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Abstract 

Alkylmercuric benzoate 2nd chloride formed in the benzoyl peroxide-initiated 

reaction of dialkylmercury in carbon tetrachloride solutions arise by homlytic 

displacements. Rinetic isotope effects demonstrate that any alkylmrcurl radicals 

formed in the concurrent reductive elimination to metallic ssrcury cannot be 

intermediates leading to alkylmercuric chloride. Benzoyl peroxide and butyryl 

peroxide shoe widely divergent behavfor as initiators owing to differences In 

the stabilities of the 2cyloxy radicals fonxd on houolysis, the relatively 

long-lived benzoyloxy radical being effective in Sg2 displacements on dialkyl- 

mercury in contrast t@ propyl radicals derived from the highly unstable butyryloxy 

radicals. The reactivity of oxygen-centered, chlorine and alkyl radicals are 

compared in honwlytic displacements. A unified naechanism Is presented for re- 

ductive ellndnation and the various substitution processes observed concurrently 

In dialkylmzrcury compounds, in which the radical intermediates are shared in 

C-. 

Introduction 

The occurrence of a free radical chain process in the facile reductive 

elldnatfon from diailkylwrcury FiEgR' by B-hydrogen abstraction was described 

in the previous paper-l Ilxe fonmtian of dlkene isaccorrpanied by the con- 

comitant reductim of aercuty(II) to netalllc mscury in carbon tetrachloride 
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-de possible in these studies by the deliberate choice of appropriate alkyl 

groups to optimize reductive elimination. 

In other studies, hovever, varying amounts of alkylmercury(I1) derivatives 

such as RHgCl have been reported when analogous dialkylnercury compounds were 

subjected to similar treatment. 2>3 Unfortunately, the experimental basis in 

differentiating between processes leading to reductive elimination (Hgo) and 

those leading to substitution (RHgX) is somewhat puzzling. On one hand, nearly 

quantitative yields of mercury metal have been reported, vhen the reaction 

between di-n-propylmercury and CCL z'as induced thermally (150°C), photo- 

chemically or by di-t-butyl peroxide.' In contrast, Jensen and Guard3 reported 

up to 25% yields of n-butylmercuric chloride in addition to mercury(O) from the 

reaction of di-n-butylmercury with CCL, initiated by bentoyl peroxide. An 

alkylnercuri radical RHg was proposed as the key intermediate leading to 

reductive elimination and substitution in eqs. 1 and 2, respectively. . 

=-lg- --cl 
R- + Hg(0) etc. (1) 

CClr, 
RRgCl + Cl3C' etc. (2) 

It is difficult to reconcile such a formulation with the observation that the 

isomeric di-isopropylmercury affords i-propylmercuric chloride2, since it 

requires that fragmentation in eq. 1 inexplicably occurs more rapidly with a 

priory n-propylmercury(1) species compared to the secondary i-propylmercury(1) 

which has a weaker CEig bond.4 Eforeover, our own results indicated that neo- 

pentylmercury(1) was not converted to NpHgC1.l 

We conclude that many of these ambiguities arise from the absence of a 

clear delineation of the processes leading to the substitution products RRgX. 

In this regard, a major obstacle focusses on the different means which have 

been erxployed to initiate the reactions. Peroxides are cmnly considered fo 

*erve only as an imlocent source of chain-carrying radicals. For uample, it 

has been suggested that trichloromethyl radicals are involved in the decomxw- 

sition of dialkplmercury and arise from benzoyl peroxide by the follcwing 
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(PhC02)2 - 2Ph- -+ 2CO2 (3) 

Ph- + Ccl4 --c PhCl+ C13C. etc. (4) 

ClgC- + R2Hg -c Products (5) 

Since there are several studies of the reaction between dialkylmercury and 

benzoyl peroxides, ve vish to scrutinize the assumptions embodied in eqs 3-5. 

The role of alkylmercuri radicals in the formation of alkylmercuric chloride 

in eq 2 is also examined in this report. 

