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ABSTRACT
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R'-R?= -(CHp)s-

R’= Me, Et, c=cTMs
R*= Me, Et, -Bu(CH3),

-50 °C, then EtsN
90-95%

R' R®
R3

anti from trans-epoxides
syn from cis-epoxides

stereospecific

A novel and powerful reagent system R3AI-R’3SiOTf for the one-pot alkylation—silylation reaction of epoxides was discovered, and the reactions
of various epoxides with the new reagent system have been demonstrated to occur stereospecifically giving rise to the corresponding alkylation—

silylation products in excellent yields.

Stereoselective carbettarbon bond-forming reactions of

epoxide-opening reactions, this type of reaction is restricted

epoxides with carbon nucleophiles are one of the mostto a structurally limited number of substrates such as 2,3-

important transformations in organic synthésggrticularly
in natural product synthestsAlthough various organoalu-
minum reagents have been used as carbon nucleoptutes
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epoxy alcohols, y,d-epoxy unsaturated estérgpoxy sul-
fides® and so on and not applicable to simple epoxy alkanes
themselves.

For example, the reaction thns-4-epoxyoctanel)) with
trimethylaluminum (MegAl, 3 equiv) did not occur at-30
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°C at all and the starting material was quantitatively [ |||

recovered unchanged. Even with the use of the more activer e 1. Alkylation—Silylation of 1 with ReAl—R'sSiOTf

MesAl—H,0 systen?,” less than 10% of the product was oR
2

formed (Scheme 1). The reaction with the Gillman reagent o) Tabie 1
. . . . W/ ,
(Me,CuLi, 2 equiv) furnished only 67% of the desired conditions T
product. 1 Ry
isolated
| yield
Scheme 1. Reactions otrans-4-Epoxyoctane (1) with Mal. entry conditions product (%)
OH 1 AP-50°C1h R1=Me, Ry = H 91
o <§__ conditions PO 2 A -50°C,1h R; = Me, R, = TMS 93
1 3 A°S-50°C,50min R;=Me, R, =TES 92
— . 4  Af-50°C,50min R;=Me, R, =TBS 94
conditions ___ yield 5 BS-50°C,1h  Ri=EtR;=TMS 90
’\"2':32:‘ ﬁ“;cgg'?l 0’33 ?o - N°1:;j‘°“°“ 6 B<d—50°C, 75min Ry =Et, R, = TES 95
3, N2, 212, = [ o f_ o — C= — o
Me,CuLi, dry ether, 0°C, 3 h 67% 7 CI=80°C 1h Ri=C=CTMS, R, =TMS 95

a All reactions were carried out in dichloromethare. Me3zAl (1.5
equiv), RSIOTf (1.5 equiv), BN (1.5 equiv).B: EtAl (1.5 equiv),
RsSIOTf (1.5 equiv), BN (1.5 equiv).C: Me:AIC = CTMS (2 equiv),

To overcome the synthetic limitation of organoaluminums RsSIOTf (2 equiv), E§N (1.5 equiv).” Without EgN. © Performed with 1.3

. .. . equiv of the reagents.Carried out with 4 mL/mmol concentratioflsolated
a_md to reahze_ efficient carbercarbon bond-formm_g reéac-  along with 8% of the reduction produc¢tMe,AIC=C-TMS was prepared
tions of epoxides, we explored a new type of activation of by the treatment of MAIOTf with Li C=CTMS in CHCl>.
organoaluminum reagents, although a few types of activa-
tions are known in the literatufeAs a result, we discovered  also examined the combination of Mé and other triflates

that the combination of trialkylaluminum gRI) and tri- (TESOTf and TBSOTf) to demonstrate the scope and
alkylsilyltriflate (R'sSiOTf) serves as an excellent carbon generality of the present method. Thus, the reactichwith
nucleophile for epoxide-opening reactions. We report herein Me;Al in the presence of TESOTf and {8t or TBSOTf and
the powerful activation and enhancement in the reactivity Et;N afforded the corresponding silyl ethers with complete
of organoaluminums by the combination witHs&®OTf, stereoselectivity in remarkably high yields (entries 3 and 4).
which act as efficient and potentially useful alkylating We found that the reactivity of the triflates was TMSOTf
reagents of various epoxides to afford the corresponding >TESOTf> TBSOTT, probably due to the bulkiness of the
silylated products in the presence of;lEtin a one-pot  reagents. Hence, the reactionlofvith TIPSOTf furnished
operation and in remarkably high yields. only the starting material even after prolonged reaction time

We chosetrans-4-epoxyoctane (1) as a model substrate and conditions. To get insight into the scope of the present
for the present study. First, the epoxitlevas treated with method, other organoaluminum reagents such g&l Bnd
MesAl (1.5 equiv) and TMSOTf (1.5 equiv) in Cil; at Me,AlIC-CTMS were examined. These reagents also served
—50 °C to afford the antimethylated alcohol as a single as excellent carbon nucleophiles to afford the corresponding
product in 91% vyield (Table 1, entry 2). substitution products in excellent yields (entries-7,

