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Summary: Reductive tert-butylation of electronegatively substituted alkenes is readily achieved in Me2SO by
reaction with excess t-BuHgCi/Et3SiH. Reactivity studies indicate that towards t-Bu’ s-cis enones are more
reactive than the s-trans conformers.

Photolysis of -BuHgCl with CH2=CHP(O)(OEt)2 or CH,=CHSO2Ph in PhH forms the adducts #-
BuCH2CH(HgCD(EWG) by a radical chain mechanism.! Although a,B-unsaturated carbonyls fail to form these
adducts in PhH or Me2SO (e.g. CH2=CHCO2Et undergoes polymerization) many unsaturated ketones, esters,
lactones or amides which form 2°-enolyl radicals as intermediates, yield the reductive alkylation products (e.g., ¢
BuCH2CH2COR, -BuCH(CO2Et)CH2CO2Et, +-BuCH(CN)CH2CN) upon photolysis with #~-BuHgCI/KI in
Me2SO0 by the process of Scheme 1.23 The enolate anion formed by electron transfer from the ate-complex can
be protonated by traces of water in the solvent, by the use of protic cosolvents such as MeOH, or upon workup
with aq. Na3S203 to remove mercury compounds. However, 3°%-enolyl radicals are inefficiently reduced. Thus,
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ethyl methacrylate upon photolysis with 4 equiv. each of +-BuHgCl and KI in Me3SO yields a mixture of 1 and 2
(Table 1). Compound 2 apparently arises from disproportionation of the 3°-enolyl radical to form 1 and

+-BuCHGH(Me)CO,Et (+BuCHg)2CHCOEL
1 2

t-BuCH2C(=CH2)CO2Et which adds a second ¢-Bu"® to form a new 3°-enoly! radical converted to 2. Dimethyl
itaconate reacts in a similar fashion upon photolysis with 4 equiv. each of +-BuHgl and KI to form ¢-
BuCH2CH(CO2Me)CH2CO2Me and -BuCH2C(COsMe)=CHCO2Me. The adduct radical (z-
BuCH>C(CO,Me)CH2COsMe*) must undergo competing reduction and chain-terminating disproportionation
reactions. Since the adduct radical now contains an easily abstractable proton, the reaction in the presence of
DABCO leads to oxidative alkylation products via the radical anion +-BuCH2C(CO;Me)=CHCO»Me+— which
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Table 1. rer-Butylation products of ethyl methacrylate in Me,2SO at 35 °C.@

mercurial other reagent (equiv.) 1(%) 2(%)
tBuHgl . 10 10
£BuHgCl Kt (4) 18 13
+BuHgCI KI (4), DABCO (4) 19 10
+-BuHgCl Ki (8) 28 6
(+Bu)2Hg - 14 12
(t-Bu)2Hg Et3SiH (4) 18 13
(+Bu)zHg PhSiH3 (4) 35 4
+BuHgCl Et3SH (4) 90 -
£BuHgCl PhSH3 (4) 54 -

aFour equiv. of the mercurial with 0.05 M methacrylate; photolysis by a 275 W fluorescent sunlamp for 11 h.

readily transfers an electron to 7-BuHgl.3 Photolysis with 1 equiv. each of z-BuHgl and DABCO yields 56% of
-BuC(COaMe)=CHCO2Me and 6% of (-BuCH2CH(COsMe)CH(t-Bu)CO2Me. The di-ters-butylated product is
formed by attack of 7-Bu® upon the initially-formed oxidative alkylation product since with 4 equiv. each of ¢-
BuHg! and DABCO the final products arc r-BuCH2CH(CO2Me)CH(s-Bu)CO2Me (53%) and ¢-
BuCH=C(CO2Mc)CH(#-Bu)CO2Me (13%).

To obtain the reductive monoalkylation products in MeSO we have developed a technique employing
mixtures of -BuHgCl and Et3SiH, a system which efficiently alkylates ethyl methacrylate or dimethyl itaconate
in yields of 93 and 88%, respectively when using a 3-fold excess of both reagents.4 The reactions occur in ~10
h in the dark, are inhibited by (s-Bu)2NO" (the initial kinetic chain length for 0.1 M ethyl methacrylate is ~10),
form the cyclopentylcarbinyl product (52%) in the alkylation of ethyl acrylate with 5-hexenylmercury chloride,
and fail to occur in solvents such as CHzClz, THF or DMF. This reductive alkylation is similar to the Giese
technique employing NaBH4/OH-/CH2Cl; or Bu3SnH.5 Although the reactions are faster with Bu3SnH in
Me2SO or with NaBH4/OH- in CH2Cl2, the yields are often lower, particularly when the alkene is the limiting
reagent or has a low reactivity towards #-Bu®, se¢ Table 2.

