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Summary: Iodide ion promotes the photostimulated reductive alkylation of a&nsaturated 

ketones by electron transfer from RH& - to the adduct enolyl rao%als. Amines such as Dabco can 

promote oxk&Wive alkyla&n by removal of a proton from the a&xi radicals. 

The conversion of a&unsaturated carbonyl compounds into saturated 3-alkylated 

derivatives in a free radical chain reaction with alkylmercury chlorides is dramatically promoted by 

the presence of iodide salts2 or other complexing anions. s It has been suggested that iodide 

functions by formation of the ate-complex (RHglp-) which reduces the adduct enolyl radical, 

Scheme 1. However, the conversion of the enolyl radical to the enolate product could also be 

formulated to involve electron transfer from free I- or to an enhanced reactivity of RHgl in the 

Scheme 1 

Fb + >C=CHC(O)R’ - >C(R)CHC(O)R’ 

>C(R)dHC(O)R’ + RHgX; - >c(R)CH=C(O-)R’ + R* + HgX2 

process, enolyh + RHgX + enolyl-HgX+ + R*. The thrust of this communication is to demonstrate 

that the iodide ion effect depends upon the structure of R and that t-BuHgXIKI is more effective 

than t-BuHgl alone. 

Acceptor radicals such as I* or &EWG) react with RHgCl in the presence’or absence of I- 

to form alkyl radicals with a significant rate increase from R 31 n-Bu to CPr to t-Bu.4 Thus, the 

reaction of IV-methylmaleimide with a 1:l mixture of t-BuHgCI and n-BuHgCl in the presence of 

excess I- forms only the 3-tert-butyl-l-methyl-l Hpyrrole-2,5dione. However, this selectivity fails 

to distinguish between electron transfer (from I- or RHgIP) and SH2 (with RHgl) reactions of the 

adduct enolyl radical. To separate the effects due to I-, RHgl and Rl-lgla’, we have studied the 

competition between Reactions 1 and 2 for enolyl radicals derived from diethyl fumarate (Table 1) 

and N-methylmaleimide (Table 2).3 In a reaction incorporating both I- and Dabco, product 

formation will be controlled by competing bimolecular reactions of the enolyl intermediate as 

shown in Scheme 2. Using diethyl fumarate ae the substrate (Table 1) and varying the nature of 

the alkyl group in RHgCVI-systems clearly demonstrates that the competition between Reactions 1 

and 2 is a function of the alkyl group (compare entries 9 and 14). Table 1 also shows that in the 
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Scheme 2 

RHal YC(O)C(R) =CHCOY + Ft. + Hg” + I’ (2) 

absence of I’ the competing reactions leading to the saturated and unsaturated products 

increasingly favors the saturated product in going from Bu unsaturated products increasingly 

favors the saturated product in going from BuHgCl to CPrHgCl to &BuHgCI (entries 15.10 and $4 

Table 1. Photostimuiated Reactions of RHgCl with Diethyl Fumarate (ECHICHE) in the 

Presence of KI or Dabco in Me2SOa 

entry R molar equivalents % yield (time, h)b 

RHgCI:KI:Dabco:K&Os ECH(R)CHsE:EC(R)=CHE= 

1 CBu 49:o:o 3Q:O (14) 

2 t-Bu 4:4:0:0 52x-I (3) 

3 PBu 4:4:0:2 629 (3) 

4 IBu 4:4:4:0 67:0 (10) 

5 Y-Bu 4xh4zO 37:0( 24) 

6 CPr 4zO:o:o 26~0 (22) 

7 CPr 4:4zO:o 83IO (3) 

6 i_Pr 4:4xk2 1OOzO (3) 

9 CPr 4:4:4xt 693 (11) 

10 CPr 4:0:4:0 3658 (23) 

11 CPr 2:0:8:0 12:72 (23) 

12 rrBu 4:4:ozO 46s) (4) 

13 n-Bu 4:4X):2 38:o (4) 

14 n-Bu 4:4:49 553 (10) 

15 RBU 4zO:8zO 044 (24) 

cP.0 mmol of RHgCl in 10 mL of Me&O kradtated at 35-40 “C with a 275 W GE 

sunlamp. 

blay DC wtth an internaf standam after hydrolysis and extraction. 

eOne stereoisomer with 8 = 6.4 (CPr), 8.8 (RBu) for the vinyl hydrogen atoms. The (2) 

stereochemistry can be assigned for R = kPr. 