Results 

The decomposition of dialkylnercury was studied in carbon tetrachloride 

solutions in the presence of peroxides as initiators. 

Effect of Peroxides on Ill-alkylmercury 

1. Eenzoyl Peroxide 

Di-neopentylmercury Np2Hg which has no g-hydrogen cannot undergo reductive 

elimination. Indeed. no mercury(O) is observed vhen Np2Hg is heated in 

CC14 at 100°C in the presence of benroyl peroxide. The formation of neopentyl- 

mercury benroate and neopentyl chloride in more or less equimoiar amounts occurs 

in a rather slov stoichiometric (i.e.. non-chain) reaction as summarized 

Table I_ 

in 

Table I. Renroyl Peroxide-Initiated Cleavage of Di-neopentylmercury in 
Carbon Tetrachloride.a 

Neopentyl Chloride 

6smol) wb 
-- 

NpHg02CPh 

(mmol)= 

0.030 0.050 83 0.042 

0.044 0.075 85 0.062 

0.059 0.088 75 0.083 

in lml solution of 0.29H lip;p~& at 1OO'C for 7 hre. b Based on total equivalents 
of bentoylory radicals. cdpproximate yield. see Experiment Section. 
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The first-order thermal decomposition of benzoyl peroxide alone in CCL, 

proceeds by the rate-limiting homolysis of the O-O bond in eq 6.6 If the 

subsequent uninolecular decarboxylation of the benzoyloxy radical (kc in eq 7) 

occurs zore rapidly than any other btiolecular reaction, a yield of 2.0 mole 

of carbon dioxide vould be obtained fros each mole of peroxide. The observa- 

tion of 1.88 mole of CO2 indeed suggests that radical dinerization and induced 

decomposition are not major complications at 100°C. 

The yield of CO* is dininished, however, vhen the decomposition of benzoyl 

ki 
(PhCO,)z - 2PhC02- (6) 

k 
c 

PhC02 - Ph- + CO2 (7) 
, 

peroxide is carried out in the presence of dialkytiercury. The extent of CO2 

diminution depends to a marked degree on the alkyl groups as shovn in Table II. 

Table 11. Yield of Carbon Motide for the Decomposition of Peroxides in the 
Presence of Dlalkylmercurya 

Dialkylolercury Yield of CO2 from Peroxide (FQb 

mgg (PhC02)2 (n-G&C0212 

none 100C lCOd 

f-Propyl 5 78 

n-Butyl 17 96 

neo-Pentyl 30 101 

Xethyl 93 100 

aIn 2nl t-butylbensene solution containing 0.047 mm01 perotide and 0.23 amol R2Hg 
bYields baaed on 002 observed in the absence of RzHg cl.88 wl CO2 per no1 
(PhCQI2 1.92 ml Cop per mol <GJI3CO2)2 

The rate of perotide disappearance is not highly dependent on the $resence of 

the rrtercurial. For example, the firat order rate ccsmtent for deccspoeition 

of benroy peroxide Q,.- 0.9 x l@ e-z-5 at 100°C in carbon tetrachloride 

_ __ _ - - -- -- __ ._ _ _B~__ ~~. 
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the rate constant only increased to 7.2 x 10e4 SEC- 
1 

in the presence of 

O-12 ?I Np$ig. In this case, no more than a quarter of the 70% decrease in co2 

yield (Table 11) can be ascribed to any process associated with the induced 

decomposition of the mercurial. The unaccounted CO2 must be due to the trapping 

of benroyloxy radicals by dialkylsercury (NpzHg), vhich leads to alkylmercuric 

benzoate as shorn later. 

2. Butyryl Peroxide 

In contrast to the foregoing results, not only the rate but also the 

yields of carbon dioxide from the decomposition of di-n-butyryl peroxide are 

singularly unaffected by various dialkylmercury compounds listed in Table II. 

Indeed, the nearly quantitative yields of CO2 indicate that ar.y possible 

complication due to the induced decomposition of butyryl peroxide is not 

important. 

