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ABSTRACT

O 1. RLilligand 0
< — Qe R~<L-E (E=DorSiMey)

The presence of a suitable diamine ligand is the key to achieving ring lithiation—substitution of epoxides without the need for activating
substituents on the epoxide and constitutes a new synthetic entry to trans-a,f-epoxysilanes.

Epoxides are widely utilized as versatile synthetic intermedi- Arising out of our studies concerning the lithiation
atest Their reactions are dominated by the electrophilic rearrangement of epoxidesye considered that the presence
nature of the epoxide, generally involve cleavage of the of appropriate ligands might be able to serve the dual role
strained three-membered ring, and include a wide range ofof accelerating deprotonation and reducing the rate of
nucleophilic ring openings and acid- and base-induced oxiranyl anion decomposition. In this paper we report our
isomerization reactions. In contrast, the utility of epoxides preliminary results concerning the development of this
as nucleophiles (via oxiranyl anions, e.g), first studied concept for the direct deprotonatierlectrophile trapping

by Eisch and Gallé,is less developed, although such of unfunctionalized terminal epoxides.

reactions can provide a very direct way to assemble We first set out to find conditions for lithiationdeutera-
substituted epoxides.A current requirement with this  tion of a simple terminal epoxide (Scheme 1). In the absence
strategy is the apparent necessity of using epoxides possess-

ing electron-withdrawing or trialkylsilyl or trialkylstannyl _
groups attached to the epoxide ring. Electron-withdrawing Scheme 1

and trialkylsilyl substituents facilitate formation of oxiranyl

anions by promoting deprotonation (usually lithiation) and _ , <Zx B [C y /d’/u} AR

prolonging the solution lifetime of these otherwise very labile ~* * Ligand o e

- . . : . 1(X =H) 2 1(X=D)
intermediates. Trialkylstannyl- and sulfinyl-substituted ep-

oxides react with organolithiums (by transmetalation and OH
desulfinylation, respectively) rapidly enough at low temper- o, CmHz,/k/R
atures such that the resultant unstabilized oxiranyl anions 3 A

can exhibit synthetically useful nucleophilic (rather than
carbene-type) reactivity with a range of electrophfies.

of a ligand, or in the presence of TMEDA, no deuterium

(1) Erden, I. InComprehensive Heterocyclic Chemistry Katritzky, ; ; ; it
A R. Rees, C. W.. Scriven, E. F. V... Eds.: Pergamon: Oxford, 1996: Vol. (D) incorporation could be obtained. For example, addition
1A, pp 97-171.

(2) Eisch, J. J.; Galle, J. B. Am. Chem.Soc.1976, 98, 4646—4648. (4) (a) Lohse, P.; Loner, H.; Acklin, P.; Sternfeld, F.; Pfaltz, A.
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over 10 min of a solution of 1,2-epoxydodecati(( equiv)

in diethyl ether ta-PrLi (2.5 equiv) in diethyl ether at-78

°C followed by DO after 1.5 min led after chromatography
to recovered. (35% yield, 0% D incorporationjrans-alkene

3 (34%) arising from reductive alkylatidhand alcohol4

(R =i-Pr, 22%). Reaction under the same conditions but in
the presence of TMEDA (2.5 equiv) gave a mixturelof
and3 (1:3, 20:80, nat (R = i-Pr) detected); at-90 °C the
ratio was1(0% D):3, 50:50. No reaction df was observed
at —90 °C with i-PrLi in diethyl ether or in THF/TMEDA.

