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THE REACTION OF & 8-FPOXYSILANES WITH METALLATED ALKYLARYL SULPHONES.
A NOVEL APPROACH TO ALLYLIC ALCOHOLS
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Institute of Organic Chemistry, Polish Academy of Sciences
01-224 Warsaw, Kasprzaka 44, Poland

Summary: Lithiated alkylaryl sulphones (2a-c) react with a,B-epoxysilane (1) to yield O-tri-
methylsilyl allylic alcohols (3a-c), predominantly as Z isomers. The BF3—assisted reaction
followed by treatment of the adduct with nBu,NF affords allylic alcohols.

Thé?methodology for constructing the allylic alcohol moiety from saturated precursors
has attracted a great deal of attention, particularly inconnection with the synthesis of na-
tural products such as prostaglandins, pheromones and macrolidesl, Recently, a procedure has
been developed in our laboratory for preparation of allylic alcohols, starting from addition
of an alkylaryl sulphone to an oxirane and involving some additional transformationsz. It
occurred to us that the use of a sulphone and an oxirane, the latter having at its electro-
philic centre a substituent (such as the trialkylsilyl group) capable of migration from car-
bon to oxygen, would provide a direct approach to allylic alcohols. This concept is illustra-
ted in Scheme 1, route A, where Y = leaving group, X = group capable of migration from C to
0, and M = metal., Alternatively, X could be a group with an affinity to the external ion Z~
(route B) which would initiate elimination of substituents X and Y. Now, we report a practi-
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cal realization of the reaction according to the above general scheme for the case when Y =
phenylsulpkonyl group, X = trimethylsilyl group, and M = lithium, this representing the re-
action of alkylphenyl sulphones witho,B-epoxysilane. Both reaction components are readily
available3, The selectivity of nucleophilic attack on the carbon atom bearing the silicon
substituent in a,B-epoxysilanes is well documented4,

The treatment of g,R-epoxysilane l? with lithium derivative of sulphone 2a (2 equiva-
lents), in a tetrahydrofuran (THF) solution, with the temperature rising from -78° to 20°C,
resulted in complete consumption of oxirane and gave 3-(trimethylsilyloxy)hept-l-ene 3a as
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the only product (Table 1). Under the analogous conditions, the reaction of sulphone 2b with
epoxysilane 1 afforded quantitatively 4-(trimethylsilyloxy)-oct-2-ene 3b as a mixture of E
and Z isomers at the 15:85 ratio., The reaction of 1 with lithiated n-butylphenyl sulphone 2c
furnished 6-(trimethylsilyloxy)-dec-4-ene 3c as a pure isomer Z, Since the E isomer of 3c
could not be detected by GLC and NMR, we estimate that the product is at least 95% isomeric-
ally pure.

Silyl ethers 3a, 3b and 3¢ were hydrolyzed upon heating in a methanol solution with tra-
ces of perchloric acid. Alcohols 4a, 4b and 4c were isolated, respectively, and their struc-

tures were confirmed by NMR and mass spectra. The results are compiled in Table 1,
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Table 1. Reactions of sulphones with oxirane 1 according to Scheme 2 t
rl,R2 Sulphone Silyl ethers Allylic alcohols
YieldZ E:Z Ratio
1 H,H 2a 3a quant,.?2 _— 4a
2 H ,Me 2b 3b quant.®| 15:85 4b
3| H,Pr| 2¢ 3c 70b.C 9522 4e

Reactions were performed on a 1-2 mmol scale; yields are calculated against
oxirane;a) determined by GLC; b) isolated product; c) yields not optimalized

The above examples of alkenylation via the reaction of sulphones with a representative

a,B-epoxysilane are most encouraging because of their efficiency and preparative simplicity.

The high selectivity regarding Z isomers is an additional and important asset. It was of inte-
rest to examine some sterically hindered, less reactive sulphones. In the light of previous
experience with the reaction of such sulphones with oxiranes?s7 we were conscious that the re-
action might fail to afford the required products. Indeed, the lithium derivative of isobu-
tylphenyl sulphone (2d) did not react with epoxysilane 1 under the conditions indicated in
Scheme 2, Therefore, we had to resort to the Lewis-acid-assisted reaction8 and we started by
using the investigated sulphones 2a and 2b.

When lithiated sulphone 2a in a THF solution, at -20°C, was treated with epoxysilane 1
(0.5 equivalent) and BF3 Et,0 (1 equivalent) a single product was formed rapidly. After chro-
matography, the adduct 5a was isolated in 90% yield (Scheme 3, Table 2). The 1y wr spectrum
indicated that 5a consisted of one diastereomer, as expected for the addition with inversion
of configuration at C;. The adduct 5a was treated with nBuyNF 3H,0 in a THF solution to yield
quantitatively allylic alcohol 4a. In further experiments, the adducts were - after water
workup and drying, without any purification - reacted with nBu,NF 3H;0 in THF to give allylic
alcohols., The results are compiled in Table 2.

