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Stereoselective synthesis of trans-olefins by the copper-
mediated SN2 0 reaction of vinyl oxazines with Grignard
reagents. Asymmetric synthesis of DD-threo-sphingosines
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Abstract—The SN2 0 reaction of 6-vinyl-5,6-dihydro-4H-[1,3]oxazines with Grignard reagents in the presence of CuCN was studied,
and high trans selectivity for the formation of double bond was observed with a variety of RMgX. The SN2 0 reaction, coupled with
regioselective asymmetric aminohydroxylation reaction, provided a highly efficient route for the asymmetric synthesis of DD-threo-N-
acetylsphingosine.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Potential reactions of the 6-vinyl-5,6-dihydro-4H-[1,3]oxa-
zines I.
2-Vinyloxiranes,1 5-vinyloxazolines/oxazolidinones,2

and 2-vinylaziridines3 are versatile synthetic intermedi-
ates in organic synthesis, and have been extensively
studied. These compounds have been shown to undergo
a variety of different reactions, depending upon their
structures, the nature of reagents used, and reaction
conditions. For example, 2-vinyloxiranes react with al-
kyl lithiums in the presence of BF3ÆOEt2

1f or Grignard
reagents1k to give the SN2 products, whereas their reac-
tions with organocopper reagents afford the SN2 0 prod-
ucts.1i Also known is that 2-vinyloxiranes and 5-
vinyloxazolines/oxazolidinones can react with transition
metal complexes to form transition metal–p-allyl inter-
mediates, which in turn react with nucleophiles to fur-
nish ‘branched’ and ‘linear’ products.1d,j,2

We recently reported a convenient route for the asym-
metric synthesis of 6-vinyl-5,6-dihydro-4H-[1,3]oxazines
I.4 By comparing the structures of I, 2-vinyloxiranes,
and 5-vinyloxazolines/oxazolidinones, it was noticed
that they all shared two common structural features,
the terminal vinyl group and the good leaving ability
at the allylic position, and thus should exhibit similar
reactivity patterns (reaction paths c–g, Fig. 1). In addi-
tion, after deprotonation by a base, I can react with
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an electrophile to give a higher homolog (reaction path
a in Fig. 1).5 Compound I may also undergo a formal
[3,3]-rearrangement to N-acetyl protected piperidine
derivatives under appropriate reaction conditions (reac-
tion path b in Fig. 1).6 Despite such synthetic versatility,
the chemistry of the vinyl oxazine I has not been ex-
plored much to date. In this Letter, we report the novel
SN2 0 reaction of vinyl oxazines I with Grignard reagents
in the presence of CuCN, which proceeds with high
trans selectivity for double bond formation.7 Also re-
ported is an efficient asymmetric synthesis of DD-threo-
N-acetyl-sphingosine, which utilizes the developed SN2 0

reaction and regioselective asymmetric aminohydroxyl-
ation reaction8 to stereoselectively introduce the requisite
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trans double bond and vicinal aminoalcohol functional-
ities, respectively.

As shown in Figure 2, the vinyl oxazines may exist in
two conformers I and I 0. Assuming that the reaction
of the vinyl oxazines with soft nucleophiles proceeds
through SN2 0 mechanism, conformer I should lead to
trans double bond formation, while cis double bond for-
mation is expected from conformer I 0. Due to steric
repulsion between the terminal @CH2 group and R2 in
conformer I 0, conformer I would be more stable and
thus more abundant in the equilibrium. Furthermore,
attack of a soft nucleophile on conformer I 0 would be
kinetically less favorable due to the steric hindrance be-
tween the R2 and the incoming nucleophile. Therefore,
trans selectivity is anticipated from the reaction between
the vinyl oxazines and soft nucleophiles such as Grig-
nard reagents in the presence of CuCN.

Scheme 1 describes the asymmetric synthesis of vinyl
oxazines 4–6, which commenced with achiral a,b-unsat-
urated ester 1. Compound 1 was converted to the com-
mon synthetic precursor 2 for vinyl oxazines 4–6
according to the literature procedure, which included a
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Scheme 1. Asymmetric synthesis of vinyl oxazines 4–6.
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Figure 2. Cis and trans selectivities of the SN2 0 reaction.
four step reaction sequence of regioselective asymmetric
aminohydroxylation, PMB-protection, DIBAL reduc-
tion, and vinylation.4 Alcohol 2 was obtained as a 5:1
mixture of 3 and its C3 epimer. Treatment of 2 with
mesyl chloride in the presence of excess triethylamine
at 0 �C directly afforded oxazine 4.

As a proof of our approach, the reaction of oxazine 4
with dodecylmagnesium bromide in the presence of
20 mol % (relative to the amount of the Grignard
reagent used) CuCN was attempted. Gratifyingly, the
reaction proceeded well to provide the protected
DD-threo-C18-sphingosine 7a in a good yield and with a
high trans:cis selectivity (�10:1) (Table 1, entry 1).9

CuCN was found to be crucial for the reaction, since
no reaction was observed in the absence of CuCN.