Notably, we found that on the addition of;St(1.5 equiv) although 4 mL/mmol concentration was required to minimize
to the reaction mixture after the disappearance of the startingside products (e.g., ketones) in these reactions. All reactions
material (TLC; ca. 36-40 min), the corresponding TMS in Table 1 proceeded smoothly, giving rise to a single
ether of the alcohol was formed in 93% yield (entry 2). We product. It should be noted that the present method provides

a variety of the alkylatiorrsilylation products in one-pot

(7) Abe, N.; Hanawa, H.; Maruoka, K.; Sasaki, M.; Miyashita, M. Operation with extremely high stereoselectivity.
Tet(g;h(g;ifé’r?otegl_gggh‘]lok,);f%gj - Nguyen. S Q. Lett 2001 3, 2229 The excellent preliminary results prompted us to examine
(b) Schneider,’C.E’Braur?er, 'l]’etr.aH’edrgonyLehZ(')O(%'All, 3043. (c)’ Pfaltz', various epoxides under the optimized conditions. Thiss,
A.; Mattenberger, A.Angew. Chem., Int, Ed. Engl982, 21, 71. (d) 4-epoxyoctane?), cyclohexaneoxided), andtrans-andcis-
Ing(g?rr(ejfa’pIé’sZ;?Qi’vEEerg?QSS:Z% ggsléﬂiyoﬁzlci?{he epoxide (100 mg, V’é'epoxy unsaturated esters g4ds, re,SpeCt,lvely) were
0.78 mmol) in dry CHCI, (2 mL) were added Mgl (1 M solution in examined and the results are summarized in Table 2. As

hexane, 1.2 mL, 1.2 mmol) and TMSOTf (0.23 mL, 1.2 mmol)-&0 °C shown, all the reactions proceeded stereospecifically giving
under an argon atmosphere. After the mixture was stirred for 45 min at the .

same temperature, 4 (0.16 mL, 1.2 mmol) was added and the mixture 1€ t0 the corresponding silyl ethers of alkylation products

was further stirred for an additional 15 min at the same temperature. The as single products in excellent yields (entries 1—12). The
reaction was quenched with 0.05 M HCI (2 mL), and the mixture was . : : .
extracted with ethyl acetate (50 mL) and successively washed with water configuration of the products was unamb|QUOUS|_y confirmed
(4 x 25 mL) and brine (25 mL), dried (anhydrous Mggcand concentrated by agreement with that of the products obtained by the
in vacuo. The crude product was immediately purified by a silica gel column ragction ofl and 2 with the Gillman reagent (Mg@uLi) 2a

chromatography (5% hexanes—ethyl acetate) to give the pure trimethyl- . .
(2-methyl-1-propylpentyloxy)-silane (159 mg, 93%)is critical to purify although the later reactions gave lesser yields (40 and 67%,

Lhehcr_tlflig 1pgodu0t5_ immediately tr? gbt{iir? 1”;\7 ﬁgrlrzéSpr?ndin%dprg\iélcts in respectively) of products. It is noteworthy that the reactions
igh yield.The reaction was quenched wit| without addin: 1 H :

followed by the same workup procedure, to afford the pure 5-methyl-oct- of tranSJy,é-epoxy Unsatur.ated eS'tél) (having no particular
4-0l (93 mg, 91%). oxygen function on the side chain also occurred smoothly
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Table 2. Alkylation—Silylation Reactions of Various Epoxides withAR—R’'3SiIOTf—EN?2

entry substrate conditions ° product isolated yield
(%)
OR
1 A,-50°C, 1h A/'\l/v 93
PP =T
2 2 A, -50 °C, 40 min R=TES 94
3 A, -50 °C, 40 min R=TBS 94
4 OTES
B, -50 °C, 40 min A)\(v 93
OR
5 A, -50 °C, 30 min O’ 90
o “u R=TMS
3 A, -50 °C, 40 min R=TES 90
A, -50 °C, 40 min R=TBS 91
OTES
8 B, -50 °C, 40 min O/ 96
R
OR
9 C.-50°C.1h A A COaE 95
: R= TMS
10 0 C,-40°C,2h R=TES 93
11 AT COEL 6 3pec 2 R =TBS 82
4 OTES
12 B, -50 °C, 40 min - COE 90
~
OR 96
13 C,-100°C,1h /\/I\l/\vCOZEt (1/6=85:15)
R=TMS
14 0 CO,Et ©C -78°C.1h R=TES 94
VIV
o (/8=78:22)
15 5 C, -50°C,1h R=TBS 95
(98=79:21)
o} OTES 5
16 S A, -50 °C, 30 min . (/B=92:8)
6
Ph
~
17 F’ho/\<‘|J A, -50 °C, 30 min 0 93
7 OTES
o S L0 90
18 N ~CO:E C°,-78°C, 90 HO, | (y/6=18:82)
min. Y \ - CORE
8 H

a All reactions were carried out in dichloromethaRé\: MeszAl (1.5 equiv), RSIOTf (1.5 equiv), BN (1.5 equiv).B: EtAl (1.5 equiv), RSIOTf
(1.5 equiv), E4N (1.5 equiv).C: MesAl (2 equiv), RSIOTf (2 equiv), E{N (1.3 equiv).c Without EgN.

with complete regioselectivity at theposition to give single
y-substitution products (entries—42), which were in
contrast with the very sluggish reaction 4fvith the Mes-
Al—H,0O system resulting in the formation of an 80:20
mixture of y- and d-methylation product3.Similarly, the
corresponding cis-analogue reacted cleanly to give an
approximately 80:20 mixture ofy- and o-substitution
products (entries 13—15), while the reactiorbokith Mes-

Al—H,0 gave a complex mixture. As was anticipated, the
reactions of terminal epoxide$ @nd7) produced the C1
substitution products regioselectively (entries 16 and 17) and Grants-in-Aid for Scientific Research on Priority Areas (A)

reactions of a trisubstituted epoxid8)(gave a product

the powerful activation of organoaluminums as carbon

nucleophiles, which affords the alkylatieisilylation prod-

ucts stereospecifically in excellent yields. Therefore, the

present method should provide an extremely useful means
in organic synthesis, including natural product synthesis.

Further investigations on the new reagent system and its
application to natural product synthesis are in progress in
our laboratory.
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