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Summary: Reductive tert-butylation of electrmegatively substituted alkenes is redly achieved in Me2SO by 

reaction with excess t-BuHgCifEt#iH. Reactivity studies indicate that towards t-B& s-cis enones are more 

reactive than tk s-tram co~omm. 

Photolysis of t-BuHgCl with CH2=CHP(O)(OEt)2 or CH2=CHSOgh in PhH forms the adducts t- 

BuCH$H(HgCl)(EWG) by a radical chain mchanisml Although a&unsaturattd carbonyls fall to form these 

adducts in PM-I or MQSO (e.g. CH2=CHCO$t undergoes poly merization) many unsaturated ketones, esters, 

lactones or amides which form 2°-enolyl radicals as intcrmcdiaas, yield the reductive alkylatia~ products (e.g., t- 

BuCH$XI2COR, t-BuCH(C!O#t)CH2~Et, t-BuCH(CN)CH$N) upon photolysis with t-BuHgC!l/Kl in 

Me#O by the ~KMXSS of Scheme 1.23 The enolate anion formed by electron tmnsfer &am the ate-complex can 

be protonated by traces of water in the solvent, by the use of pmtic cosolvents such as MeOH, or upon workup 

with aq. Na&@ to remove mercury compounds. However, 34enolyl radicals a inefficiently redu&. Thus, 

Scheme 1 

t-RuHgx JL t-BtJ’+HQX 
i-RUHgX 

- cBLJ*+Hgx2+tlgo 

tal’+Cl+ =cHtmR - CBuCH&HCOR- 

t-BtJcH~oR + t-BuHgl2- - t-BuCH$.%l = C(tT)R + C-Ru’ + Hgl2 

ethyl methacrylate upon photolysis with 4 equiv. each of t-BuHgCl and KI in &SO yields a mixtum of 1 and 2 

(Table 1). Compound 2 apparently arises from dispmpordonation of the 3°-enolyl radical to form 1 and 

kBuCH&H(Me)CQEt (-W2cHcWt 

1 2 

t-BuCH2C(=C!H~t which adds a second t-Bu’ to form a new 3°-enolyl radical converted to 2. Dlmethyl 

itaconate reacts in a similar fashion upon photolysis with 4 equiv. each of t-BuHgI and Kl to form t- 

BuCH$H(CO2Me)CH2CO2Me and t-BuCH$(CO2Me)=CHCO2Me. The adduct radical (t- 

BuCH2C(~Me)CH2CX&Me”) must undergo competing reduction and chain--g disproponionation 

reactions. Since the adduct radical now contains an easily absuactable proton, the maction in the pnsence of 

DABCO leads to oxidative alkylation products via the radical anion r-BuCH~C(~Me)=CHCQW- which 
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Table 1. &VT-Butylath prodms of ethyl medracryti in M&O at 35 “CP 

nmlwrlal other remant (aa&.) 1 (%I 2 (K) 

-JH@ 10 10 

FBuHgcI ‘Kl(4) 18 13 

-JHgcI KI (4), DABCO (4) 19 10 

lBuH9Cl KI (8) 28 8 

(t-w& 14 12 

(-w&l Eti= (4) 18 13 

V-W& phsy13 (4) 35 4 

FbHgcI EWH (4) 90 

f-BuHmCl Ph!w3 (4) 54 

CrFour cquiv. at the mmxial with 0.05 M me&cry- photolysis by a 275 W fltxmscuu sunlampfclr 11 h. 

muiily tmnsfers an electmn to f-BuHgI.3 Photolysis with 1 equiv. each of z-BuHgI and DABCO yields 56% of 

r-BuC(a&Me)=CHC@Ivle and 6% of r-BuCH$IH(CQMe)CH(r-Bu)C02Me. The di-&m-butylated pmduct is 
foxmed by attack of r-B& upon the initially-formed oxidative alkylation pmduct since with 4 equiv. each of t- 

BuHgI and DABCO the final products are tBuCH&!H(COzMe)CH(t-Bu)COzMe (53%) and I- 

BuCH=C(~)CH&Bu)OqMe ( 13%). 

To obtain the &ctive monoalkylatioa products in Me$O we have developed a technique employing 
mixmcs of t-BuHgCl and Et$iH, a system which efficiently aIkylates ethyl umhacrylate or dim&y1 itacomc 

in yields of 93 aud 88%. tispectively when using a 3-fold excess of both reagenta.4 The tmctions o~clp in -10 

h in the dark, are inhibited by (r-Bu)fl<r (the initial kinetic chain length for 0.1 M ethyl mthacrylatc is -lo), 
form the cyclopentylcarbiiyl product (52%) in the alkylation of ethyl acrylate with 5-hexeIIy_ chlaide, 

and fail to occur in solvents such as CH$Jlz, THF or DMF. This reductive alkylation is similar to the Giese 

technique employing NaBHq/oH-/CH2Cl2 or BujSnH. 5 Although the reactions are faster with Bu3SnH in 

Me2SO or with NaBH&H- in C!H$.l2. the yields are often lower, particularly when the alkene is the limiting 
reagent or has a low reactivity towards f-Bu’, see Table 2. 

