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SUMMARY 

Phenyl(l,l-dichloroethyl)mercury has been prepared via l,l-dichloroethyl- 
lithium and evaluated as a potential CH3CC1 transfer agent. Although this mercurial 
reacted with triethylsilane to give Et,SiCHCICH, (35%) and with allyltrimethyl- 
silane to give l-chloro-l-methyl-2-(trimethylsily~ethyl)cyclopropane (31%), its 
principal mode of reaction involved elimination of hydrogen chloride_ The products 
resulting from this elimination were benzene (from HCI cleavage of Ph-Hg bonds) 
and redistributed mercury compounds containing the concomitantly formed 
Hg-CCl=CH2 moiety. Possible reasons for this unexpected reaction are discussed. 

IhlRODUCTION 

We have repor 
mercury compounds 

ted recently concerning our studies of the application of organo- 
of type PhHgCXtR [R=Ph’, CF, 3, CR’(OR”), “1 as RCX 

transfer agents In view of the results obtained with PhHgCX,CF, compoupds, a 
study of analogous PhHgCX,CH3 systems was of interest, expecially since at the 
time this work was begun, no example of successful alkyl-C-X transfer to an olefin, 
to give a 1-alkyl-1-halocyclopropane, had been reported. 

Although the chemistry of simple alkyl- and dialkylcarbenes is well under- 
stood’, relatively iittle work has been devoted to alkylhaIocarbenes. Alkylchloro- 
carbenes (or “carbenoids”) have been generated by ~-elimination of HCl (using an 
organolithium as base) from 1,1-dichloroalkanes or by the reaction of alkyllithium 
reagents with dichIorocarbene’_ Such intermediates, once formed, either rearranged 
via hydrogen migration to give a 1-chloroalkene (eqn. 1) or reacted with RLi present 
to give a dialkylcarbene (eqn. 2). Methylchlorocarbene, generated by RLi attack on 

,A- RCH=CHCI (1) 

RCH2CC’ <R,_P,,R -UC1 _ RCH2CR, (2) 

I 
ii 

* For Part XLVI see rei. 1. 
* National Science Foundation Graduate Fellow, 1967-1970. 
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IJ-dichloroethane, was foui;d to react exclusively in the sense of eqn. (2)“_ However, 
methylchlorocarbene generated by photolysis of methylchlorodiazirine rearranged 
(eqn. 1) to give vinyl chloride as the only organic product’~*. Landgrebe and Mathis 
attempted the addition of organomercury compound-derived alkylchlorocarbenes 
to olefins, but without success, rearrangement as in eqn. (1) being the only process 
observed (eqn. 3). Methylchlorocarbene was not included in their study although an 

RR’CH-Hg-CCI,CHRR’* + RR’C=CHCl+RR’CH-HgCI (3) 
(a) R=R’=Me (c) R=Pr; R’=H 
(bjR=Et;R’=H (d)R=Et;R’=Me 

appropriate precursor, CH,HgCCl,CH3, had been prepared and had been reported 
in an accompanying publication lo In spite of these rather negative reports in the . 
previous literature, we felt it would be worthwhile to prepare phenyl(l,l-dichloro- 
ethyl)mercury and to examine its potential application as a CH&Cl transfer agent. 

,RESULTS AND DISCUSSION 

Phenyl(l,l-dichloroethyl)mercury was prepared in good yield by the low 
temperature reaction of l,l-dichloroethyllithium (a reagent which-we had described 
in an earlier paper of this series”) with phenylmercuric chloride (eqn. 4)_ This mer- 
curial, a white crystalline solid, appeared to be stable to air and moisture but de- 

BuLil- 100” PhHeCl 

HCC12CH3 --, LiCCl,CH, A PhHgCCl,CH3 
THF/hlezO 

(67%) 

compbsed slowly on storage at room temperature. Lt could be kept undecomposed 
indefinitely at 5”. Its reaction with anhydrous hydrogen chloride gave benzene and 
l,l-dichloroethyhnercuric chloride in high yield. 