A further illustration of the difference between benzoyl peroxide and 

butyryl peroxide is obtained from the cleavage of dineopentylmercury. Thus, 

neopentyl chloride is observed is 34% yield vhen 0.029 X XpsHg in Ccl,, is treated 

with 0.18 :< benroyl peroxide for 40 hours at 80°C. but only 1.52 of XpCl is 

obtained from di-n-butyryl peroxide under the same condltlons. 

3. - Differences between Benroyl and Butyryl Peroxides 

In accounting for the divergent behavior of benaoyl peroxide andbutyryl 

peroxide, it is important to note there is no significant difference in the 

strengths of the O-O bonds in these NO peroxides. Thus, butyryl peroxide 

undergoes a first-order homolysis of the O-O bond at more or less the same 

rate as benroyl peroxide.7 -ever. 

'=i 
<n-PrCO2)2 - 2a-PrCO2- (8) 

kc 
n-PrCO2* _ n-Pr- + CO2 (9) 

the difference between these peroxides lies in the thermal stability of the 

resultant acyloxy radicals. The uaimolecular rate of decarboxylation of the 

aliphatic acyloq radicals ia SO fast [kc > lo9 see-l at65'C III eq 91 that 



they have never been crapped outside of cage processes.B In other words. for 

all practical purposes the rate-limiting honolysis of butyryl peroxide leads 

directly to propyl radicals (es 10). 

ki 
(n-?rCO-,)z ---+ Zn-Pr- + 2CO2 (10) 

Benzoyloxy and other radicals, on the other hand, decarboxylate at 

significantly slower rates [kc = 2.4 x 10' set-l at 80°C] and have been intercept< 

by various radical traps.3" Thus, benzoyl peroxide and butyryl peroxide differ 

significantly in the ~YD~S of radical produced on honolysis and not on the rates 

of radical production. 

This difference is also apparent in the selectivity observed in the cleav- 

age of anunsyzmetrical dialXyloercury compound in the presence of the two 

1 
peroxides. For example, the foregoing study showed that isobutylneopentyl- 

mercury undergoes reductive elimination with high selectivity to neopentyl 

chloride according to eq 11. 

(CH3)2CHCH2H&p f CCL, -c (CH3)zC=CHz + NpCl f Hg + IICC13 (11) 

The extent to which isobutyl chloride is formed reflects an alternative cleav- 

Table III. Effect of Initiators on the Formation of Neopentyl and Isobutyl 
Chlorides From Isobutylneopentylmercury in CClba 

Initiator Conditions Equivalent of RClb i-a 

Temp("C) Time(hrj I-BuCl NpCl NpCl 

~~ - 

none 100 3ooc 0.01 0.77 0.013 

(PhC02)2 100 7 0.08 0.75 0.11 

(PhC02J2 80 50 0.08 0.81 0.099 

(n-C4+m2)2 80 20 0.02 0.94 0.021 

hv(3500X) 30 10 O.iO 0.92 0.11 

AIBNd 80 10 x0.01 0.07 
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age of an alkyl-mercury bond arising from eirrher an inefficient initiation step 

or the presence of other chain-carrying radicals-l Up to 10% of such side 

reactions observed with benzoyl peroxide in Table III is in contrast to 2% 

obtained from butyryl peroxide. [ The 103 selectivity in photocheffiical ini- 

1 
tiation was discussed earlier_ ] 

Reductive Elinination and Substitution as Competing Processes. 

1. Alkylmercuric Benzoate and Chloride from Benzoyl Peroxide 

Our concern that the peroxidic initiator might play a role different from 

that presented in eqs 3-5, led us to reexmine the alkylnercuric chloride reported 

earlier.3 The identification of this product was of particular interest since 

the reported nethod of analysis (involving its isolation as the iodide deriv- 

ative) would not have distinguished alkylnercuric chloride fron the benzoate 

analog. 

