1€ is in fact simitar to the selenoalkyllithium one and possesses the same advantages
but is by far more difficult to achieve due to the tedious preparation of the crganometallics 1 In fact apart
methylthiomethyllithium and o-thiobenzyl- and e-thioallyllithiums which can be obtained 1102 by metalation
of the comresponding sulfides, higher homologues are more difficult to prepare 1£100,17¢.8, The only general
route to such reagents involves mixed S,Se sclenoacetals 15:100.17.d whose synthesis still requires the use of
selenols but which is far more difficult than the one of corresponding Se,Se acetals.

The sulfur ylide route is particularly efficient 82 and straightforward, It haowever requires almost the same
number of individual reactions as the a-selenoalkyllithinm route but these are performed in a different order.
Although the suifur ylide method allows several structural variations, it suffers from (i) the difficult synthesis
of almost all sec-alkyldiphenylsulfonium salts which cannot be prepared 8 directly from dipheny! sulfide and
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sec-alkyl halides or sec-alcohols due to isomerization of the two latter in the acid medium (AgBF, or HCIOQy4)
needed. These can be however synthesized by a lenghtly procedure which involve the synthesis of a primary
alkylsulfonium salt, its metalation and its further alkylation 830 (ii) the inertness of sulfur ylides even
methylenedimethylsulfurane 102 towards hindered ketones such as for example 2,2,6,6-
tetramethylcyclohexanone (iii) the high propensity of sulfur ylides to enolize highty enolisable ketones 92 such
as deoxybenzoin (iv) the tendency of those sulfur ylides which bear alkyl substituents on the carbanionic
center to add accross the carbon carbon double bond of enones producing % c¢yclopropy! ketones instsad of
vinyl oxiranes (Scheme 43) and last but not least (v) tedious separations required to remove the diphenyl
sulfide from the epoxide at the last stage of the synthesis.

Scheme 43,
o 0 o
M, C=SPhy, Lil (i) Me, C(SeMe)Li, THF
A ———
DME (iHH0*
(i) Mel
74 (ref 8b) (iv) 1-BuOK, DMSQ 53% (refdc)

As already pointed out, all these limitations are avoided if one instead uses the selenium route disclosed above.
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