Thermal decomposition of phenyl(l,l-dichloroethyl)mercury occurred readily 
when it was heated in benzene at 80” for 53 h in the presence of an excess of cyclo- 
octene. However, no 9-methyl-9-chlorobicyclo[6.1.0]nonane was formed in this 
reaction_ Although phenylmercuric chloride, the expected product of a-elimination, 
was isolated in 23 % yield, the major component of the nonvolatile reaction products 
was identified as 1-cblorovinylmercuric chloride, CH,=C(CI)HgCI. A minor conta- 
minant, l,l-dichloroethylmercuric chloride, also was present, and the combined yield 
of the latter two products was ca. 65%. When phenyl(1,l-dichloroethyl)mercm-y was 
decomposed by heating in chlorobenzene solution in the absence of an olefin, the 
same products wereobtained : PhHgCl, 17% ; CH,=C(Cl)HgCl, 30% ;CH,CCl,HgCl, 
16%. Also present were benzene (67% based on starting mercurialj and two diorgano- 
mercury compounds, tentatively identified as (CH2=CC1)2Hg and CH,CCl,Hg- 
CC1=CH2 on the basis of their thin-layer chromatographic properties and their NMR 

spectra. The formation of these products can be rationalized in terms of processes 

l Prepared by Ccl, insertion in the C-Hg bond of the respective (RR’CH),Hg compounds, an interesting 
reaction but not one that appears to be of synthetic utility“‘_ 
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such as those shown in eqns. (5~(12). 

PhHgCClaCH, - PhHgCCI=CH, +HCl (5) 
PhHgCCl,CH, + HCI - &He +ClHgCCl,CH, (6) 
PhHgCCI=CHz + HCI - C6H6 + CIHgCCl=CHz (7) 
PhHgCC12CHX t-ClHgCCl=CH 2 - PhHgCl + CH,CCl,HgCCl=CH, (8) 
CH&Cl,HgCCl=CH, - Hg(CCl=CH,), +HCI (9) 
ClHgCCl,CH, - CIHgCCI=CH2 + HCI (10) 
2 PhHgCCl,CHs - PhzHg + Hg(CCl,CHs), (11) 
(CH,CCGHg - CH,CCI,HgCCl=CH, + HCl (12) 

The formation of benzene is a strong indication that hydrogen chloride elimination 
from a CH,CCl,-mercury compound has taken place, and the other reaction types 
shown above (substituent redistribution and electrophilic Hg-C cleavage) are known 
to occur readily in organomercury systems l 2. 

Some other experiments are pertinent to this discussion_ Already mentioned 
has been the cleavage of PhHgCCl,CH, by hydrogen chloride, and so the reactions 
in eqns. (6) and (7) most certainly will occur ifHC1 is generated. The HCl elimination 
reaction was examined more closely in the case of l,l-dichloroethyhnercuric chloride. 
-When a solution of this compound in benzene was heated at reflux for 72 h, hydrogen 
chloride was detected in the vapor above the reaction mixture, but the starting mercury 
compound was recovered in 84% yield. However, when CH&CI,HgCl was heated 
without solvent in a sublimator at 130-140”, hydrogen chloride was given off and 
1-chlorovinylmercuric chloride (75-80x purity, as estimated by NMR) was obtained. 
These results suggest that the process in eqn. (10) [and, by inference, in eqn. (5)] can 
occur, but such a process would appear to be reversible, the equilibrium being driven 
to the right when the hydrogen chloride is efficiently removed from the system. 
This premise was tested by heating a chlorobenzene solution containing equimolar 
amounts of l,l-dichloroethylmercuric chloride and diphenyhnercury at 85-99, the 
latter having been added as an HCl scavenger. The yield of benzene obtained in this 
reaction showed that at least 4976 of the l,l-dichloroethyl groups charged had elimi- 
nated HCI. The yield of phenylmercuric chloride was 35 % in excess of that expected, 
an observation which is explicable in terms. of substituent exchange reactions of the 
type shown in eqn. (13). 

