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Abstract: Allylic diphenylphosphine oxides (7) undergo stereoselecuve 1.3-dipolar cyclonddiions with il

€
oxides 1 give A2

~wsoxazolines (8) These may be reduced. also stereoselectively, 1o 8-amino-f-hydroxyaikyl-

diphenyiphosphine oxides (9 Stereospecific Wattig-Horner type elimination of PhaPO2™ from amino alcokhols %)

gives homoallylic amsnes (10} with controlied double bond geometry

Homoallylic amines have been made by several sualeges. For simple compounds such as (1, R =H or
Me) azide displacement of an arene sulphonate and subsequent reduction are successful 1 More recently, attack
of an allyl metal on imines (2) has been used to make homoallyhic amines {3).2 This approach can be very
sterecselective when one of R1, R2, or R3 15 chural, but gives no control over double bond geometry. A related
approach 1s the attack of alleny! metals (4) on 1mines (2),3 which has the same drawback A third strategy 15 10
react a 3-aminopropyl phosphonium yhd (5) with an aldehyde. This method gives mixtures of geometnc
1somers of homoallylic amines (6) in which the Z-1somer predominates.
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We used this Witig strategy> when making allylic amnes from 2-aminoethyldiphenylphosphine oxides.
The double bond was created by standard Wittig-Horner chemisty. the attack of a diphenylphosphinoyi-
stabilised amon on a symmetnical ketone and elimination of PhoPO;~. The present work creates the necessary
P-C-C-O urut in a different way. The oxygen 1s introduced in a masked form, as the isoxazoline (8) Reducuon
then reveals the OH group in the amumno alcohol (%), and PhpPOy~ elimination gives the homoallylic anunes
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(10). Sakurai and co-workers have used a similar cycloadditive approach, based on 1,3-dipolar cycloaddition

to allylic silanes.6

OH NH,

PhZPY\ — th NRZ —- thP\H\)\RZ —— W

R’ (7) (10)

Allylic diphenylphosphine oxides (7) are readily available from allylic alcohols (R! = alkyl)? or acetals
(R! = alkoxy).8 They undergo 1,3-dipolar cycloadditions with nitrile oxides in the expected regiochemical
sense? to give 3,5-disubstituted Al-isoxazolines (8). The reaction is slow, needing days or weeks to reach
completion, but is dramatically accelerated by ultrasound: the reaction may then be complete within a few
hours.10 When R! was H, primary alky! or alkoxy, yields were moderate to excellent (see Table 1). The best
nitrile oxide was benzonitrile oxide, i.e. R? = Ph. Alkyl nitrile oxides did not react with hindered alkenes (7; Rl
= Prh or Bul), and very hindered alkenes (7, R! = Pri or cyclopentyl) did not react even with benzonirile oxide.
The reaction was stereoselective, with diastereomer ratios ranging from 3.0:1 to 5.1:1, Anzi-8 was the major
product,11 which is consistent with Houk's transition state model for nitrile oxide cycloadditions!2 when PhoPO
is in the least sterically demanding 'anti' position. In almost every case, the diastereomers were readily

separable by column chromatography.
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Table 1: Nitrile Oxide Cycloadditions to Allylic Phosphine Oxides (7)

Rl H |H [ Me | Me Me Me | Me | P [Bul [MeO |EBO |EO
R2 P | Ph Me Py n-Hx2 Ph COEt Ph Ph Ph pn Ph
Yield/% 9 | 39 10 86 95 93 44b 73 35 66 63 63
Recovered 7 18 88 63¢ 8 32
Ratiod - - 25:1 4:1 3:1 4.3:1 4:1 5.1:1 {51 {3.3:1 [2.5:1 {41
an.Hexyl  YDiastereomers could not be separated ¢Not recrystallised danti-8.s5yn-8

Careful choice of reducing agent is necessary for the reduction of isoxazolines (8) to amino alcohols (9).
We found that the nickel chloride/sodium borohydride systern of Annunziata et a/!3 worked well, the reduction
being very soon complete even at —30°C. Yields were good to excellent (see Tables 2 and 3). The two
stereocentres already present in isoxazoline (8) are not affected by the reduction, but the stereoselectivity in the
creation of the third centre is sometimes low. A variety of metals, including Ti, Co, Pd, Pt, and Ce, was tried in
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an effort to improve the stereoselectivity of the reduction, but none worked better than Ni. The stereochemistry
of the new centre relative to the other two has been determined 1 only one case,! as the diastereomers of (9a),
and also of (9s), are often hard to separate by colum chromatography This is not important, however, as the

two pre-existing chiral centres are sacrificed in a stereoselective manner to make the double bond, and the final
product (10) has only one chiral centre

A Y

o o NiCl;.6H;0 O OH HH,

thpan NaBH4 PhZPY-\Aﬂz
n
R1

wieun ﬁ1
(anti-8) =30° C (9a)
Table 2: Reduction of the Isoxazolines Anti-8
Rl Me Me P Bu! EO EtO
R? prh Ph Ph Ph Pr® | Ph
Yield/% 79 84 94 68 97 98
Ratio 451 J121 5.1 31 351 11
o o-N NiCl;.6H,0 O OH RH,
thp\_/k)\nz NaBH, thp\./'\)\Rz
1 MeOH r!”
(syn-8) -30° C (9s)
Table 3. Reduction of the Isoxazolines Syn-8
[ R Me | Me |Bw | H | H |
R2 Pro Ph Ph Prn Ph
Yield/% 95 86 89 90 76
Ratio 21 |21 |21 {usa {251 |

The 8-amino-B-hydroxydiphenylphosphine oxides (9) may be converted into homoallyhic amunes (10)
of known double bond geometry by our standard conditions of NaH 1n DMF.5.15 The stereospecific eliminanon
means that the double bond geometry 15 controlled by the stereochemistry of the onginal cycloaddinon Thus
alcohols {(9a) give E-alkenes and alcohols (9s) give Z-alkenes The amuines were isolated as their hydro-

chlonides, 10 yields of 45 w0 84%, e.g, (E-10, R1=Me. R2=Ph) 81%; (Z-10,R1=Me, R2=Ph) 74%

O OH N NH,CI
pth\'/E\/\Rz 1. Na / FJT\JFJ‘ R1NR2
2, HC)

(E. 1M
LE-10)

In summary, we have developed a short, moderately stereoselective route to homoallylic amines (10) of
defined double bond geometry, the two 1somers being formed quite separately. The E 1somer 1s the major
product by this route, which therefore complements that of De Castro Dantas, Laval, and Lattes 4
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