A solution of 0.45 X di-n-butylrrercury and 0.056 X benzoyl peroxide in 

carbon tetrachloride was heated at 100aC for 7 hours. The formation of n-butyl 

chloride, chloroform, butene-1 (as the adduct, 1. 1. 1. 3 - tetrachloropentane) 

and mercury metal in the amounts previously reported3 was confirmed in Table 

IV. Ihe formation of these products are generally in accord with the stoiochio- 

Table IV. Di-n-butylnercury in Carbon Tetrachloride vith Benzoyl Teroxide 
and Butyryl Peroxide as Initiatorsa 

Peroxide Products (a01 f) 
b 

Recovered 

Initiator 3uCl Bu<-Ii)= BK Cm13 BUEigX fwffg 

@hCo2)2d 53 52 64 67 25 

(PhC02)z 44 41 55 59 2oe 12 

(u-BuCOZ)Z 26 26 29 31 lof 48 

aln soluti,~ns coat- 0.45 H (n-Bu)pHg and 0.056 H peroxide at 100° for 7 

hours, except as noted % bastcion the stoichlometry in eq 12. cButene-l and 
- L _mm-________ -L'1--=- -7-2 kmo.P,.llc0 
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merry in eq 12, which has been established for reductive elimination (eq 11). 

Bu*Hg + cc14 - BuCl+ Bu(-H) + Hg + CXl3 (12) 

The other nonvolatile products, however, were found to consist of roughly 

equi~olar quentitFes of n-butylnercuric chloride acd o-butylmercuric benzoate 

as determined by the proton mu spectrum and confirmed with authentic materials 

using thin layer chromatography. Furthermore, fractional crystallization of 

the crude product mixture at -2O'C allowed the isolation of the pure crystal- 

line n-butylmercuric chloride and the liquid n-butylmercuric benzoate (con- 

tamioated vith small amounts of the chloride). 

Reductive elimination as represented in eq 12 is the principal route by 

which di-n-butylmercury reacts vith carbon tetrachloride in a radical chaic process 

The formation of n-butylnercuric bentoate and chloride accounts mostly for 

the remainder <- 25%) of the di-n-butylmercury consumed. The origin of 

n-butylmercuric benzoate is clearly associated with the trappicg of benzoyloxy 

radicals. 

2_ Alkvlmercuric Chloride from Butvrvl Peroxide. 

To obviate the formation-of benzoate, di-n-butyryl peroxide was used as 

the initiator in the reaction of di-n-hutylmercury in CCL,. The results in 

'fable IV show that reductive elimination is again the predominant mode of 

reaction. The formation of n-butylmercuric chloride is generally in accord 

vlrh the results obtained with beozoyl peroxide. Significantly, no n-butylmercuric 

butyrate is formed. 

Kinetic Isotope Effects in the Formation of Alkylmercuric Chloride 

l'he formation of alkylmarcuric chloride during the course of the free 

radical chain reaction of di-alkylnercury has been ascribed to the chain 

transfer reaction of the alkylmercuri radical with Cc14 In eq 2.3 &uteri= 

isotope studies1 have shown that reductive elisdnation of df-whepry~acr~u~- 

81,6-d, favors cleavage of the u-heptyl bond to mercury in eq 14 by a factor 
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of 4.9 over that of n-heptyl-6,6-d2 in eq 13. 

17% 

-c l%gCH2CH2C5H11 + CDC13 + CsHllCD'CH2 (13) 
C5H11CD2CH2-Hg-CH2CD2C5Hr1 + CC13 

s3= EgCH2CD2CsHlr f CHCl~ + CjHllCH'CH2 (14) 

Therefore, if alkylmercuric chloride does arise by way of the alkylmercuri 

radical, a five-fold deuterium enrichment in n-heptylmercuric chloride should 

obtain. Hepcylmercuric chloride derived from did-heptylmercury-B,S-dz was 

isolated from the reaction mixture by fractional crye.rallizatLon -2OOC. It 

Gas subsquently cleaved vith bromine in ether solution, and the resultant 

mixture of n-heptyl bromide and n-heptyl-8,5-d2 bromide subjected to mass 

spectral analysis. The observed ratio of deuterated and non-duterated bromides 

was 1.1 C 0.2, consistent with little or no isotope effect in the formation of 

n-heptylmercuric chloride. Control experiments showed no significant exchange 

between alkylmercuric chloride and dialkylmercury. 

