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Abstract: The deoxygenation of secondary alcohols via thionoesters with the use of 5,10-dihydro-
silanthrene as the radical reducing agent has been studied in detail. The ability of hydrogen donation of
this silane has been measured using the one-carbon ring expansion of 1-(2-oxocyclopentyl)ethyl radical
as a timing device.

The Barton-McCombie reaction, first reported 20 years ago,? has been established as the method of
choice for the deoxygenation of secondary alcohols in organic synthesis (eq. 1). Although tin hydrides were
initially used as hydrogen donors in this mild free radical process,? there have been research efforts, especially
during the last five years, to replace the fetid, toxic, and chromatographically incommodious tri-n-butyltin
hydride with other sources of hydrogen radical donors.*
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Tris(trimethylsilyl)silane has proven a valuable alternative to tin hydrides also in the Barton-McCombie
reaction.45 Other silanes such as triethyl6, phenyl’, diphenyl® and triphenylsilane9 have been used for the
radical deoxygenation of alcohols but in these cases more drastic conditions are required due to the lower
hydrogen donation abilities of these hydrides relative to (TMS)3SiH.410 The higher bond strengths result in
shorter radical chains that become synthetically useful only at higher temperatures (125-140 °C), with a large
excess of reagents and/or stoichiometric amounts of initiators.

5,10-Dihydro-silanthrenes 1a and 1b were recently introduced by Oba and Nishiyamall as radical
reducing agents and were successfully applied to the Barton-McCombie methodology. Continuing our
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work directed towards the discovery of efficient hydrogen radical donors,*3 we had been working on the
unsubstituted analogue (2)12 when this communication appeared, and we now wish to report our results related
to the reductive ability of 5,10-dihydro-silanthrene (2).

In order to test the reducing abilities of silane 2, a variety of thiono esters of cyclododecyl alcohol, i.e.
compounds 3a-3d,!3 were prepared. An n-nonane solution containing a thiono ester derivative 3 (0.2 M), 1.5
equiv. of silane 2 and AIBN(10%) as a radical initiator was heated for 2h at 80°C (the standard experimental
conditions also used for (TMS)3S8iH and Bu3SnH) and was consequently analysed by GC. Yields were
quantified by using an internal standard (n-undecane) and are reported in Table 1. Phenyl thionocarbonate 3a
gave an excellent yield, but surprisingly, incomplete conversions and lower yields were observed with the
corresponding xanthate, thiocarbonyl imidazolide and N-phenyl thioxocarbamate. The reduction of 3a in either
aromatic solvents or at room temperature using triethylborane/O; as the radical initiator is still an efficient
process. In all other cases, improved yields were observed by running the reaction in toluene (Table 1).
However, all subsequent attempts to optimize the experimental conditions (e.g., higher temperatures,
stoichiometric amounts of initiator, excess hydride) did not provide any significant amelioration. These results
could suggest that with substrates other than phenyl thionocarbonates there is a build-up of an inhibitory species
as the reaction progresses. This hypothesis was further corroborated by competition experiments which
showed that phenyl thionocarbonate 3a is not converted completely to the corresponding deoxygenated product
3e, in the presence of 3b or 3c. The nature of the postulated inhibitor [currently believed to be of the general
structure ZC(O)SH] and the mechanism of its formation is currently under investigation.

Table 1. Reduction of some organic derivatives by silane 22

substrate  product yield,b< % Substrate product yield,d %
3a 3e 99 (96) 4a 4b 91

3b 3e 65 (70) 5a 5b 85

3¢ 3e 20 (46) 6a 6b 96

3d 3e 23 (32)

4 Experimental conditions: starting concentration of substrate was 0.2M; 1.5 equiv. of silane 2; AIBN (10%);
2h at 80°C. b GC yields. © Reaction performed in nonane (toluene). dIsolated yields.

The efficiency of the deoxygenation reaction via the phenyl thionocarbonates was further tested with
compounds 4a, 5a, and 6a.14 The isolated yields are also reported in Table 1.
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In order to quantify the observed reactivity of 2 and to provide a rate constant for H atom abstraction
from this silane by an alkyl radical, we utilized a free-radical clock!S devised and calibrated in our laboratory.16
This indirect competition method is outlined in Scheme 1 and under pseudo-first order conditions follows the

relation:

[8V/[9] = 1/Keq + knfka[R3SiH] @

The quantities of 8 and 9 were obtained by GC analysis, following the thermally initiated reaction, and by using
an internal standard. The ratio [8]/[9] varied in the expected manner with a change in the silane concentration.
The mean value of kpy/kg = 2.46 at 100°C was obtained from 4 different silane concentrations according to eq. 2.
At the same temperature for (TMS)3SiH a value of kp/kq=5.78 has been measured,16 which indicates that the
ky for (TMS)3SiH is 2.35 times faster than the kg for 2. Taking ky=6.0x105 M-1s-1 at 100°C for
(TMS)3SiH,17 we calculated kyg=2.6x105 M-1s-1 at the same temperature for 2.

Scheme 1
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The rate constant for the reaction of primary alkyl radicals with PhySiHj is known to be 5.6x104 M-1s-1
at 110 °C.18 Furthermore, taking into account the statistical number of hydrogens abstracted the rate constant
values of 2.8x104 M-1s-! for primary alkyl radical with PhpSiHj and 6.4x 104 M-1s-1 for secondary alkyl radical
with 2 (relative rates per H atom) are obtained. The reason for this increase in the reactivity of 2 when
compared with the structurally related PhySiHj (even for a less reactive alkyl radical)!? is unknown. An extra
stabilization of the silyl radical, induced either by a transannular interaction of the vicinal Si substituent in 2 or
by flattening the radical center due to the ring constraint, may be responsible for the observed results.

In summary we have shown that 2 is a synthetically useful reagent for the radical deoxygenation of
phenyl thionocarbonates, and that it exhibits a remarkable reactivity when compared with the related
diphenylsilane, which allows it to support long radical chains and react under mild conditions. The particular
spectrum of reactivity exhibited by this silane is currently under investigation.
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