RHgCl+ Ph,Hg - PhHgCl + PhHgR 
R = CH,CCl, and CH,=C(Cl)- 

(13) 

The results described above are in contrast ot the work of Landgrebe and 
Mathis [i.e., eqn. (3)] who did not note hydrogen chloride elimination in analogous 
systems. However, the compounds they investigated did not contain phenyl-mercury 
linkages which would scavenge HCl much more effectively than alkyl-merculy bonds- 
To test the effect of this variable, isopropyl(a,a-dichloroisobutyl)mercury’” was de- 
composed in solution, in the presence and in the absence of added diphenyhnercury. 
When diphenyhnercury was not present, the results of Landgrebe and Mathis were 
confirmed : isopropylmercuric chloride and l-chloro-2-methylpropene were formed 
in nearly quantitative yield, 99% and 86%, respectively_ Thus under these conditions 
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only the a-elimination products are-obtained. In the presence of diphenylmercury, 
however, the course of the reaction was altered markedly. Isopropylmercuric chloride 
and l-chloro-2-methylpropene again were obtained, but the chloroolefm yield was 
only 50%. Benzene (21%, based on conversion of PhzHg to C6H6 + PhHgCl) and 
phenylmercuric chloride were produced, and so some HCl elimination must have taken 
place. The nonvolatile residue from the reaction mixture was examined by NMR 
spectroscopy. The presence of isopropylmercuric chloride was indicated, but addi- 
tional signals, two overlapping singlets at 6 1.95 and 1.97 ppm, suggested the presence 
of the l-chloro-2-methylpropenylmercury moiety, Me,C=C!(Cl)Hg-, with its non- 
equivalent methyl groups. (Note that the CH3 signals of Me,C=CHCl appear as a 
broad singlet at 1.77 ppm.) It seems then that two reaction paths are available for 
thermal decomposition of 1,l-dichloroalkylmercm-y compounds : (a) HCl elimination 
which occurs readily when R and R’ in eqn. (14) are hydrogen and which occurs to 
some extent when R and R’ are methyl groups when an HCI scavenger is present; 
(b) a-elimination of Hg-Cl, which appears to be the exclusive process when the sub- 
stituents R and R’ are a combination of H and alkyl in the absence of an effective HCl 
scavenger such as diphenylmercury. Path (b) also is the exclusive process occurring 
on thermolysis of phenyl(l,l-dichloro-2,2-dialkoxyethy1)mercm-y compounds” even 
in the presence of HCI-labile Ph-Hg bonds*. 

The apparent sensitivity of the reaction path (a) us. (b) to substituents at the 
#?-carbon atom provides the basis for a simple explanation of the above observations 

(Scheme 1). It is postulated that the a-elimination/hydrogen migration sequence 
proceeds by way of an initially poIarized species, (I), which can rearrange, either 
directly (B-l), migration providing anchimeric assistance for the elimination, or 
through a free carbene intermediate (B-2), generated in a reversible, rate-determining 
step analogous to the generation of dichlorocarbene from PhHgCCltBr13. In either 
case, the partial positive charge at the a-carbon atom of (I) would be relieved, but a 
similar partial positive charge would be expected to develop at the &carbon atom 
during the hydrogen -migration l4 The latter charge would be stabilized by alkyl or . 
alkoxy substituents on the j? carbon, and hence path (B) occurs readily when these 
substituents are present. In the case of PhHgCCI,CH3, a. partial positive charge 
would not be stabilized effectively at the p-carbon atom and aelimination/hydrogen 
migration are much slower. We suggest that hydrogen chloride elimination [path (A)] 
also proceeds via the species (I). Relief of the partial positive charge induced by 