Table 2. lbduaive alkylation of ethyl m&auylate with r-E$uHgX in MOZSQP 

X hydride condHionsb 1 (%I 

a Bu3snH tfv,lO mln 4s 

a Elll3snH dark, 10 min 90 

I Bu3SnH hv,lOnMrl 87 

I mm da&, 10 mln 93 

a EkW dark, 11 h 93 

cl mH3 dark, 1 h 54= 

a NaR& CH2QyNaOH, 20 min 80 

‘JO.25 mm01 of mthacrylatc with 2 equiv. each of t-BuHgX and tbc hydride in 5 mL of MQSO. h7&er Nz 
with dpoxygcnatai solvent; hv, imdiation with a 275 W fluomccnt sunlamp, -35 “C; dark, 25 “C cRerction 

complctcasevidwmdbytbcctssationofH$pnxipitarion. 
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stannyl hydrides arc known to react with RH~CI to form RH~H,~ and apparcay hydrogen-hdogcn 

cx&angeoccurswithsilancainMqLSOsolution.maction1. Theconsumptiatoftbcsilanc,whichc~be 

followed by *H NMR in Me@-& in the absence of the slkcne, is not influenced by sunlamp irmdiadon or by 

theprcscnceoft-Bu$lO’. AsintheGitscproctssRHgHscrvcsasafrceradicalinitiruorandesahydrogcn 

atom donor in the prqagadon step leading to the alkylation Product. Because maction 1 occurs slowly, only a 

low steady state concentration of RHgH is formed. This is advantageous when the alkcnc is not used in excess 

since it minimizes the trapping of R’ by RHgH and maximizes the yield of the reductive alkylation product. 

Giesc w previously discounted the use of simple trialkylsilanes in such processes on the basis of their low 

reactivity in hydrogen atom transfer. 5b However Et3SiH clearly does not react in this maMerinMc&o. This 

was dcmonstrsted by an examination of the effect of silanes in reactions involving f-Bu’ generated by the 

photolysis of (r-Bu)2Hg. Table 1 shows that EtgSiH is ineffective in trapping the adduct radical since the 

dispmpordonation derived 1 and 2 arc formed in the ssme -1:l ratio in the presence and absence of the silanc. 

With PhSiH3 the data suggest that hydrogen atom uansfcr may be involved. With more reactive slkencs, (e.g., 

CH2=C(CI)CQ@t) Et3SiH or PhSiH3 and c-B&&Cl give about the same yield @O-95%) of the reductive 

alkylation product (in -1 h for PhSiB3 and -12 h for Et3SiH). PhSiH3 apparently forms RHgH mom rapidly 

and thus mates a higher steady state concentrstion of RHgH. Trapping of r-Bu’ by RHgH is a serious limimtion 

when the alkene reacts slowly with t-Bu’. Tln~s, with CHg=C!(Me)C~t a much better yield of the reductive 

tcrt-butylatt on product is obscrv& with Et$iH. 

The system t-BuHgCUBt@H is a convenient one for measuring rcactivitics towards z-Bu’ in M&O at 25 

‘C (Table 3). Competitive reactions of CHz=CHCO2Et, CH2=CHP(O)(OEt)2, CH~=CHSO2Ph and Q- 

PhCH=CHI (to yield (E)-PhCH=CHBu-r)7 give the relative reactivitics of 80:u):100:1.0. Since the value of 

&. of r-Bu’ to CH2=CHP(O)(OEth has been masumd at 233 K? the absolute rate constant for attack of t-Bd 

upon Q-PhCH=CHI at 25 OC csn be estimated as between 5.0 x 103 and 2.6 x 10” fJmol-s based upon log A = 

7.5 f 0.5, a value obsen& in the addition of z-Bu’ to a variety of 1-alkcncs_c 

Table 3. Rcactivities tow&s r-Bu’ at 25 “C in Mq$O relative to (,?Z)-PhCH==CHL 

R CX&C(R)COrEt CH2-C( R)COPh 

H 80flO 470 f 20 

Me 50flO 70flO 

Ph 31OilO 175flO 

Cl 1300 f 200 700f loo 

CH2=C(R)CN 

220*10 

!5!5*5 

950*50 

The rcactivities of the three series in Table 3 am controlled mainly by polar effects with the reactivity imxe&ng 

from R = Me c H < Cl for the nucleophilic f-Bu l . *u However, the nlative reactivities of the kcto~ 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+IXKZOPh is known to exist in the s-cis conformation (3,&I%) but CZ- 

substituted derivatives prefer the s-tronr structure. l* Thus, r-BuCOCH=CH2 (100% of s-&)~~ has a reactivity 
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towards t-Bu’ 2.3-h that of CH3COCH=CH2 (29% s-c&l2 reactivity 90). The mactivities of47 con&m 
the high mactivitics of s-cis enones in radical additions (reactivities are ‘given in parentheses under each 

stmchm}. The dramatic decrease in reactivity of CH2=C(Me)COPh compared to CH2=CHCOPh reflects 

partially tbe inductive effect of the methyl group but mainly the switch iu prefm c&&mation from s-cis to s- 

fruns. The high reactivity of the s-cis enones is apparently connected with a favorable SOMO-LUMO overlap in 
the rather polar transition state for t-Bu’ addition.10 a$-Unsatumted aliphatic ketones and esters (or lactones) 

with the same preferred conformations have nearly the same reactivity towsrds r-Bu’. e.g. 6 vs. 7 while benzoyl 

derivatives are considerably more reactive than their aliphatic analogues. e.g., PhCOCH=CHg vs. r- 

BuCOCH=CH2 or 4 vs. 6. 

8(470) 4(7W S(370) 6(180) 7(150) 
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