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ABSTRACT

% _~_Bllpo), . RO
R W R\ ~
RZ R* Sc¢(OTH), (cat) RZ R4

THF, -78 °C

R" = Aryl, Alkyl; R? = Ph, H
R® = Me, Alkynyl, H: R* = Me, H

Yield ~ 70 to 95%
ee ~ 96%

2-Vinyloxiranes have been found to be excellent surrogates to f,y-unsaturated aldehydes. These valuable electrophiles, generated in situ by
treatment of a 2-vinyloxirane with a catalytic amount of Sc(OTf)s, are effectively trapped by the chiral allylating agents based on a-pinene,

affording bishomoallylic alcohols in high yield and excellent selectivity.

B,y-Unsaturated aldehydes have rarely been used as buildingor the allylation or crotylation of varioug,y-unsaturated
blocks in synthetic organic chemistry, presumably due to aldehydes, generated by the treatment of 2-vinyloxiranes with

their very low stability with respect to olefin isomerizatidf.

a Lewis acid (LA). To extend the synthetic utility of this

As such, the potential utility of these substrates as electro- methodology, we sought to develop an asymmetric version
philes remains largely unexplored. One practical solution to of this transformation (Scheme 1). In this report we describe

this instability is to form and react thg,y-unsaturated

aldehyde in situ; a few strategies have been reported alon_

these lines:* We recently disclosé€a high-yielding protocol
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Scheme 1. Enantio-Strategy for Preparation of Chiral
Bishomoallylic Alcohols
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the successful realization of this objective, allowing ready

access to enantiomerically enriched bishomoallylic alcohols.
We initiated our studies by examining the use of chiral

allylboron compounds as nucleophiles. This approach

(6) Roush, W. R.Methods of Organic Chemistry (Houben-We#th
Edition; Helmchen, G., Hoffmann, R. W., Mulzer, J., Schaumann, E., Eds.;
Georg Thieme Verlag Stuttgart; New York; 1995; Vol. E21b, pp 1410
1486.



seemed especially promising since as a result of the emptythe reaction mixture, and notably (MeO)MgBr has been
p-orbital at the boron atom, these species are also Lewispreviously reported to retard the reaction rate and lower the
acidic. We reasoned this feature could remove the need foree? Thus, Brown’s reagent3j was prepared salt free

an external LA since the nucleophile could play the dual
role of ring opening the oxirar@ndeffecting allylation. The
reagents developed by Roligit), Corey (2), and Brows

(3 produced fromR)-(+)-a-pinene, oent-3from (S)-(—)-

according to a published repdftom basic starting materials.
Although this procedure requires careful manipulation, once
prepared may be stored for more than 1 month as a solution
in THF.1° The initial results were very satisfying, and the

o-pinene), were prepared according to literature proceduresobserved selectivity was excellent (Table 1, entries 4 and

and reacted with our test substrate, 2-styryl-oxiradle A
summary of the results is presented in Table 1.

Table 1. Effect of the Nucleophile

LA OH

(@] .

Ph + nucleophile —— 3 ph XA

\/;l) (1,20r3) THF,-78°C,6h s =

entry nucleophile (equiv) LA (mol %) yield (%) ee (%)®

1 1(1.5) 40 27
2 1(1.5) BF3-OEt; (30) 70 47
3 2(1.5) BF3-OEt; (30) 33° 37
4 3(2.3) BF3-OEt; (20) 4gbe 93
5 3(2.3) BF3-OEt; (20) 8opd 96

a All reactions performed by slow addition of the oxirane over 1 h.
bHPLC yield. ¢ NH4CI workup. 4 NaOH/HO, workup. ¢ Determined by

HPLC.
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Roush’s reagentj was studied extensively, and the results
reported are the best following optimization studies. Of the
three boron-based allylating ageniswas the only one to
effect ring opening without the addition of an external LA
(Table 1, entry 1). However, both the yield and selectivity
of the bishomoallylic alcoholbs were improved by the
presence of BFOEL (Table 1, entry 2). Corey’s allylating
reagent?) was briefly examined, but provided inferior results
for our system (Table 1, entry 3) and was significantly more
difficult to prepare then the tartrate-based allylboron com-
poundl. Consequently, our focus shifted to Brown'’s reagent
(3), and initial studies were performed using the com-
mercially available precursors (MeO)B(Ip@r DIPCI (Al-
drich) to prepare the active trialkyl reagent (eitBeor ent-

3) in situ. When combined with a LA and treated with the
vinyloxirane @), the reaction originating from (MeO)B(Ipg)
failed to give any product whatsoever and primarily starting
material was recovered. Alternatively, reactions that em-
ployed Brown’s reagenB( prepared from DIPCI were very