* An akmate explanation consistent with these observations and those of Landgrebe and Mathis is 
possible; namely that alI RHgCCl,CHRX” compounds decompose primarily via HCI elimination fo give 
RHgCCkCR’R”- The formation of the observed pyrolysis products, RHgcl and CHCFCR’R”, then 
wouId result from HCl cleavage of the Hg-CCkCRR” bond When diphenyImercury is added to such a 
system. the Ph-Hg bond, of course, would compete for the HCI formed; benzene also would be formed 
and some Hg-CCkCR’R” moieties would remain. However, we prefer the explanation given above. 
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mercury at the a-carbon atom would be accomplished by a process analogous to 
hyperconjugation as outlined in Scheme 1. 

Although cyclooctene has served very generally as a carbene “trap”, we felt 
that the decomposition of phenyl(l,l-dichloroethyl)mercury in the presence of some 
other substrates which are known to be particularly effective reactants for divalent 

-HgCCl&HRR’ 
\ 

! ti+ ,c”t H 

- Hg\;____l R* 

I \ 
Cl R 

I 
-HgCCI=CRR’ -I- HCI 

Path B-l 

I 
(carbenoid) 

Path B-2 

I 
(carbene) 

- HgCi + HCCI=CRR’ 

carbon transfer reagents (carbenes or carbenoids) might be worth investigating. 
Therefore the reactions of this mercurial with triethylsilane and ahyltrimethylsilane 
were studied. 

Reaction of phenyl(l,l-dichloroethyl)mercury with an excess of triethylsiIane 
in the absence of solvent at 80-8s” for 72 h gave the expected insertion product in 
35”! yield, together with products resulting from the reduction of phenylmercuric 
chloride&y the excess of silicon hydride (eqns. 15 and 16). When the reaction was. 
carried out in benzene solvent using a smaller excess of Et,SiH, the Si-H insertion 

PhHgCC!,CH, +Et,SiH - Et,SiCHCICH, + PhHgCl (15) 
PhHgCi+Et,SiH + Et,SiCl+Hg+C,H, (16) 

product yield was only 12 % and products stemming from HCl elimination from the 
starting mercurial also were present. CH3CCl transfer from phenyl(l,l-dichloro- 
ethyl)mercury to allyltrimethylsilane also was observed. A reaction carried out in 
carbon tetrachloride solution (so that if benzene was formed, it could be detected) 
at 80-8s” for 69 h gave a mixture of both isomers of I-chloro-1-methyl-2-(trimethyl- 

Me,SiCH, 

PhHgCCIZCH3 + CH2=CHCH2SiMe3 - -I- Ph HgCI (17) 
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silylmethyl)cyclopropane in about 31% yield (eqn. 17). Phenylmercuric chloride was 
isolated in 43% yield and benzene was present in 24o/0 yield. The presence of benzene 
indicates that some HCl elimination had taken place. In another experiment infrared 
spectroscopy indicated the presence of a CH,=C(dl)-mercury compound. 

Among the known and synthetically useful reactions of phenyl(halomethyl)- 
mercury compounds are “one-pot” Wittig reactions in which the mercurial, triphenyl- 
phosphine and an aldehyde or a ketone are heated in a solvent to give a haloo!efm, 
triphenylphosphine oxide and phenyhnercuric halide3*15. When such a reaction was 
attempted with PhHgCClzCH, using benzaldehyde as the carbonyl compound, only 
benzene and a solid, (Ph3P)2HgC12, were isolated. When the reaction between the 
mercurial and triphenylphosphine was carried out in the absence of_benzaldehyde, 
the same products were observed. The brown oil obtained after evaporation of the 
volatiles from the filtered reaction mixture could not be distilled. When distillation 
was attempted, a solid sublimed which was identified as Hg(CCl=CH&. The forma- 
tion of the latter can be rationalized in terms of the reaction sequence given by eqns. 
(5), (7) and (18). I n support of eqn. (18), it is known that the action of triphenyl- 

2 ClHgCCl=CH, +2 Ph,P - Hg(CCl=CH,),+ (Ph,P),HgCl, (18) 

phosphine on trichlorovinylmercuric chloride gives bis(trichlorovinyl)mercury and 
(Ph3P),HgC12? 