Table 2. Reductive alkylation of ethyl methacrylate with r-BuHgX in Me2S0.8

X hydride conditions® 1(%)
a Bu3SnH hv, 10 min 45
Cl BuaSnH dark, 10 min 50
i BuaSnH hv, 10 min 87
| Bu3aSnH dark, 10 min 63
c EtaSiH dark, 11 h 93
Cl PhSiH3 dark,1h 54¢
cl NaBHg4 CH2Cl/NaOH, 20 min 60

0,25 mmol of methacrylate with 2 equiv. cach of -BuHgX and the hydride in 5 mL of Me2SO. ®Under N2
with deoxygenated solvent; hv, irradiation with a 275 W fluorescent sunlamp, ~35 °C; dark, 25 °C. “Reaction
complete as evidenced by the cessation of Hg® precipitation.
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Stannyl hydrides are known to react with RHgCl to form RHgH,6 and apparently hydrogen-halogen
exchange occurs with silanes in Me>SO solution, reaction 1. The consumption of the silane, which can be

EtgSiH + +BuHgCl ———= +BuHgH + EtgSICI —————> E13SIOSiEts (1)

followed by 1H NMR in Me2SO-dg in the absence of the alkene, is not influenced by sunlamp irradiation or by
the presence of 1-BuaNQ". As in the Giese process, RHgH serves as a free radical initiator and as a hydrogen
atom donor in the propagation step leading to the alkylation product. Because reaction 1 occurs slowly, only a
low steady state concentration of RHgH is formed. This is advantageous when the alkene is not used in excess
since it minimizes the trapping of R* by RHgH and maximizes the yield of the reductive alkylation product.
Giese had previously discounted the use of simple trialkylsilanes in such processes on the basis of their low
reactivity in hydrogen atom transfer.5> However Et3SiH clearly does not react in this manner in Me2SO. This
was demonstrated by an examination of the effect of silanes in reactions involving -Bu® generated by the
photolysis of (1-Bu)2Hg. Table 1 shows that Et3SiH is ineffective in trapping the adduct radical since the
disproportionation derived 1 and 2 are formed in the same ~1:1 ratio in the presence and absence of the silane.
With PhSiHj the data suggest that hydrogen atom transfer may be involved. With more reactive alkenes, (e.g.,
CH=C(CI)CO,Et) Et38iH or PhSiH3 and -BuHgCl give about the same yield (90-95%) of the reductive
alkylation product (in ~1 h for PhSiHj and ~12 h for Et3SiH). PhSiH3 apparently forms RHgH more rapidly
and thus creates a higher steady state concentration of RHgH. Trapping of -Bu* by RHgH is a serious limitation
when the alkene reacts slowly with r-Bu®. Thus, with CH=C(Me)CO2Et a much better yield of the reductive
tert-butylate on product is observed with Et3SiH.

The system t-BuHgCI/Et3SiH is a convenient one for measuring reactivities towards #-Bu® in Me2SO at 25
°C (Table 3). Competitive reactions of CHy=CHCO,Et, CHy=CHP(O)(OEt)2, CH2=CHSO;Ph and (E)-
PhCH=CHI (o yield (E)-PhCH=CHBu-1)7 give the relative reactivities of 80:20:100:1.0. Since the value of
kagd, of +-Bu” to CHa=CHP(O)(OEt); has been measured at 233 K.8 the absolute rate constant for attack of #-Bu*
upon (E)-PhCH=CHI at 25 °C can be estimated as between 5.0 x 103 and 2.6 x 10* L/mol-s based upon log A =
7.5+ 0.5, a value observed in the addition of 7-Bu" to a variety of 1-alkenes.?

Table 3. Reactivitics towards r-Bu*® at 25 °C in Me2SO relative to (E)-PhCH=CHI.

R CHp=C(R)CORE CHp=C(R)COPh CHp=C(R)CN
H 80+ 10 470+ 20 220+ 10
Me 50 + 10 70110 5545
Ph 31010 17510 -

ci 1300 + 200 700 + 100 950 + 50

The reactivities of the three series in Table 3 are controlled mainly by polar effects with the reactivity increasing
from R = Me < H < Cl for the nucleophilic #-Bu*.10 However, the relative reactivities of the ketones and esters
show a puzzling variation with the nature of R. We believe this reflects mainly a variation in the preferred
conformation of the enones where CH»=CHCOPh is known to exist in the s-cis conformation (3, 84%) but a-
substituted derivatives prefer the s-trans structure.1! Thus, --BuCOCH=CHz2 (100% of s-cis)!2 has a reactivity
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towards ¢-Bu® 2.3-times that of CH3COCH=CH3> (29% s-cis,12 reactivity 90). The reactivities of 4-7 confirm
the high reactivitics of s-cis enones in radical additions (reactivitics arc given in parentheses under each
structure). The dramatic decrease in reactivity of CHy=C(Me)COPh compared to CHa=CHCOPh reflects
partially the inductive effect of the methy! group but mainly the switch in preferred conformation from s-cis to s-
trans. The high reactivity of the s-cis enones is apparently connected with a favorable SOMO-LUMO overlap in
the rather polar transition state for 7-Bu® addition.10 o,B-Unsaturated aliphatic ketones and esters (or lactones)
with the same preferred conformations have nearly the same reactivity towards r-Bu’, e.g. 6 vs. 7 while benzoyl
derivatives are considerably more reactive than their aliphatic analogues, e.g., PhACOCH=CH3 vs. I-
BuCOCH=CH; or 4 vs. 6.
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