IftheeffedotthestnrdureofRintheaddudradicalscanbeignoredinReadionsl and2,it 

follows from the data of Table 1 that the agent responsible for the enotyl to e&ate conversion 
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must be RHgl or RHgli and not I-. However, it is diilt to estfmate the effect of the structurs of R 

upon the reactions of the adduct radiils, particularly upon the deprotonation step of Reaction 2. 

Additional evidence against the enolyl to enolate reduction by I- is available from reduction 

potentials. Thus, in water it is easier to reduce I= than CHsCOCHe* [E” = 1.2V(I*); 

O.GV(CHsCCCH# whll in non-aqueous solvents I* is more easily reduced than (EtC$&CH* or 

(CH&O)&H* by -0.2V.6 

Table 2. Alkylation of N-methylmaleimide by f-BuHgX in the Presence of KI and Dabco in 

rae2soa 

X molar equivalents % yield (time)b 

t_BuHgX:KI:Dabco:K2S& la (sat) 2a (unsat) 

Cl 4.9:o:o 37 (4 h) 0 

Cl 4:4:0:2 99 (20 min) 0 

Cl 4:0:6:0 tr 95 (6 h) 

Cl 4:6:4:0 99 (20 min) 0 

I 4:o:o:o 95 (4 h) 0 

I 4:0:4:0 35 (5 h) 53 (5 h) 
I 4:6:4:0 56 (10 min) 0 

See a, Table 1. b By GC with an internal standard after hydrolysis and extraction. 

Table 2 presents data with Nmethylmaleimide as the substrate which demonstrate that 

tBuHgWKl systems are more effective than &BuHgl alone in the conversion of enolyl radicals to 

the saturated alkylation product. With f-BuHgCVDabco the unsaturated product 2a is formed in up 

2 3 4 5 

a,R=Nu;b,R=CPr 

to 95% yield (diethyl fumarate gave only the saturated product) while t-BuHgVDabco 

(4 equiv each) gives a mixture of la (35%) and ia (53%). However, a mixture of f- 

BuHgCl(4)/Kl(S)IDabco(4) gives la In a yield of 99%. Although f-BuHgl is more effective than C 

BuHgCl for the 3a to la conversion. lt Is also obvious that either f-BuHgCMKI or f-BuHgMKI Is 

more effective than CBuHgl alone. Workup of the iodiie ion promoted reactions with &O gave > 

70% of monodeuterated la consistent wlth the formation of an enolate salt. 

Dlalkylatlon can also occur in the presence of Dabco. In the reaction of Nmethylmaleimide 

with f-BuHgCUDabco In the absence of I-, 2a is formed with only a trace of 40 (5a not detected). 

However, with CPrfigCl/Dabco and catalysis by KUK2S206,7 the first formed 2b is converted to 

5b (4b not detected) in 57% yield. Photolysls .of 2a with f-BuHgCl(4)/Kl(8) forms only the 
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saturated product 4a (71% in 3h) as a 2.5 : 1 ratio of cis and trans isomers. Cis-Qa does not 

isomerize to tram&a under the reaction conditions but isomerization is observed in MeOH/OAc- 

to give a c&Mans ratlo of - 1 : 100. The results suggest that the formation of 4a from 2e even in 

the presence of KI now involves hydrogen atom transfer to the least hindered side of the adduct 
radical, possibly from R*. This is supported by the obsenmtions that workup with D20 incorporates 

no more than 10% of deuterium in the isolated 4a. 
Competition between Reactions 1 and 2 of Scheme 2 depends upon the structure of the 

substrate as well as the nature of R in RHgCl. With PhCOCH=CHC&Et a mixture of the saturated 

and unsaturated alkylation products is observed with &BuHgCI or CPrHgCl in the presence of KI 

and Dabco. In the absence of Dabco only saturated alkylation products are formed in 70-75% 

yield (4 equiv. each of RHgCl and KI) but the radical addition is not regiospecific giving a ratio of 

PhCOCH&H(R)CaEt to PhCOCH(R)CH&@Et of 8:l for R = CBu and 2.51 for R = CPr. With 4 

equiv. of Dabco added the ratio of PhCOCH&H(R)C02Et to PhCOCH=C(R)C&Et is 81:24% for R 

= t-Bu and 31:37% for R = LPr. Again the t8If-butylmecurial is more effective in trapping the adduct 

radical4 but deprotonation of the adduct radical by Dabco can be detected even in the presence of 

KI in contrast to the exclusive reductive alkylation observed for diethyl fumarate or N- 

methylmaleimide. Independent experiments in the three substrate systems demonstrated that the 

unsaturated products observed in the presence of Dabco were not formed by a dehydrogenation 

of the initially formed saturated alkylation product. 
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