Chlorinolvsia of Dialkylmercury with Hexachloroethane 

The isotopic studies indicate.that the alkylmercuri radical is not the 

precursor for alkylmercuric chloride. This conclusion is in accord with the 

ready fragmentation of these species discussed earlier.4 The formation of 

alkylmercuric chloride must than arise via a competing chlorinolysis of 

dialkylmercury under reaction conditions. A number of converging lines of 

evidence (vide infra), suggested that hexachloroethane. formed by the dimeriza- 

tion of chain-carrying trichloremethyl radicals, might be one of the agents 

active in such a chlorinolysis. 

Indeed, the treatment of di-neopentylmercury(0.13 W) with hexacbloroethane 

(1X) in benzene solution at gO°C resulted in a 90% conversion to neopentyl 

chloride and neopentylmercuric chloride in equal amounts, together with tetra- 

chloroethplene after 5000 minutea. No peroxidlc initiator vaa required. 

NpnHg + C2C16 - NpCl+ NpJigCl + C2C14 (15) 

A aimllar treat%%rt of di-t_butylsretCUq resulted in the quantitative conversion 
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to t-butyl chloride and t-butylmercuric chloride -&thin 20 ninutes.10 Oh 

further exposure the t-butylmercurlc chloride was completely converted to 

t-butyl chloride and mercuric chloride after 100 minutes. 

t-BuHgCl + C2C1,j L t-BuCI + HgCl2 + C2C14 (1'3) 

attempts to detect tetrachloroethylene among the products of thebenzoyl perox- 

ide induced reaction of dL-n-butylmercury and carbon tetrachloride were un- 

successful, despite the establishment of a 1% limit of detection. It is possible 

that tetrachloroethylene may have undergone further addition or telonerization 

under reaction conditions. 

The cleavage of dialkylolercury can also be effected by vicinal dibronides 

in analogy with hexachloroethane. The pair of diasteriomeric 2,3_dibromobutanes 

reacted with di-n-propylmercury at 80" to afford cis and trans-butenes -- 

(Table V). 

CH3CH(Br)CH(Br)CH3 + Pr2Hg - CH$tI=CHCH3 + PrHgBr + PrBr (17) 

The conversion of meso-2,3-dibromobutane mostly to trans-butene-2, and the 

d.1 isomer to cis-butene-2, corresponds to a preferred but not exclusive trans- 

elimination of vicinal bromines during reduction. Thestereochemistry of an 

analogous reaction with methylmagnesium bromide is also included in Table v 

for comparison. 

Table V. Stereochemistry of the Reduction of 2,3-Dibromobutane by Organometalsa 

Organometal CH3CH CH CH3 Butene - 2 Specificity 
Br Br 

CiS trans (f) 

b-et) *Hg meso 18 82 82 

(n-PrI2Eg d.1 63 37 63 

-Br meSO 4 96 96 

MeHgBr d.1 89 11 89 
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Discussion 

Dialkylmercury conpounds RligR' react in carbon tetrachloride in the 

presence of peroxide initiators by several simultaneous homolytic pathways, 

including reductive elimination and substitution. Reductive elimination has 

been shown to proceed via a chain process in which the abstraction of a J-hy- 

drogen represents the rate-limiting step-l In a typical organooercurial such 

as di-n-butylmercury, reductive elimination tc alkene and mercury(O) constitutes 

more that SOI of the node of reaction, the reoair.der consisting of substitution 

processes leading to alkylmercury(I1) derivatives _Sigx. The substitution 

processes are of primary interest in this report, and they can be elucidated 

in part by examining an organomercurial such as di-neopentylnercury which 

has no S-hydrogens available for elimination. 