Starting from ethylphenyl sulphone 2b and silyloxirane 1, upon use of BFj-assisted reac-
tion followed by treatment of the adduct with fluoride, allylic alcohol 4b was obtained. In

contrast to the noncatalyzed reaction, this product consisted of a mixture of E and Z isomers
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in almost equal amounts (Table 2, Entry 2). Reactions of sulphones 2d, 2e and 2f with oxirane
1 followed by treatment of the adducts with nBu,NF 3H,0 gave alcohols 4d, de and 4f, respecti-
vely (Table 2). Similarly as in case of 2d, lithiated sulphones 2e and 2f did not react with

epoxysilane 1 in the absence of BF,.

Scheme 3
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Table 2. Reactions of sulphones with oxirane 1 according to Scheme 3

Rl g2 Sulphone Adduct Allylic alcohol

YieldZ Yield % | E:Z Ratio

1| H,i | 2a 5a 90° 4a 1002 —
b

_ 50
2| H ,Me | 2 5b 70P 4b 67 |3
3| H, iPr| 2d 5d d 4d 66° 3:2
%] H, Ph | 2e Se d 4e 88 2 :
5| Me,Me | 2f 5f 48° 4f sl | -

a,b,c - for explanations, see Table 1; d) product not isolated

In order to get insight into the steric course of the BF3—assisted reaction, the follow-
ing experiments were carried out. (a) The adduct 5b in a THF solution was treated with nBuLi
(1.2 M, in hexane, 1 equivalent), whereupon the product (a silyl ether) was heated in a metha-
nol solution with a trace of perchloric acid. Allylic alcohol 4b was obtained as a mixture
of isomers E and Z at ca. 3:2 ratio. (b) The adduct Sb was isolated and analyzed by TLC. It
was found that it consists of two isomers (3:2) which were subsequently resolved by column
chromatography, The NMR spectra confirmed the purity of these isomers (5b’ and 5b’’). We con-
clude that formation of a mixture of epimers of adduct 5b at the carbon atom bearing the sul-
phonyl group is responsible for the low selectivity in formation of double bond isomers 4bE
and 4bZ.

The preference in formation of Z isomers of alkenes in the noncatalyzed reaction deser-

ves a comment. It appears reasonable to assume that the phenylsulphonyl group is eliminated
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in the adduct when the C-Si and C—SO2 bonds are in anti-periplanar alignment. In this case
upon addition of the anion and oxirane, epimer A would be formed in an excess, whereas the



2500

unbonding interactions are weakest in epimer B (Fig. 1).

In the BF3—assisted reaction, the formation of a complex including lithiated sulphone,
oxirane and BF3 is like;y to be the rate-determining step. Reorganization of bonds within the
complex could be relatively fast process devoid of sterical bias.

Further investigations on the reactions of heteroatom-stabilized carbanions with oxira-
nes substituted with groups capable of migration from carbon to oxygen are in progress at
this laboratory.
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Diagnostic 14 NMR data (Bruker AM 500) for representative compounds: 4a, § (ppm) 5.86 (d,d,d,
H, Ji= 6.2 Hz, J2= 10.3 Hz, J3= 17.2 Hz, Co-H); 5.23 (dt, 1H, J1= 17.2 Hz, J2= 1.4 Hz, Cl-H ’

5.11(dg, 1H, J;= 10.3 Hz, J,= 1.2 Hz, C;-H,), 4.10 (br q, 1H, J= 6.2 Hz, Co-H); 4b ES (ppm)
5.65 (d,q,d, 1H, J;= 15.3 Hz, J,= 6.5 Hz, Jy= 0.3 Hz, C,-H), 5.48 (d,d,q, 1H, J = 15.3 Hz, J
=7.2 Hz, Jy= 1.5 Hz, Cy-H), 4.02 (br q, 1H, J= 6.7 Hz, C,~H); 4b Z & (ppm) 5.55 (d,q.d, IH,
Jj= 10.9 Hz, J,= 6.9 Hz, J= 1.0 Hz, C,-H), 5.40(d,d,q, 1H, J;=10.9 Hz, J,= 8.8 Hz, Jg= 1.7
Hz, C,-H), 4.47 (d,t,d, 1H, J;=8.7 Hz, J,= 6.6 Hz, J,= 0.9 Hz, C,~H); 5a 6§ (ppm) 3.69 (m, 1H,
Cy-H), 3.50 (d,d, IH, Jy= 14.4 Hz, J,= 8.0 Hz, C,-Ha), 3.02(d,d, 1H, J;= 14.4 Hz, J,= 2.7 Hz,
C,-Hb); 0.03 (s, 9H, SiCH,); 5b’ & (ppm) 3.55 (q,d, 1H, Ji= 7.1 Hz, J,= 1.6 Hz, C,~H), 1.41

(d, 34, J= 7.1 Hz, C;-H), 0.20 (s, 9H, SiCHy); Sb’* & (ppm) 3.86 (m, 1H, C,-H), 3.42(q, lH,
J= 7.2 Hz, Cp-H), 1.39(d, 3H, J= 7.3 Hz, C;-H), 0.09 (s, 9, SiCH,).
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