Ligands 5-8
H H
N NBu NMe
N ) BuN N
A
(-)-5 6 (+-)7

H

NMe
N

(+/-)-8

The first indications that D incorporation is possible were
found using {)-sparteing’ (5) as the ligand. Fifteen minutes
after addition ofl to a mixture of5 andn-BulLi, t-BuLi, or
i-PrLi in diethyl ether at—90 °C, D incorporation inl
showed 0% D, 10% D, and 22% D incorporation, respec-
tively. After 1 h at—90 °C with i-PrLi/5 in diethyl ether,1
was recovered (50% yield) with 45% D incorporation, along
with 3 (18%) and4 (R = i-Pr, 11%). D was incorporated
exclusivelytransto the alkyl substituent on the oxirane ring,
as anticipated from the reductive alkylation studies of
Mioskowski et af Switching to hexane as solvent gave, after
1 h at—90 °C with i-PrLi/5 (Table 1, entry 1), a similar

Table 1. Effect of Experimental Conditions on the
Lithiation—Deuteration of 1,2-Epoxydodecane (1) in Hexane at
—90°C

entry? RLi ligand time (min) % DPin1 vyield of 1 (%)°
1 i-PrLi 5 60 46 60
2 i-PrLi 5 180 50 50
3 s-BuLi 5 15 75 70
4d s-BuLi 5 60 20 40
5 s-BuLi 6 15 45 82
6 s-BuLi 7 15 50 85
7 s-BuLi 7 60 52 80
8 s-BuLi 8 15 63 91
9 s-BuLi 8 60 70 75

a Reactions were carried out by addition over 10 min of a solutioh of
(1 equiv) in hexane to a mixture of RLi/ligand (2.5 equiv each) in hexane
at —90 °C, followed by addition of MeOD after the time indicated.

b Determined by'H NMR. ¢Isolated yields after chromatograpiiy4
(R = s-Bu) was only observed (5%) in entry 4.

level of D incorporation inl to that observed using diethyl
ether, but significantly les8 was formed (6%), na@l was
observed, and more epoxide was recovered (60%).
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The most encouraging results wihwere obtained with

s-BuLi in hexane at-90 °C, which after 15 min gavé in
70% yield with 75% D incorporation (Table 1, entry 3). In
this case, only 9% 08 was isolated. Longer reaction times
resulted in diminished recovery &f(Table 1, entries 2 and
4). The success with (compared with TMEDA) prompted
us to examiné&—8 .2 which all possess the 3,7-diazabicyclo-
[3.3.1]nonane structural feature ®{Table 1, entries 58).
For 6—8 the deprotonation step was slower than vt he
best results were obtained withBuLi/8 in hexane at-90
°C (Table 1, entries 8 and 9); usisgBuLi/8 in diethyl ether
was less effective, giving after 1 hraixture of 1 and 3
(1:3, 96:4), with only 48% D incorporation ih.

While trapping with other external electrophiles (}8&Cl,
CICOMe, PhCHO, EtCHO) has so far been unsuccessful,
we have been able to preparg-epoxysilaned0when Me-
SiCl is present during the generation of the oxiranyl anion
(Scheme 2, Table 2)!° o, 3-Epoxysilaned.0 are especially

Scheme 2
s-BuLi/8 1
R{_O Me,SiCl RLO g
e <] + e,Si T [__{2><I/S|Me3
2 10

valuable in organic synthesis since, for example, they can
be hydrolyzed to give carbonyl compounds, undergo regio-
selective and stereospecific ring-opening with a range of
nucleophiles to give substitutggthydroxysilanes, and are
used as vinyl cation equivalents.

(5) Hodgson, D. M.; Lee, G. P.; Marriott, R. E.; Thompson, A. J.;
Wisedale, R.; Witherington, J. Chem Soc, Perkin Trans1 1998 2151~
2161.
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(8) (a) Bertini Gross, K. M.; Jun, Y. M.; Beak, B. Org. Chem.1997,
62, 7679—7689. (b) Harrison, J. R.; O'Brien, P.; Porter, D. W.; Smith,
M. J. Chem Soc, Perkin Trans 1 1999 3623-3631. (c) Scheiber, P.;
Nemes, PLiebigs Ann.Chem.1994, 1033—1036.