CONCLUSIONS 

This study has shown that phenyl(l,l-dichloroethyl)mercury is capable of 
adding CH,CCl to the C=C bond of allyltrimethylsilane and inserting CH3CCl into 
the Si-H bond of triethylsilane, reactions characteristic of phenyl(halomethyl)- 
mercurials. However, the general applicability of such reactions remains to be 
investigated. It is clear, however, that the use of phenyl(l,l-dichloroethyl)mercury 
as a CH3CCl transfer agent is complicated by and most likely will be severely limited 
by (cf: the case of the reaction with cyclooctene) the other thermolytic reaction it 
can undergo, hydrogen chloride elimination to give an a-chlorovinylmercury com- 
pound. This alternative method of decomposition is doubly troublesome when 
CH&Cl transfer is being sought since the HCl generated can destroy starting material 
by cleavage of its Ph-Hg linkage. A rationalization of the two modes of PhHgCCl,- 
CH, reaction has been presented, but this is by no means proven. We hope that 
further work in these Laboratories will rntike available more useful and generally 
applicable organometal-based CH&Cl transfer systems. 

Very recently, it has been reported that the CHsCCl generated by methyl- 
chlorodiazirine photolysis can be intercepted in part (before hydrogen migration to 
give vinyl chloride is complete) when olefins are present in the reaction mixture’7. 
However, in only one example, that of isobutene, was a yield of cyclopropane given, 
and this was estimated to be 5-1Oo/o_ In view of the low yield reported, this procedure 
does not appear to have much significance in terms of synthetic applications. Another 
reaction described only very recently is the thermolysis at 235” of CH$Xl,SiF,Cl, 
which very likely proceeds via a-elimination of SiF&, giving CH,CCl which re- 
arranges to vinyl chloride, the observed productl’. 
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EXBERIMENTAL 

General comments 
All reactions were carried out in flame-dried glassware under an atmosphere 

of prepurified nitrogen usin g rigorously dried solvents. Dimethyl ether, a gas, was 
dried by passing it through a drying tower of magnesium sulfate/calcium chloride 
and condensing it directly into the. precalibrated reaction vessel. n-Butyllithium was 
obtained from the Foote Mineral Co. as a hexane solution which was standardized 
prior to use. Infrared spectra were recorded using a Perkin-Elmer Model 337,237B 
or 257 grating infrared spectrophotometer, NMR spectra using either a Varian 
Associates A-60 or T-60 spectrometer. Chemical shifts are expressed in 6 units, using 
either tetramethylsilane (TMS) (0.00 ppm) or chloroform (7.27 ppm) as internal 
standards. 

Gas-liquid partition chromatography (GLC) was used routinely for yield 
determinations and for collection of analytical samples. Commercial stainless steel 
columns were employed with either an F.&M Model 700,720, or 5754 gas chromato- 
graph. Several different columns were used : (A) 6 ft x 0.25 in 10% DC-200 silicone oil 
(5754); (B) 4 ft x 0.25 in 10% UC-W98 silicone rubber (5754); (C) 6 ft x 0.25 in 10% 
Carbowax 20M (5754); (D) 6 ft x 0.25 in 20 % DC-200 silicone oil (700 or 720); (E) 
6 ft x 0.25 in 20% UC-W98 silicone rubber (700) ; (F) 6 ft x 0.25 in 20% XE-60 silicone 
gum nitrile (700 or 720); (G) 12 ft x 0.25 in 30% Carbowax 20M (700); (II) 6 ft x 0.25 
in 20”/0 polyphenyl ether (700) ; (I) 6 ft x 0.25 in 20% Carbowax 20M (700) ;(J) 6 ft x 0.25 
in 20% Apiezon L (5754) ; (K) 6 ft x 0.25 in 20% Apiezon L (720); and (L) 4 ft x 0.25 
in 207” LAC 728 (700). All columns were packed on acid-washed, dimethylchloro- 
silane-treated Chromosorb W; a helium carrier gas flow rate of 4060 ml/min was 
commonly employed. Internal standards were used in all yield analyses. Empirical 
response factors were determined separately using standard solutions. - 

