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Control of regio- and stereoselectivity is a formidable challenge
in organic synthesis. Although the nucleophilic substitution
reaction ofs-allylmetal species has become one of the most
important reactions in organic synthesis, the control of regio- and
stereoselectivity is still of current interésin this paper, we report
the first example of unusual regioselectivity controlability of the
substituent at the 1-position of 2,3-allenols irrallylmetal
chemistry, the effects controlling the diastereoselectivity, and the
application in the synthesis of highly optically active amino
alcohols? an important class of compounds which have huge
impact on organic synthesigspecially as key intermediates for
the synthesis of targets with pharmaceutical importaand chiral
auxiliaries/ligand$ in asymmetric synthesis.

The combination of an allene moiétsind a functional group
in the same molecule provides many opportunities for the
synthesis of both carbocycles and heterocytfds. the case of
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Table 1. Pd(0)-Catalyzed Reaction of 1-Aryl-2,3-allenols and Aryl
lodides
SR*RN_HHO
e, 2 e iy S MO% PAPPhg. ¢ aH
Sar T RZI R A ELN ° Rar
1 HO 1.5 equiv 4
temp time yield of
entry 1Ar 2R? 3 °C) (h) 4%)
1 Ph@a Ph EstNH2  reflux 50 82 @a)
2 Ph(a) Ph EsNHP  reflux 46 79 @a)
3 Ph(a) Ph n-BuNHz 77 47 66 4b)
4 Ph(a) Ph n-BuNH, 77 46 784b)
5 Ph(a) Ph BnNH, 70 72 6340
6 Ph(a) p-Me-CeHs BANH, 70 72 67 &d)
7 Ph(a p-Me-C¢H4 n-BuNH, 70 72 44 4¢
8 p-MeO—C¢H4 (1b) Ph n-BuNH, 75 69 53 4f)
9 0-CR—-C¢Hs(1c) Ph n-BuNH, 75 66 8549

2,3-allenols, the hydroxyl group can be considered as a chelating

group; with the addition of external nucleophiles such as amines,

amino alcohols with special structural features can be synthesized
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anstead of BN, EL,NH was also used as the solveh® equiv of
Et,NH was used® 11 equiv was used.

conveniently providing that the following two formidable chal-
lenges can be tackled: (1) the control of regioselectivity of
nucleophilic substitution reacti8rin the presence of both the
chelating hydroxyl group and the substitutent at the 1-position
of 2,3-allenols and (2) the control of stereoselectivity iraawclic
environment (Scheme 1).

After some trial and error, it was observed that the PdgRPh
catalyzed reaction of 1-phenyl-2,3-butadieria)(and Phl in Ef-
NH under reflux for 48 h afforded 2\(N-diethylamino)-1,3-
diphenyl-3-butenol 4a) in 82% vyield (entry 1, Table 1). The
reaction can also be carried out with,[BH (2.0 equiv) using
EtN as the solvent to affordain 79% yield (entry 2, Table 1).
Similar reaction with primary amines, i.en-butylamine and
benzylamine, affordedtb and 4c in 78% and 63% yields,
respectively (entries 4 and 5, Table 1). The relative configurations
of the two chiral centers id were determined by convertirdh
to 6b with triphosgene (eq 1). The NOE experimentbfrevealed

o}
i A
CiHgHN H ©
\ H CCo” Noccl;  CaHaN HQ
= b T \/_\ M

P aq NaOH (2 Ny :Q Ph

THF. /. 71% Ph

4b overnight 8b

that the relative configuration idb is (1R*,2S*). The'H NMR
spectra of the crude reaction mixture indicated that both the
regio+%and stereoselectivity are extremely high, i.e., oty
was formed.

(9) For the reaction aofr-allyl palladium with amines, see: Blart, E.; Gent,
J. P.; Safi, M.; Savignac, M.; Sinou, Oetrahedron1994 50, 505. For a
review, see: Johannsen, M.; Jorgensen, KCAem. Re. 1998 98, 1689.
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Even the corresponding reaction of 1-phenyl-2,3-propadienyl
methyl etherla, which can be viewed as the hydroxy group in
la was protected as the methoxy group, with Phl and BaNH
still afforded the corresponding-aminomethoxidé& highly regio-
and stereoselectively (eq 2).