&lkylmercuric Benzoates from Dialkylmercury. Honolvtic_Displacement by --- 
Benzovloxy Radicals -- 

Di-neopentylmercury does not react with carbon tetrachloride at any 

appreciable rate in the absence of an initiator. The effect of added peroxides 

depends on their structure. Thus an aromatic acyl peroxide such as dibenzoyl 

peroxide cleaves di-neopentylmercury, whereas an aliphatic analogue such as 

di-n-butyryl peroxide does not. Similarily, benzoyl peroxide initiates the 

reaction between tetraphenyllead and carbon tetrachloride, but acetyl peroxide 

is ineffective." 

The cleavage of di-neopentylmercury by benzoyl peroxide occurs at essen- 

tially the same rate as the initiator itself undergoes O-O homolysis. The 

benroyloxy radicals so produced are found as neopentylmercuric benzoate, and 

the cleaved neopentyl group is accounted for as neopentyl chloride. such a 

stoichiomerric (i.e., n~nchain) clen~age of di-neopentylnercury is consistent 

with the involvement of benzoyloxy radicals in a displacement reaction" such 

86. 

PhCOR- + NpZHg -_) PhCO,-HgNp + Np. (lg) 
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neopentyl radical in eq 18 is folloved by chlorine transfer which is known Co 

be rapid.13 

Np - f CCLI, --_) XpCI * c1jc (19) 

The rate of the substitution reaction in eq 18 nust be suffidently fast to 

allow efficient trapping of the benzoyloxy radical in competition with its 

ready decarboxylation (kc = 2.4 x 10" set-' at 80°C). Indeed, other Sh2 

displacements of alkyl radicals from metal centers by oxygen-centered radicals, 

such as the reaction of tri-n-butyliiorane with t-butoxy radical, have second 

order rate constants in excess of 10' 1 mof' set-l at 30"C'4. A similar SH2 

displacement between benaoyloxy radical and tetraethyllead has been recently 

reported.15 [I n the absence of direct evidence16, we make no distinction here 

between synchronous and addition-elimination raechanis;rs in displacenent reac- 

ti0ns.i 

The lack of any notable effect of di-n-butyryl peroxide on the decompo- 

sition of di-neopentylmercury in CC& is in marked contrast to that observed 

with benzoyl peroxide. The quantitative yield of carbon dioxide and the 

resulting absence of neopentylrzrcuric butyrate indicate that a displacement 

reaction analogous to that in eq 18 does not occur. The half-life of the 

n-butyryloxy radical is about lo6 times shorter than that of benzoyloxy radi- 

cal, and decarboxylatian must be too fast to allow trapping even by reactive 

nercurials. Furthermore, the n-propyl radicals derived from the peroxide are 

not directly involved in the cleavage of dineopentylmercury since it remains 

largely intact and only minor amounts of neopentyl chloride are obtained from 

cleavage of the neopentyl-mercury bond- Instead n-propyl radicals are quan- 

titatively converted to n-propyl chloride by reaction vith Ccl,+. 

Sh2 displacement on di-neopentylmercury by n-propyl radical as represented 

in eq 20, 

n-Pr. 4 NpZBg d n-PrBgNp + Np (20) 

is essentially a thennoneutral reaction. The absence of a significant driving 

force could provide the distinction between alkyl radicals such as propyl and 

oxygen-centered radicals such as benzoyloxy and t-butoxy in their behavior 

rnvnrrl A, lBlkv7rPtc.rrv~ ~_ . 
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The facility with which alkyl groups pre displaced from dialkylmercury 

appears to be highly dependent on the nature of the alkyl ligand. The results 

in Table II afford a measure of the efficiency with which benzoyloxy radicals 

are trapped by dialkylmercury in the order: He < n-Bu < i-Pr. Indeed, the 

reaction betveen di-t-butylmercury and CCL, in the absence of initiators pro- 

vides evidence chat t-butyl radicals are displaced even by the poorly nucleophilic 

trichloronethyl radical. lo The reactivity sequence, Xe < prim. c sec. < tert., 

reflects a trend in both the decreasing strength of the alkyl-Hg bond as veil as 

the increasing stability of the displaced alkyl radical? 