Thin-layer chromatography (TLC) was carried out using Eastman silica gel 
TLC sheet, type K301-R. The sheet was developed using 20 % benzene in cyclohexane. 
After it had been dried, the sheet was visualized in an iodine chamber followed by 
spraying with 10% sodium sulfide in 50% aq. ethanol. 

Preparation of phenyl(l,l-dichloroethyl)mercury 
In a 500-ml Morton flask equipped with a high-speed stirring device (Labline 

Catalog No. 1280), a pressure equalizing dropping funnel, and a Claisen adapter 
topped with a rubber septum and a nitrogen inlet tube was prepared a solution of 
9.99 g (101 mmoles) of 1,1-dichloroethane (dried over CaCl, and distilled, b-p. 57-58O) 
and 35 ml of dimethyl ether in 100 ml of THF. To this solution, kept at - 10s” to 
- 115O throughout, was added dropwise 63 ml of 1.60 N n-butyllithium in hexane 
(101 mmoles) over a 20 min period. After the mixture had been stirred for 2 h, 33.0 g 
(105 mmoles) of phenylmercuric chloride was added. Stirring was continued for 2 h 
at - 110”. The reaction mixture was allowed to warm slowly to room temperature, 
at which point the volatiles were removed from the clear, dark solution under reduced 
pressure. The grey-white solid residue was extracted with two 400-ml portions of 
benzene. The combined benzene solutions were liltered and evaporated under reduced 
pressure, leaving a white powdery solid. Crystallization at 5O from 1500 ml of per&me 
afforded 15.6 g (41%) of the mercurial as short white needles, m-p. 8%90° (slow 
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decompn. above 100°). A second crop was isolated from the concentrated mother 
liquor : 9.8 g (26%)) m-p. 86-88”. A third crop was also obtained but was found to 
contain small amounts of impurity by infrared analysis: 6.2 g (16%) m-p. 73-76O_ 
IR (KBr): 3057 m, 3040 m, 2967 w, 2950 VI, 2907 w, 2838 w, 1941 w, 1882 sh, 1867 w, 
1807 w, 1575 w, 1479 m, 1430 s, 1371 m, 1163 w, 1101 w, 1077 m, 1061 sh, 1051 vs, 
1023 sh, 1012 vs, 996 m, 903 w, 730 vs, 722 vs, 693 vs, 618 vs, 450 sh, and 433 s cm-‘. 
NMR (CDCI,): 8 2.38 [s, J(“‘Hg-H) 42.5 Hz, 3H, HgCCl,CH,j and 7.23 ppm 
(m, 5H, Ph). 

A recrystallized sample, m.p. 76-79O, was obtained in a separate experiment. 
Although its crystalline form (amorphous) was decidedly different and its melting 

point was somewhat lower, an infrared spectrum showed it to be identical to the 
sample with m-p. 88-90” obtained above_ (Found: C, 25.68; H, 2.21; Hg, 53.47. 
dsH&l,Hg calcd. : C, 25.58 ; H, 2.15 ; Hg, 53.40%) 