(9) Typical procedure for a,f-epoxysilane preparation: A solution
of 8 (116 mg, 0.60 mmol) in hexane (1 mL) was added to a stirred solution
of s-BuLi (1.3 M in cyclohexane, 0.45 mL, 0.59 mmol) in hexane (4 mL)
at —90 °C, and the reaction mixture was then allowed to warm ta&CO
over 15 min. After a few seconds af@, the mixture was recooled t690
°C and a solution of 1,2-epoxydodecane (44.1 mg, 0.24 mmol) and Me
SiCl (36 uL, 0.28 mmol) in hexane (1 mL) was added dropwise over 10
min. After the reaction mixture had been stirred foh at—90 °C, it was
allowed to warm slowly to—50 °C over 30 min and then MeOH (1 mL)
was added, followed by 1 N HCI (2 mL) at €. The two phases were
separated, and the aqueous layer was extracted with(Btx 5 mL). The
combined organic extracts were washed with brinex(’5 mL), dried
(MgSQy), and concentrated under reduced pressure. The residue was purified
by column chromatography on silica gel (pentane/diethyl ether 99.5/0.5)
to give 45.1 mg ofl0 (R! = CyoHz1, R?2 = H, 73% vyield): R = 0.3
(pentane); IR (neat) 2957, 2925, 2854, 1467, 1249, 848'ch NMR
(400 MHz, CDC¥}) 6 2.76—2.74 (m, 1H), 1.97 (d, 1H,= 3.5 Hz), 1.62—

1.26 (m, 18H), 0.88 (t, 3H]) = 7 Hz), 0.06 (s, 9H)*C NMR (100 MHz,
CDCl) 6 56.2, 51.7, 34.1, 31.9, 29.6, 29.5, 29.3, 26.4, 22.7, 1437,
CIMS m/z (relative intensity) 257 (M+ H*, 15), 129 (15), 90 (100), 73
(15); HRMS calcd for GsH3,0Si 257.2300, found 257.2300.

(10) The structure of the diamine used is important (TMEDA also failed
in this transformation, whereas the use of){5 effected partial kinetic
resolution (Norsikian, S. L. M. unpublished results)). Other electrophiles
(BuOTf, BusSnCl, Mel) tried in situ were unsuccessful.

(11) Hudrlik, P. F.; Hudrlick A. M. InAdvances in Silicon Chemistry;
Larson, G. L., Ed.; JAl: Greenwich, 1993; Vol. 2, pp-89.
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Table 2. Direct Synthesis of,s-EpoxysilaneslO from

to trans-a,3-epoxysilanes (entries 2—5)The reaction is
also applicable to the preparation of trisubstituted epoxides

Epoxides9 (entries 6 and 73! For the unsymmetrical epoxide in entry
Entry’ 9 Time 10 7, silylation occurred with a high degree of regioselectivity
(h) (Yield, %)’ (97/3) trans to the phenyl substitueft®
In conclusion, we have demonstrated for the first time that
1 \ 2 /<?/suwe3 simple unfunctionalized epoxides can, via direct lithiation
CroPld G 7 in the presence of a suitable diamine ligand, be ring-
(73) substituted with an external electrophile (although at the
o o moment this is restricted to deuteration) and with a silylatin
? /\(CHZ)G/Q 22 /\(CHZ)G/Q’ Sies agent present in situ. The latter chem)istry provides); ne\?v,
(71) concise stereocontrolled access from terminal epoxides (also
o o readily available as either enantionétp a,5-epoxysilanes.
3 NENGZ 4.5 o~ <L SiMe, We are currently studying other ligands in order to improve
(61) this reaction and to extend the process to other epoxides and
electrophiles.
4 2 Q o
£BuMe,SIO(CH,) ¢ £BuMe,SI0(CH,) 7~ L~ SMes
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over 30 min for entries 1 and 7 Isolated yield ofL0 after chromatography.
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The results in Table 2 indicate that the process is
compatible with a range of functionalized epoxitfdsading
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