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Abstract - Alkylmercurials can participate in free radical chaln reactions in which
the alkyl group substitutes for hydrogen or halogen at a heterocyclic vinyl or
aromatic carbon atom, adds in a conjugate manner to &,B-unsaturated lactones or
lactams, or undergoes addirion-elimination (cyclization) reactions leading to a new

heterocycelic ring.

Alkylmercurials (RHgX, RZHg) are an excellent source of alkyl radicals upon photolysis or
thermolysis. Electron transfer to an alkylmercuty halide,z’3 or attack of an electrophilic

radical upon the mercury atom,t"5 also generates the alkyl radical {Reactions 1 and 2). These

RHgX + D* —-> p' 4+ R* + Hg® + X~ (1

RHgX + A° ——> AHgX + R* (2)

reactions appear to be concerted processes whose rates increase with the stabllity of the
incipient R' (t=Bu > i-Pr > E_-Bu).s’6 Chain reactions ¢an be achieved if a donor (D) or acceptoer
(A*) radical can be formed by further reections of an alkyl radical which is itself not a strong
donor or acceptor species. BSome examples of D* and A* radicals which have been observed to

participate in Reactions 1 or 2 are: 17

Donor Species: RNOZ"; RCMEZé(O')Ph; RP(Ph)z' H Rf(OHe)3; RCHzéH(CGH40Me12)2; pyridinyl*
Acceptor Species: PhS0,°; RS°, PhSe”; PhTe'; halogea atoms; t-Bul®; 304"; RCHZEH(EWG), EWG

= (Et0),P0, PhSO,, p-O,NC.H,, PhyS1, CH,O0P(0)(OEt),, CH,0,CR, CH,0SiMey, CH,08Me,*; RCH=CY, Y

3

= Ph, CO,Et, COPh, CH,O0Ts, CH20P(D)(0Et)2

2

Evidence for Reaction 2 is the observation of strong CIDNP signals in the A/E miltiplet mode for
RH, R{-H) and R-R when a solutiou of RHgCl (R = 1°, 2%, 3°-alkyl) and (NHA)ZSZDB is heated in
dg~Me,50 at B0°C (Scheme 1), Reactlon of MejCCO,H with 5208-2 gives a CIDNP signal for MQZC'CHZ,

but completely in the emission mode from the diffusive encounter of t~Bu® and 504".

T Dedicated to Sir Derek Barten on the occasion of his 70th birthday,
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Scheme 1
$,0572 === 2 50,7
SOQ'_ + RHgCl — -03SOHgC1 + R*
2 R == [R* R*] —> RH, R(-H}, R-R
Trapping of alkyl radicals by an added radicaphile can lead to chain reactions if the radicaphile
derived species will regenerate R* from the alkylmercurial via Reactions 1 or 2. Some examples of
reactions which provide such radicals or radical ions are listed according to reaction type in A-C
(Q° = D* or 4°):
(A) SH2 reactions of R* (R* = ¥-Q ——> BR-Y + Q)57
Y-Q = dichalcogenides, H-SPh, H-$nBuy, Ph8e-505Ph, Cl-S50;Fh, W-alkyl-l,4-dihydro=~
pyridines
(B) Additiom {R* + 7 ~—=> BR-1*)
R-r* is an acceptor (R-7* + RHgX —> R-n-ligk + R-)®
n o= CH2=CHP(0)(OEt)2, CH2=CHSOZPh, CHZ.C(CGHQNOZ—L)Z’ CHZ-CHCHZOTB,