Reaction of phenyI(l,l-dich!oroethyi)ntercnry with anhydrous hydrogen chloride 
A solution of 5.65 g (15.0 mmoles) of the mercurial in 50 ml of chlorobenzene 

was placed in a 100~ml three-necked flask equipped with a magnetic stirring unit, 
a gas bubbler tube, and a gas exit tube. The flask was cooled in an ice bath and 
anhydrous hydrogen chloride (Matheson) was bubbled vigorously into the stirred 
mixture. A white precipitate formed very quickly and the ice bath was removed. 
After 30 mm, the introduction of HCI was discontinued and the reaction mixture 
was stirred for 1 h at room temperature_ -Filtration afforded 3.63 g of white solid, 
m-p. 158” (dec.), which was recrystallized from 5/l CCIJCHCI, in two portions to 
give 2.99 g of l,l-dichloroethylmercuric chloride, long white needles, m-p. 162O (dec.). 
The filtrate was trap-to-trap distilled into a receiver at -78O (25”iO.lO mm), leaving 
1.37 g of white solid residue. This residue, combined with the mother liquor from 
above, was used to crystallize an additional 0.96 g of product, m.p. 161” (dec.), for 
a total yield of 79:‘. A recrystallized sample, m-p. 163” (dec.), was characterized. 
NMR (CDCI,): S 2.52 ppm (s, CH,CCl,). IR (KBr): 2985 sh, 2970 w, 2922 w, 2855 w, 
1432 m, 1368 m, 1261 w, 1094 s, 1057 s, 1029 s, 697 m-broad, 652 w, and 452 w cm-‘. 
(Found: C7.53; H, 0.91; Cl, 31.92. C2H,Cl,Hgcalcd_: C7.19; H,0.90; Cl, 31.85”/,.) 
l,l-Dichloroethylmercuric chloride was found to give off fumes of HCI when melted 
in a small capillary_ 

Analysis of the trap-to-trap distillate from the cleavage reaction by GLC 
(Column C, 112”, toluene standard) indicated the formation of benzene in 88% yield. 

Reaction of phenyl(l,l-dichloroethyl)mercury with cyclooctene 
A solution of 7.513 g (20.0 mmoles) of the mercurial and 4.99 g (44.4 mmoles) 

of cyclooctene (distilled from sodium) in 20 ml of benzene was prepared in a lOO-ml 
flask equipped with a magnetic stirring device and a condenser with a nitrogen inlet 
atop. The reaction mixture was stirred and heated in a 90-100” oil bath for 53 h. 
During this time the solution became dark and a grey-white solid precipitated. 
Examination of the reaction mixture by TLC showed only a faint trace of dialkyl- 
mercury compound(s) (possibly starting mercurial) and a very heavy concentration 
of products which spotted near the origin. Crude phenylmercuric chloride, m-p. 
248253O (1.46 g, 23%) was filtered. Trap-to-trap distillation of the filtrate into a 
receiver at -78” (30°/0.04 mm) left 4.77 g of dark solid residue. The distillate was 
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examined by GLC (Column A, 80-180°) and was found to contain only trace amounts 
of products (t5”!)_ The residue was sublimed in two stages : (a) SO” oil bath/O.04 mm, 
1.24 g oily white solid; and (b) Ss”/O.O4 mm, 2.75 g white solid. Both portions had a 
strong noxious odor and were treated with due caution. The more volatile sublimate 
(u) was crystallized from chloroform/carbon tetrachloride to give white needles, 
m.p. 131-133”, which were identified as 1-chlorovinylmercuric chloride, ClHgCCl= 
CH2. NMR (CDCIJ : b 5.43 (d, J 2.1 Hz, 1H) and 6.02 ppm (d, J 2.1 Hz, 1 H). An 
analytical sample was obtained by recrystallization from chloroform/carbon tetra- 
chloride as platelets, m.p. 132-133”. IR (CHCI,): 3010-2860 w (br), 1591 m (C=C), 
1082 s, 1055 sh, and 903 vs (=CH,) cm-r. (Found : C, 8.14; H, 0.75. C,H,&Hg calcd. : 
C, 8.07; H, 0.68. The less volatile sublimate (b) had m-p. 98-107c as obtained and was 
crystallized from 25 ml of chloroform to give 1.69 g of amorphous solid, m.p. 105-108’. 
The NMR spectrum of this material showed doublets attributable to lchlorovinyl- 
mercuric chloride and a sharp singlet at 6 2.55 ppm. Because TLC had shown that 
no dialkylmercury compounds were present in the sublimate, the 6 2.55 resonance 
was considered evidence for the presence of l,l-dichloroethylmercuric chloride (see 
above). The ratio of the vinyl- to ethylmercuric chloride was greater than 3/l (via 
NMR). The total weight of sublimates (3.99 g) represented a 6467% yield of alkyl- 
mercuric halides based on the dichloroethyl groups in the starting mercurial. 