Previous studies have commonly employed benzoyl peroxide as initiator in 

concentrations sufficient to yield as much as 0.25 equivalents or more of 

benzoyloxy radicals for each equivalent of organmetal, on the assumption that 

it plays a rather innocent role described in eqs 3-5. 
3S11917 

We vlsh to empha- 

size the caveat that the choice of initiator can be critical in minimizing 

side reactions, especially if high concentrations of initiator are required 

owing to the poor kinetic chain length of the desired process. 

Alkylmercuric Chloride from Dialkylmercury in Carbon Tetrachloride Solutions 

The fornation of alkylnercuric chloride as the other substitution product 

derived fron the decomposition cf dialkylmercury in CCL, has been attributed co 

alkylnercuri radicals FUg- in eq 2. Such a formulation. however, cannot be 

reconciled vith the absence of a kinetic isotope effect in the cleavage of 

di-n-heptylmercury-B.B-d2. There is other evidence that also indicates 

that alkylmercuric radicals are extremely unstable and too short-lived to 

participate effectively in bimolecular processes. [Electrochemical reductions 

are not included in this context owing to ambiguities inherent in the elucida- 

tion of processes occuring at the electrode surface.'8,'g] 

Bexachloroethane is found in varying yields in all reactions of dialkyl- 

mercury in ccl,. since it is derived from the dimerieation of the chain-carrying 

trichloroaethyl radicals. The amounts generally parallel the yields of alkyl- 

mercur%c chloride and increase with temperature due to faster initiation rates. IAs 

l Enmlytic dieplacmts OIL mercury are dlecxzssed further in reference 10. 
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the product of the termination process, the yields of hexachloroethane are also 

higher in inefficient chain processes.] The facile chlorinolysis of dialkyl- 

mercury by hexachloroethane can be represented by a chain process, 
* 

Cl- + RRgR _) RHgCl + R‘ (20) 

R* + C2C16 4 XC1 t c2c11, + Cl‘ (21) 

which is analogous to that shove for hydrocarbons. 20 Such a mechanism is con- 

sistent with the stereochemical results presented in Table V for the analogous 

meso and d,l 2,3-dibromobutanes, and not a direct cyclic process."'** 

Chlorinolysis as represented in eq 20 is another example of SD2 displace- 

ment on dial_'Lylmercury (similar to oxygen-centered radicals), the driving force 

being derived by the formation of a strong Cl-Hg bond. Displacement by the 

ubiquitous trichloromethyl radical followed by a-elimination23 is less likely, 

Cl+? + R2Hg -_) R- + RHgCC13 -_) RligCl + C12C etc. (22) 

since there are dialkylmercury compounds which can react in CCL, vichout the 

formation of alkylmercuric chloride.' Finally, a molecule-assisted cleavage 

of dialkylmercury by CC& is conceivable,24 but the mechanism of such processes 

is unknown at this juncture. 

Conclusion 

%e have identified at least three concurrent processes vhen dialkyl- 

mercury(11) compounds react in carbon tetrachloride under free radical conditions 

First, alkylmercuric carboxylates are formed via SD2 displacement by oxygen- 

centered radicals derived from benzoyl peroxide but not butyryl peroxide. 

Second, the formation of metallic mercury by reductive e liminltioois*chaiP 

process propagated by trichloromethyl radicals. Third, alkylmercuric chloride 

is produced by chlorinolynis of dialkylmercury vith hexachloroethane, and it 

is not formed via alkylmercuri radicals under reaction coodifzLons. 

*The pentadrloroethpl ralicsl rather rhsn,F_orine atom mey be the actual chain- 
-c______ ..AC\ 
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These diverse observations can be accownodated vithin a single nechanisti 

framework. Econoxuy is emphasized in Scheme L, and only those steps which can 

be verified independently are included. 

Scheme I. 

