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Abstract: Reactions of unsubstituted and 2-substituted allyl phenyl sulfides with tris(trimethyl-
silyl)silane provide the corresponding allyl tris(trimethylsilyl)silanes rapidly and in high yields while the
related reactions with allyl phenyl sulfones occur more slowly and in moderate yields.
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Over the last decade Sy2' type reactions (also called B-fragmentation reactions) have become an important
radical method for the construction of functionalized molecules.! The key propagation steps for these radical
chain reactions involve the attack of a radical on a double bond followed by B-cleavage of a radical from the
allylic position. Radical allylations with allyl stannanes are among the most useful Sy2' reactions (eq 1)2 and
much attention has recently been focused on the application of 2-substituted allyl stannanes.3 Allyl stannanes
with C-2 substituents like Me,3afhi CO,EL3fi CONHBu3b CN,3¢ Cl3c SiMes,3dbi SO,Ph3 and
SnMes3,38 have been synthesized and used in these reactions.

2 .
RX + 1/\3/ SHBU3 imuator R\/\ + Bu3SnX 1)

Based on the successful use of tris(trimethylsilyl)silane as an alternative to BusSnH for the majority of
its reactions,* it is reasonable to suggest that allyl tris(trimethylsilyl)silanes might be capable of sustaining
radical chain reactions analogous to those of allyl stannanes.5 In this paper, we describe the synthesis of allyl
and 2-functionalized allyl tris(trimethylsilyl)silanes using the Sy2' methods (eq 2),¢ while in the following paper
the use of these silanes as radical-based allylating agents is reported.” The choice of Y = PhS or PhSO,
followed from the ease of the preparation of these compounds and the rapidity of B-elimination involving
benzenethiyl and benzenesulfonyl radicals.® The choice of Z = H, Me, CO3Et, CN, and Cl was based on the
availability of the corresponding halides which are either commercial products (Me, CO2EY) or readily prepared
(CN, Cl1).2¢

Z vA
(TMS),SiH  + ALY ntiator (TMS)3Si\/J\ + YH )

The 2-substituted allyl phenyl sulfides were allowed to react with (TMS)3SiH under standard free radical
conditions. In a typical experiment, the allylic substrate (0.2M), 1.0 - 1.5 equiv of (TMS)3SiH and o,«'~azo-
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Table 1. Reaction of a variety of allylic sulfides and allylic sulfones with (TMS),SiH

Reagent®  (TMS),SiH /time®  Yield®% Reagent? (TMS),SiH / time®  Yield %
A~-SPh 1Sequiv/60min 92 (98) A~S0Ph 30equiv/200min g8
Me Me
AA_SPh  15equiv/80min  84(90) A_SOPh  30equiv/200min 79
c a
A SPh  15equiv/75min 80 (93) A SOPh  30equiv/i80min 45
CN CN
A_SPh  10equiv/ISmin 82 (96) _SOPh  30equiv/60min g
CO,Et CO,Et
A_SPh  10equiv/25min 79 (97) A_SOPh  30equiv/60min 77

%).2 M in benzene. "Conditions: AIBN (10 mol %) at 80 °C. “Isolated yields; In parenthesis NMR yields.
90.2 M in benzene-dg. “Conditions: Di-tert-butyl peroxide (10 mol %) at 140 °C. 'NMR yields.

isobutyronitrile (AIBN; 10 mol %) were refluxed in benzene. The consumption of the starting materials as well
as the appearance of products were followed by NMR or GC. The yields were first calculated on the crude
mixture (!H NMR using dibenzylether as internal standard), and workup with NaOH (1 N) followed by
column chromatography on silica gel gave the desired isolated product. Table 1 reports the reaction conditions
and product yields (NMR and isolated).® Reactions were rapid (15-80 min) and yields were high (80-98%).
For Z = H, Me, and Cl, 1.5 equiv of silane was necessary for the disappearance of starting sulfides.

The reactions of 2-substituted allyl phenyl sulfones with (TMS)3;SiH under similar conditions were
sluggish. The consumption of sulfones was 55-75% after ca. 3h, whereas the yields were 40-70% (based on
the conversion of starting materials). Longer reaction times did not improve the efficiency of these reactions.
The results of the best of several conditions that we investigated for the reaction of sulfones are also summarized
in Table 1 and correspond to 0.2 M of allylic substrate, 3.0 equiv of (TMS);SiH and di-fers-butyl peroxide (10
mol %) at 140 °C. Under these conditions, however, a variety of by-products were formed (GC analysis)
which rendered product isolation difficult. It has been shown that these by-products are derived from the
reaction of the initially formed benzenesulfinic acid with (TMS);SiH at 140 °C.10

The mechanism that we conceived for these reactions is outlined below (egs 3-5). Tris(trimethylsilyl)silyl
radicals, initially generated by small amounts of radical initiators, add to the double bond in a reversible manner
giving rise to a radical intermediate that undergoes B-scission to form a sulfur-centered radical. Hydrogen
abstraction from the silane completes the cycle of these chain reactions.!!
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(TMS);Sie  + Q\/Y —_— (IMS)Sin ALY ©))

z

Z
AMS)Sin ALY === OMS)SiA + Y @

Yo +  (TMS)SiH

YH +  (TMS);Si 5

In the case of allyl phenyl sulfides, traces (1-2%) of (TMS)3SiSPh were observed for Z = H or Me,
whereas no such product was formed for Z = Cl, CN or CO;Et. We believe that these traces are significant and
suggest a competitive path via homolytic substitution at the sulfur (eq 6). This explanation is in agreement with
the behavior of silyl radicals* and suggests that for Z = H or Me the addition path is about two orders of
magnitude higher than for the substitution at sulfur, and that for the other substituents the addition is even
faster.

z
(TMS)Sis + _ SPh ;\ +  (TMS),SiSPh ©6)

There is strong evidence from EPR experiments!? that radicals of the type RS(O)OCH,CH,;* undergo -
elimination of sulfonyl group, i.e. RSO,* radical. Based on this finding, we tried to prepare a variety of 2-
substituted allyl p-tolylsulfinates by coupling the sulfinyl chloride with the appropriate alcohol (eq 7). For Z =
H, Cl the allylic alcohol gave the expected sulfinate in good yield. For Z = CN, CO,Et the reaction of alcohols
with p-methylbenzenesulfinyl chloride yielded sulfones instead of sulfinates. While [2,3]-sigmatropic
rearrangement of allylic sulfinates to sulfones is fairly common when heating at ca. 100 °C,!3 this appears to be
the first example to occur at ambient temperature and with electron withdrawing substituents at the C-2 position.
However, the reactions of the two sulfinates with (TMS);SiH at 80 °C were unsuccessful, whereas at 140 °C all
four allylic compounds behave similarly to the above reported 2-substituted allyl phenyl sulfones. It therefore
scems probable that the thermal 2,3-sigmatropic shift precedes the radical substitution. The reaction is valuable
because it allows the indirect radical substitution of an alcohol.

zZ Z
7 : A A
Z\/OH -Tol-S(0)Cl [2,3lc ¢))]
Ar—-§-0 - Ar—-$=0
(o) (6]
Z=H,Cl Z=CN, CO,Et
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