5).
A variety of Lewis acids were examined (Table 2), and

Table 2. Effect of the Lewis Acid

1) LA (10%)
o THF, - 78°C, 6h oH
Pho_~> * o~ BlPo2 PhA A
2) NaOH, H,05, 14h rt
4 3 5
entry LA yield (%)P ee (%)P note
1 Sm(OTf)s 28 96 incomplete
2 SnCly 18 83
3 Ag(OTf) 33 94 incomplete
4 Y(OTf)s 65 96 incomplete
5 Sc(OTH)s 92 96
6 BF;-OEt, 59 96 incomplete

a All reactions performed by slow addition of the oxirane oteh to a
solution of 3 (2.3 equiv) and LA (10%) in THF at-78 °C (0.34 mmol
scale).P Yield and ee determined by HPLC. Absolute configuration predicted
by analogy*?

all gave the desired producdd)(with comparable levels of
induction with the exception of Sngl(Table 2, entry 2)
where a slightly reduced ee was observed. By far, the cleanest
and highest yielding reaction was obtained with Sc(@Tf)
(Table 2, entry 5). The majority of the other Lewis acids
suffered from incomplete conversion (Table 2, entries 1, 3,
4, and 6) or caused decomposition of the vinyloxirane.
Although the use of BOEL is economically attractive for
large-scale work, decomposition (Table 1, entry 5) or
incomplete conversion (Table 2, entry 6) resulted in lower
isolated yields. As a control experiment, (MeO)MgB2.3
equiv) was added to “salt free8 along with Sc(OTf) (7.5

mol %). In analogy with the failure of the one-pot reaction
from commercially available (MeO)B(Ipg)only starting
material (4) was recovered.

A brief examination of reaction stoichiometry showed that
the ee remained constant but the best yield was obtained
with 2.3 equiv of the allylation agenB) and 7.5-10 mol
% of Sc(OTfy. Examination of the effect of varying the
temperature (Table 3) indicated that the ee remained above
90% (Table 3, entries-13) as long as the reaction was kept
< —50°C. Even at room temperature the level of selectivity

promising, but surprisingly inconsistent. In both cases the ;55 good (ee= 86%) (Table 3, entry 5).

presence of the magnesium salts significantly complicated

(7) Roush, W. R.; Walts, A. E.; Hoong, L. K. Am. Chem. S0d.985,
107, 8186.

(8) Corey, E. J.; Yu, C.; Kim, S. S. Am. Chem. S04.989,111, 5495.

(9) Racherla, U. S.; Brown, H. d. Org. Chem1991,56, 401.
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(10) Solution stored in a Wheaton bottle-s20 °C to ensure consistency.
It is highly recommended that the methanol be freshly distilled from
magnesium and iodine.

(11) This magnesium salt was obtained from drying the filtrate from the
synthesis of3 under high vacuum for 12 h.
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s yield and purity after a simple aqueous wash. This approach

Table 3. Effect of Temperature was advantageous, as purification of these often-sensitive
epoxides could be avoided. When purification was requited,
1) S¢(OTf)3 7.5% . . . . e .
o THF, temp, 6h OH the isolated chemical yield was typically sacrificed in order
PhoI> T o BllRo: 2 N0, 0y 141 ﬂphm to obtain the desired 2-vinyloxiranes free from the original
4 3 S 5 impurities and decomposition products that arise during their
purification.
entry temp (°C) yield (%)* ee (%)? In general, both the yield and enantiomeric excess for most
1 96 94 >08 of the substrates were excellent (Table 4). Either antipode
2 -78 96 97 of the desired bishomoallylic alcohols is readily available
3 —50 100 95 (Table 4, entries 1 versus 2) depending on whether Brown’s
;‘ 28 188 22 reagent was synthesized frolR)((+)- or (S)-(—)-o-pinene

(i.e., use of3 versusent-3). 2-Vinyloxiranes of moderate
2 All reactions performed by slow adgitiqn % It:heO osﬁranrﬁ ?verll h reactivity (Table 4, entries13, 8-10, and 11) gave the best
EOY?eIZO!\Jr:gZ: fge(ti.r%?nqeuc;vt))yaﬂill__é. (,stsgl)ulg config(u.ration p(r)edsi((::?eg)-by yleld§ with no appreciable difference between aryl Or. ?"kY'
analogy!? substituents. It appears that a balance between stabilization
of the proposed carbocation intermediate and the propensity
for the requisite 1,2-hydride shift to occur is responsible.
We next prepared a series of 2-vinyloxiranes through the Electron rich substrates (Table 4, entry 5) were very reactive
two-step sequence described by Matté3¢8cheme 2). In  toward ring opening but gave lower yields in the carbonyl
addition with the remainder of the mass balance being
s decomposition products. This is potentially explained as a
Scheme 2. Approach to Synthesis of 2-Vinyloxirarfes consequence of an increased lifetime for the carbocation
R o R N . intermediate. _On the other hand, electron poor substrates
V/\f —_— v/\OHﬁ - R\/\?> (Table 4, entries 4, 6, and 7) were much more sluggish to
react. However, with extended reaction times tkaitro
product (ent-13) was available in high yield and excellent
a(a) CICHI (1.5 equiv),n-BuLi (1.5 equiv), THF —78°C, ~1 enantioselectivity (Table 4, entry 7 versus 6). A vinyloxirane
h; (b) NaH (95%, 1.1 equiv), Nal (10%), THF,@, ~1 h. with a bromo substituent to the epoxide&) failed to react
(Table 4, entry 4) except when BBEL at significantly
higher loadings of the LA (1.1 equiv versus 7.5%) was
most cases, careful purification of the chlorohydrin inter- employed. The ee 0 was high (90%), but the yield was
mediates allowed the desired epoxides to be isolated in highpoor (17%) due to significant decomposition under these