Initiation: 

ccl,, 

c PC1 + co2 -I- Cl$- -c 

(PCO2)2 --cPCO2- 

R2Hg 

PCO2Q.R t R' + 

Propagation: 

%,R(-H) 

W&s aA3 C2Ck C2C1,+ + RCl 

RCl CCL+ RHgCl RzHg 

Termination: 

2c13c. e C2=6 

According to Scheme I, several radical intermediates are shared in cowaon 

during reductive elimination to uetallic mercury and substitution to alkyl- 

mercuric derivatives. Attack on dialkylmercury occurs primarily by S-hydrogen 

abstraction aad SH2 displacement. The role of alkylmercuri radical5 is 

uoimportant in substitution processes. No doubt other proces%es vill be un- 

covered wing to the presence of a realtlvely large variety of reactive 

intermediates during the decompcsieion of ciialkylmercury iu carbon tetra- 

&&ride, and they must avdt further studies. 
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Relative Yield of Isobutyl and h'eopentyl Chlorides. 

The reactions summarized in Table III were all run in sealed tubes in vacua -- 

as described in detail previously.1 

~lkyl~rcuric Salts from Benxoyl Peroxide-Initiated Reactions 

A sealed tube containing a degassed solution at 1.12 g di-n-butyl- 

mercury. 0.083 g benzoyl peroxide, and 6.0 ml carbon tetrachloride in v.scuo 

was heated for 7 hours at 1OO'C. A portion of the product solution was cooled 

to -20°C. It produced vhite crystals which after several pentane washes at 

-20°C were recrystallized from ethanol, mp 129"-13O“C (litz3 mp 129OC). A 

second portion was placed in a flask on a vacuum line whereupon the volatile 

components were removed by vacuum transfer. The nmr spectrum of the non-volatile 

components was examined by comparing the integration of the benxoate protons 

against the butyl protons. The n-butylnercuric derivatives were found to consist 

of a mixture containing 42% of the benzoate and 58% of the chloride szlts. A 

sample of the non-volatiles was placed on a tic plate coated with Corasil I 

and eluted with benzene. The presence of n-butylmercuric chloride (Rf 0.76) 

and n-butylmercuric benzoate (Rf 0.05) could be confirmed. Unfortunately, 

column chromatography could not be applied on a larger scale separation of 

these products, since alkylmercuric salts are known to undergo symmetrization 

on both almina and silica gel supports under such conditions.30 

Stereochemicd studies. 

A 25 ml flask containing a stirring bar was sealed vith a rubber septum 

and flushed thoroughly vLth argon. To the flask was added 2 ml of a 1.0 H 

solution of the appropriate organometal dissolved in TRY and 5 ml butane internal 

standard. An aliquot of the appropriate 2,3-dibromobutane corresponding to 

1.0 nasoluas injected. Reactions with methylmagnesium bromide were stirred 

for one half hour at room temperature. Those with di-n-propylmercury were 

heated in an oil bath at 8O'C for 2 houre. Yields of da- and trans-butene-2 

were determined by gas &romatography. 
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Isotope Effects on Reactions Leading to Alkylrmercu&c Chloride. 

The reaction of di-n-heptylmercury-3,+dZ was carried out as previously 

describedl, after vhich the products were cooled to -2OOC. At this temperature 

n-heptylmercuric chloride precipitated as white crystals which were isolated 

and cleaved wfth a solution of bromine in ether. The ethereal solution was 

washed with sodium thiosulfate solution, and dried. Distillation of the 

ether afforded a mixture of deuterated and non-deuterated bromides vhich was 

subjectea to mass spectral analysis. I'be molecular ion was observed at m/e 

178 and 180 for the protio compound and at m/e 180 and 182 for the deuterium 

compound. The ratio of the intensities of the peak at m/e 182 to that at m/e 

178 was 0.9 averaged for four spectra. Due to the low intensity of the molecula 

ion, the M-43 peaks corresponding to loss of CsH7 (m/e = 135, 137. 139) were 

also examined. The average intensity ratio of the peek m/e = 139 to the peak 

n/e = 135 was 1.3. 
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