Tetrahedron Letters No. 31, pp 2909 ~ 2912, 0040-403%9/79/0729-2909802,00/0
©Pergamon Press Ltd. 1979. Printed in Great Britaain.

STEREOCHEMICAL STUDIES ON THE NUCLEOPHILIC SUBSTITUTION
IN THE REACTION OF ALLYL PHOSPHATES WITH ORGANOALUMINIUM REAGENTS
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Abstract: The reaction of eis- or trans-5-isopropenyl-2-methyl-2-cyclohexenyl diethyl
phosphate {I) with MeoAlX (X = OPh, SPh, NHPh) in hexane results in substitution of the
-0-PO{0OEt)2 group with X under predominant inversion. The solvent effects on the stereo-
chemistry in these reactions have been disclosed.

Much attention has been paid to the conversion of esters to RCOX by means of R2A1X
(X = NR]RZ,] SR,2 SeR3). Few examp]es4 are known, however, for the nucleophilic substitution
of this type on a saturated carbon. We wish to report the stereochemistry of the reaction
between allyl phosphate and Me2A1X in various solvents and to discuss the possible reaction
mechanism.

Treatment of eis-1° or tmns-I6 with a heterogeneous white suspension of Me,AlX (2 equiv)
in hexane at 0 °C for 2 h resulted in formation of substitution products II in good yie]ds,8
as summarized in Table I. Substitution occurred almost exclusively with inversion. Possibly,
the high stereoselectivity is explained as follows. The organoaluminium reagent is coordi-
nated first on the P=0 oxygen of allyl phosphate and an aggregated complex depicted below is
formed. Elastic collisions of hexane molecules can separate both ions to some extent and
induce the intermolecular transfer of X under inversion.
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eis-1 a = O-PO(OEt)Z, b = H(D) eis-11a, b, ¢ trans-1la, b, ¢
trans-1 a =H, b = O-PO(OEt)Z a:X = OPh, b:X = SPh, c:X = NHPh

Table I. Reaction of cis-I or trans-I with Me,AlX in hexane?

Reagent Product II
Substrate X Yield (5)°  eis (9)° trans (%)
eis-1 OPh 80 2 98 (84/16)
eis-1 SPh 92 3 97 (60/40)
cts-1 NHPh 70 12 88 (76/24)
trans-1 OPh 86 89 (90/10) 1
trans-1 SPh 94 90 (76/24) 10
trans-1 NHPh 87 99 (82/18) 1

a. These data are averages of at least three independent experiments.

b. Isolated by chromatography on silica gel and adequately characterized
by analytical and spectral data.8 The isolated yields refer to the
isomeric mixtures.

¢. Isomeric composition was determined by glpc. PEG 20M 10% on Celite
545, 2 m, 195 °C (X = OPh), 205 °C (X = SPh), 215 °C (X = NHPh). The
data in parentheses indicate a/y ratio for the predominant isomer
which was determined by NMR spectra of deuterium labelled products.

A priori, substitution can occur at either end of the allylic system to give an un-
rearranged, o attack product (SNZ) or the enantiomeric, rearranged, vy attack product (SNZ').
In order to determine the o/y ratio, the reactions of a-deuterio-cis-I or trans-Ig with
Me2A1X were examined]0 (see Table I and II). Obviously, o attack predominated in every case

Solvent effect on the reaction between o-deuterio-cis-1 and Me2A10Ph was studied and
the results were shown in Table II. The pronounced stereochemical outcome of the reaction
must be related to the nature of an ion pair. As the solvent polarity increases, the ion
pair should be more separated. The more the cation becomes free, the more the fraction of
SNi or SNi' reaction should be increased at the expense of that of SNZ. Actually, the
retention product was predominant in tetrahydrofuran.
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Table II. Solvent effect on the substitution
Solvent Yield (%)@ trans (o/Y) ete (/)
hexane 80 (84/16) 2
CHZC]2 70 (74/26) (71/29)
Et20 79 87 (75/25) (77/23)
DME 82 (63/37) 3 (63/37)
THF 91 (60/40) (63/37)

a. Isolated as mixtures of trans and cis isomers.

The SN2 type reaction with organoaluminium reagents in hexane was observed with a
prosaic secondary mesylate as well. Treatment of 2-octyl mesylate ([a}BO + 9.1° (neat))
derived from (S)-(+)-2-octanol ([u]%o + 9.9° (neat)) with 2 equiv. of Me2A1SR]] in hexane
gave corresponding products with inversion of the configuration. The products were reduced
(L1A1H4]2 for thiolester, Na in liq. NH3 DME.I3 for S- CHZPh) to 2-octanethiol to determine
the optical purities (Table III). 14
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Table III. Reaction of 2-octyl mesylate with Me2A1SR
Reaction Yield of [0180 of 11T [alRP of 1va
R Cond. 111 (%) in benzene in abs. EtOH
COCH, 0°C 2h 86 +6.0° (c 1.5) -30.8° (c 1.2)
CHpPh 25 °C 25 h 59 -16.5° (c 1.7) -32.2° (c 1.1)

a. [a]%3 -32.8° (c 1.48, abs. EtOH) has been reported for the optically pure
(R)-(-)-2-octanethiol. 2
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