CH -CHCHZOP(O)(OEK)Z, HCECPN, HC=CCO,Et, HCZ CCOPh, HCECCHZOTS, HCECCHZOP(O)(OEt)z

2
R-T* is & donor (R—m° + RHgX —> R-n¥ + R* + pg® + x 3278
" = pyridine, CH,=C(CgH,OMe-p),, R'RZc=NO,”, RIR%C=C(07)Ph, Ph,P™, (Me0),P
(C) Additlon-elimination (R® + =} ==~} R=F=~Q ——> Ren + Q+)+9,10
1~ = PhCH=CHQ or PHC=CQ with Q = Cl1, Br, I, PhSOz, Ph30, PhS, HgCl, SnBuy; PhCOCH=CHCL;
PhSOZCH"CHSnBU:;; HE.02CCH=CHI; CHZBCHCHZCI(BI, 1); HCECCHZCI
Figure 1 illustrates reactions involving heterocyclic products. These reactions involve (a)
substitution of alkyl for hydrogen at a spz—center, (b) substitution of alkyl for halogen at a
2

ap“-center, (¢} addition of the elements of R snd H to an o,Af-unsaturated system and (d)

cyclization of an adduct radical yielding a heterocyclic ring.

Reactions of @ ,B-unsaturated ketones, esters, amides or anhydrides with 2° or 3°-alkyl radicals
occur readily te form enolyl radicals. However, enolyl radicals often react inefficiently with
RHgCl although they are trapped in goed yields by hydrogen atom transfer from RHgH or Bu3SnH.1l
However, in the presence of iodide ion, enolyl radicals can be reduced to the enolate anion (I or
RKgl,” may be the reducing agent) and the chain reaction propagated (Reaction 3). 5,6-Dihydro—-2H-

pyran-2-one gives only a low yleld of tert-butylated product with t-BuHgCl/hv in the absence of 1~

o . 17, RHgl,~ 07 = + 1+ {or Re + Hgly) (3}

R R RHgl
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Pigure l. Photostimulated reaction {(sunlamp or 350 nm Rayonet Photoreactor) of 2-5

equivalents of BHgX with various substrates In Me,S0 at 40-45 °C for 3-10 h.

and is a substrate not easily alkylated by conventional cuprate reagents. However, with
_t_-BquCl/NaI/h\J in MeZSO, an excellent yield of the 4-tert—-butyl derivative is formed (Figure

1), In a similar fashion uracil reacts tc form the conjugate addition product.

Another ploy which converts an enolyl radical inte a substitution product is B-hydrogen atom
abstraction. Thus, photolysis of t-BuHgCl In the presence of malelc anhydride gives a low yleld
of the mono tert-butylated product. Even in the presence of 1~ the reaction is not clean.
However, Iin the presence of 3208"2 the Intermediate adduct radical is converted to tert-
burylmaleic anhydride by electron or hydrogen atom transfer to 5208-2' Tautomerizatien of the

initial adduct radical may be involved (Scheme 2). Yields of the substitutfon product with a
2-fold excess of RHgX of 63% and 90X are observed with R = t-Bu and i-Pr by the use of 2 equiv. of

5205_2 with t-BuHgCl ot 2 equiv. of 8203_2 and 1 equiv. of ag® with 1-PrHgN0,.

Scheme 2 Scheme 3
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Attack of alkyl radicals upon pyridine or pyridinium ioms occurs orthoe and para teo the nitrogen

atom; loss of a proton, or tautomerization in case of the uncharged adduct radical, leads to an
easily oxidized pyridinyl radical which can be oxidized to the pyridinium ion by electron transfer
either to RH¥gCl (Reaction 1)3'7 or to an added oxidant such as 5208"2.12 Photostimulated reaction
of pyridium salts with RHgCl thus follows Scheme 3, Faster reactions are observed with the
RHgCl/5208—2/A3+1 system where Ag*2 (ag’ + 5208"2 —> agtl s 50,7 + 504-2) and/or 5208-2

oxidize the pyridinyl radical and the chain reaction continues by attack of SOQ" upon RHgCl.

The utility of alkylation processes with alkylmercurials is not restricted by weakly acidic (e.g.,
uracil in Figure 1) or basic groups. Furthermore, a wide variety of solvomercuration products can
be employed, often without isolation of the mercurial {e.g., the alkylated pyridine in Figure

l).3 In most cases better ylelds of alkylation products and faster rates of reaction are observed

with 2° or 3°-alkylmercurials than with 1°-alkylmercurials.
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