Table 4. Substrate Scope

R = Aryl, or Alkyl

P 1) Sc(OTf)3 7.5% R
1 o] THF, temp, time R® OH
R W + o~ Blpo); @3eq T2 RH/K‘/'\A\
B2 R 2) NaOH, H,0,, 14 h 1t R, R*
# (Nuc) #
substrate product
entry no. R? R2 R® R* Nuc temp (°C) time (h) no. yield (%)° ee (%)°
1 4 Ph H H H 3 —78 6 5 88 (92)d 96
2 4 Ph H H H ent-3 —78 6 ent-5 964 96
3 6 Ph H Me H 3 —78 6 7 83 96
4 8 Ph H Br H 3 —78 6 9 SM
5 10 0-(MeO)CsH4 H H H 3 —78 6 11 68 96
6 12 0-(NO2)CgH4 H H H 3 —78 6 13 35 96
7 12 0-(NO2)CsH4 H H H ent-3 -78,then—-70 4,then36 ent-13 88 96
8 14 Ph Ph H H 3 —78 6 15 94 95
9 16'S Ph H H Me 3 —78 6 17 92 >95,% de ~0
10 18  CH3(CHy)4 H H H 3 —78 6 19 80 o7t
11 20 R!to R® = (CHy)4, R2and R*=H 3 —78 6 21 92 96f

a All reactions performed by the slow addition of the oxiraneralé on a0.34—0.68 mmol scalé.Yields are isolated yields.ee determined by chiral
HPLC against racemic materfald HPLC yield. ¢ ee of both diastereomers greater than 95, inseparadsedetermined by chiral GC. Absolute configuration
predicted by analogi?
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Scheme 3. Palladium-Catalyzed Cross Coupling—Allylation

Sequence
H OH
H
a A fo) b SN Cl
U0 Tesn I 86% I
Br
Ph Ph
8 22 23
P o}
d c
X ore B
Il OH 4 =23%, ee=93% ll 85%
e = 76%, ee = 93%
Ph Ph
25 24

a Pd(PPh), (5%), Cul (10%), THF/EN (1:1), rt, 3 h.b CICH,I
(1.5 equiv),n-BuLi (1.5 equiv), THF,—78 °C, 1 h.cNaH (95%,
1.1 equiv), Nal (10%), THF, GC, 2 h.9(1) ent3 (2.3 equiv),
Sc(OTfy (7.5%), THF,—78 °C, 6 h; (2) 3 N NaOH, 30% bD,,
rt, 14 h.e (1) ent-3(2.3 equiv), Sc(OTH (7.5%), THF,—78°C, 4
h, =70 °C 36 h; (2) 3 N NaOH, 30% bDy, rt, 14 h.

and excellent selectivity (Table 4, entry 9). No control over
the a-methyl stereocenter was observed, and a nearly 1:1
mixture of diastereomers (inseparable) was isolat@)l Our
current studies are focused on addressing this issue.

In conclusion, we have shown that 2-vinyloxiranes are
excellent surrogates fof,y-unsaturated aldehydes in the
preparation of bishomoallylic alcohols. These valuable
electrophiles, generated in situ by treatment of a 2-vinylox-
irane with a catalytic amount of Sc(O%f)are effectively
trapped by chiral allylating agents based orpinene,
affording the products in high yield and excellent selectivity.
The reaction is highly versatile and allows access to a useful
class of products that would be difficult to synthesize by
other means. Mechanistic details, further examples, and
applications will be reported in due course.
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coupling reaction as a first step and subsequently carry the

intermediate on to a bishomoallylic alcohd@5) (Scheme
3).

Finally, a 2-vinyloxirane substituted at the 2-positidib)
performed very well, giving the desired products in high yield

(12) The absolute configuration may be predicted from analogy with
previous results3 is known to give si face attack whilent-3provides the
enantiomer. See: (a) Brown, H. C.; Jadhav, PJKAm. Chem. Sod983,
105, 2092; (b) Vulpetti, A.; Gardner, M.; Gennari, C.; Bernardi, A,;
Goodman, J. M.; Paterson,J. Org. Chem1993,58, 1711.

(13) sadhu, K. M.; Matteson, D. Setrahedron Lett1986,27, 795.
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Supporting Information Available: Representative ex-
perimental procedures, and full characterization of all novel
compounds withid—25 as well as related intermediates.
This material is available free of charge via the Internet at
http://pubs.acs.org.

OLO016946A

(14) When necessary the 2-vinyloxiranes may be purified by distillation
or in some cases flash chromatography (5%NEEtOAc/Hex).
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