Next, it was reasoned that the stereochemistry at the
allylic position (C6 of the oxazine ring) might also influ-
ence on the stereochemical outcome of the reaction.
Thus, the optically pure vinyl oxazines 5 and 6 were pre-
pared from alcohol 3, which was obtained from 2 by col-
umn separation (Scheme 1). Refluxing 3 in the presence
of a catalytic amount of p-toluenesulfonic acid in tolu-
ene furnished vinyl oxazine 5 with retention of the con-
figuration at C6.4 On the other hand, treatment of 3 with
mesyl chloride and excess Et3N generated vinyl oxazine
6 with the inverted C6 configuration.4 When vinyl oxa-
zines 5 and 6 were subjected to the above reaction con-
ditions, indeed, they showed different trans:cis
selectivities in the formation of the protected DD-threo-
C18-sphingosine product, with 5 being more trans selec-
tive (>15:1) than 6 (�8:1) (Table 1, entries 2–3).

The different trans selectivities of two C6 epimeric vinyl
oxazines 5 and 6 in the SN2 0 reactions may be rational-
ized by considering the equilibriums between conform-
ers VII and VII 0 for 6, and between conformers VIII
and VIII 0 for 5 (Fig. 3). Due to steric repulsion caused
by the endo terminal @CH2 group, conformers VII
and VIII will be more stable than conformers VII 0 and
Table 1. SN2 0 Reactions of vinyl oxazines 4–6 with Grignard reagents
in the presence of CuCN in ethyl ether at 0 �C

PMPO

NH

OPMB

Ac

R
+ cis-isomer4-6

7a-e

RMgBr
20 mol% CuCN

Et2O, 0 oC

Entry Oxazines Product R= Yields
(%)

Trans:cisa

1 4 7a –(CH2)11CH3 82 �10:1
2 6 7a –(CH2)11CH3 80 8:1
3 5 7a –(CH2)11CH3 85 >15:1
4 5 7b –CH2CH3 50 >15:1
5 5 7c –(CH2)4CH3 80 >15:1
6 5 7d –(CH2)9CH3 82 >15:1
7 5 7e –(CH2)13CH3 82 >15:1
8 5 — –CH(CH3)2 NRb

a The ratio of trans:cis was determined by the 1H NMR of the reaction
mixture.

b NR: no reaction.
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Figure 3. A plausible explanation for the trans selectivity of the SN2 0

reaction of the vinyl oxazines 5 and 6.
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VIII 0. Such steric hindrance will be particularly severe in
conformer VIII 0, where both PMPOCH2- and PMBO-
groups are in close proximity to the endo terminal
@CH2 group. This will shift the equilibrium for 5 to-
ward conformer VIII more relative to the equilibrium
for 6. Moreover, approach of the nucleophile to con-
formers VII 0 and VIII 0 for the SN2 0 reaction would be
severely retarded due to the steric hindrance between
the incoming nucleophile and the oxazine ring, and the
up-stereochemistry of both PMPOCH2- and PMBO-
groups in conformer VIII 0 would further disfavor such
approach of the nucleophile. Therefore, 5 should be
more trans selective than 6.

Now with the right C6 stereochemistry and reaction
conditions established, the generality of the SN2 0 reac-
tion was examined with vinyl oxazine 5 and Grignard re-
agents with different chain length (C2–C14) in the
presence of 20 mol % CuCN. As shown in Table 1, all
linear chain Grignard reagents produced the corre-
sponding protected DD-threo-sphingosines (7a–e)10 with
excellent trans selectivities and good reaction yields (en-
tries 3–7). However, a branched Grignard reagent failed
to react (entry 8), and PhMgBr and vinyl-MgBr did not
react under the conditions. Use of other cuprate
reagents such as Gilman’s and higher-order cuprates,
which contain branched alkyl groups, also proved to
be fruitless.11

The developed SN2 0 reaction can be easily applied to the
asymmetric synthesis of sphingosines, which are ubiqui-
tous membrane constituents of eukaryotic cells and have
been reported to exhibit a variety of structural and reg-
ulatory functions.12,13 Scheme 2 describes the asymmet-
ric synthesis of DD-threo-N-acetyl-C18-sphingosine (8).
Thus, the trans selective SN2 0 reaction of oxazine 5 with
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Scheme 2. Asymmetric synthesis of DD-threo-N-acetylsphingosine (8).
C11H23MgBr in the presence of 20 mol % CuCN pro-
duced 7a. Deprotection of both PMP- and PMB-groups
by ceric ammonium nitrate (CAN)14 in acetonitrile–
water (4:1) provided DD-threo-N-acetyl-C18-sphingosine
(8), whose structure was confirmed by converting it to
triacetate 9 and comparing with the corresponding
known compound.15 Finally, it is worthwhile mention-
ing that given the fact that the C3 stereochemistry of
sphingosines can be easily controlled,16 the correspond-
ing LL-erythro-N-acetyl-C18-sphingosine should be syn-
thesized by applying the same synthetic route.

In conclusion, we have demonstrated that the reaction
of the vinyl oxazines with Grignard reagents in the pres-
ence of CuCN proceeded via the SN2 0 mechanism, and
excellent trans selectivity for the formation of double
bond was observed. Also described was that the devel-
oped SN2 0 reaction, combined with the regioselective
asymmetric aminohydroxylation reaction of olefins,
could provide an efficient and convenient asymmetric
route for the synthesis of sphingosine derivatives. Stud-
ies toward other possible reactions of the vinyl oxazines
are currently under progress in our laboratory, and will
be reported in due course.
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