BnHN_H
5 mol% Pd(PPha), 3
o =
EtsN, 74 °C, 47 h o
83% 7

OMe
fWH

@)

===+ Phit BaNH
—Ph 2 Ph

MeO
ia

1.5 equiv

With this protocol in hand, optically enriched 2-amino alcohols
4c and4d'? were synthesized by starting frorR)¢1-phenyl-2,3-
butadienol (98% ee) (Scheme 2)4
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Furthermore, it is interesting to observe that when the phenyl

group was replaced with thebutyl group, 4-amino-X)-alken-
1-ol 5b was obtained, indicating a completely different regiose-
lectivity’* and high stereoselectivity (entry 1, Table 2). This

Table 2. Pd(0)-Catalyzed Reaction of 1-Alkyl or
Alkenyl-2,3-allenols and Aryl lodides

5 mol%

= , Pd(PPha) RS H
Rt R RRINH g RN, =L R
1 Mo z 1.5 equiv ’ ﬁ

temp time yield of
entry 1R 2R? 3 (°C) (h) 5 (%)
1 n-CiHs (1€ Ph BnNH, 77 45 92Bb)
2 n-CgHir(1f) Ph BANH, 70 72 726c)
3 n-CgHy7(1f) Ph n-BuNH, 70 72 576d)
4 n-CgHi7(1f) p-Me-CeHs BnNH, 70 72 7866
5 cyclohexyl (Lg) Ph BnNH. 74 47 4556f)
6 E—1-propenyl Lth) Ph BnNH 75 67 58060)

regioselectivity seems applicable to 1-primary alkyl (entrieg 1
Table 2)-, 1-secondary alkyl (entry 5, Table 2), and 1-alkenyl
(entry 6, Table 2)-substituted 2,3-allenols. Both 1-alkenyl iodides
(entry 3, Table 2) and differently substituted aryl iodides (entries
1-2 and 4-6, Table 2) can be used.

The corresponding reaction &f, which can be viewed as the
CgHi7 group in 1f being replaced by an electron-withdrawing
perfluoroalkyl GF;7 group, with Phl and BnNkaffordedy-amino
alcohol5i with the same regioselectivity in 87% yield, indicating
that the switch of the electronic property of thesubstituent does
not change the regiochemical outcome (eq 3).

(20) For the reaction of vinylic oxiranes with phthalimide with a 16:1 1,2-/
1,4-selectivity, see: Trost, B. M.; Bunt, R. C.; Lemoine, R. C.; Calkins, T. L.
J. Am Chem. So@00Q 122, 5968. The corresponding reactions with other
nucleophiles occurred in a 1,4-manner, see ref 1b.

(11) For Ru-catalyzed reaction of vinyl oxiranes with amines, see: Fagnou,
K.; Lautens, M.Org. Lett.200Q 2, 2319. Here withalkyl groupsthe reaction
afforded1,2-amino alcohols

(12) Percent ee was determined by HPLC with a CHIRALPAK OD or AS
column @ 0.46 cmx 25 cm from Daicel Chemical Ind., Ltd.). The ee values
of both the crude and the purifiett were kept constant.

(13) Aoyagi, S.; Wang, T. C.; Kibayashi, Cl. Am. Chem. Soc.
1993 115 11393.

(14) CrabbeP.; Fillion, H.; Andre D.; Luche, J.-L.J. Chem. Soc., Chem.
Commun1979 859. CrabbeP.; Nassim, B.; Robert-Lopes, M.-Drg. Synth.
1985 63, 203.

(15) The configuration of the €C double bonds i was determined by
the NOE experiment obb.
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5 mol% Ph H
= Pd(PPh3); BnHN. >=={__CgF17n (3)
= CaFn T PN BNy —Z g e Q—Q&

1 HO 15equiv 36h, 87% 5

The synthetic potentials were demonstrated by the efficient
preparation of the optically enriched 4-amind=pélken-1-ols (S)-
5c and (S)5e from (S)-1,2-dodecadien-3#81¢ without obvious
loss of enantiopurities (Scheme 3).
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A rational was provided based on a combination of steric effect
and stereoelectronic effect (Scheme 4). In the most favored
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s-allylpalladium intermediat®, when R = aryl, Ar? should be

in a position remote from Aras shown in Scheme 4 to avoid the
steric repulsion of two aryl groups. An amine attacks the
m-allylpalladium moiety of 8 from the front side, and the
a-selectivity may be caused by the electronic stabilization of the
positively charged ammonium intermediate by the delocalized
st-orbits of the aryl groupd; when R = alkyl or 1-alkenyl, the
y-selectivity was determined by the steric effect of teesub-
stituent.

In conclusion, we have observed the unique regioselectivity
controlability of the 1-substituent in 2,3-dienols. The regio- and
diastereoselectivities are rationalized in terms of steric and
stereoelectronic effects. Although the mechanism for the novel
regioselectivity is not very clear yet at the present stage, this
reaction provides efficient entries to 2- or 4-amino alkenols with
high regio- and stereoselectivity. With the ready availiblity of
different types of nucleophiles, this observation opens up a new
area for the highly regio- and stereoselective synthesis of
functionalized alkenols. Further studies on the scope of this
reaction and the factors controlling the selectivity are being carried
out in our laboratory.
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