Thermal decomposition of phenyl(l,l-dichloroethyl)mercrcry without substrate 
A solution of 2.757 g (7.34 mmoles) of phenyl(l.l-dichloroethyl)mercury in 

15 ml of chlorobenzene was prepared in a 50-ml flask equipped with a magnetic 
stirring apparatus anda condenser topped with a nitrogen inlet. The reaction mixture 
was stirred in an 87-95O oil bath for 48 h. At the end of this time the solution was 
allowed to cool and then was filtered from 0.380 g (17%) of crude phenylmercuric 
chloride (identified by IR). The reaction filtrate was trap-to-trap distilled (30”/0.04 
mm) into a receiver at -78”, leaving 1.957 g of solid residue. GLC analysis of the 
distillate (Column C, 112’, toluene standard) showed that benzene, identified by 

means of its GLC retention time and NMR spectrum, had been formed in 67”/, yield. 
The distillation residue was crystallized from 250 ml of hexane in three crops: (n) 
0.774 g, m.p. 89-94O ; (b) 0.088 g, m-p. 92-93O, on cooling the mother liquor from (a) 
to - 10” ; and (c) 0.134 g, m-p. 108-l lo”, on concentrating and cooling the mother 
liquor from(b). NMR analyses (in CDC!,) showed that each of the crops was a mixture 
of l-chlorovinylmercuric chloride [S 6.03 (d, 1 H, J 2 Hz) and 5.43 ppm (d, 1 H, J 2 Hz)] 
and 1,ldichloroethylmercuric chloride [S 2.50 ppm (s)J_ The estimated yields (via 
NMR) were 30% and 16”/, respectively. Evaporation of the hexane mother liquor 
from (c) above left a light brown solid. An NMR spectrum of this material (CDCl,) 
showed it to be a mixture of diaikylmercury compounds ; doublets at 6 5.88, 5.83 
(overlapping), and 5.33 ppm (J- l-2 Hz, ratio (“5.83”+“5.88”)/“5.33”= l/l) and a 
singlet at 6 2.37 ppm were tentatively attributed to a mixture of bis(l-chlorovinyl)- 
mercury and 1-chlorovinyl(l,l-dichloroethyl)mercury (vinyl/ethyl ratio 2.2/l). The 
mixture turned black on standing overnight. 

Thermal decomposition of l,l-dichloroethylmercuric chloride 
(a). In benzene. A solution of 0.845 g (2.50 mmoles) of l,l-dichloroethyl- 

mercuric chloride in 10 ml of benzene was prepared in a 50-ml flask equipped with 
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a magnetic stirring unit and a condenser topped with a gas exit tube which led to a 
nitrogen bubbler. 

The reaction mixture was heated for 3.0 days in an 85-95” oil bath. During 
this time moist neutral litmus was found to turn red (HCl fumes) when contacted 
with the vapors at the upper end of the condenser. However, on cooling, 0.707 g 
(84%) of the starting alkylmercuric halide, m.p_ 163-164O; was recovered. 

(b). Without solvent. A small sublimator containing 0.334 g (1.0 mmole) of 
l,l-dichloroethylmercuric chloride was heated under nitrogen in a 130-i40° oil bath 
for 2 h. On cooling, 0.93 g of white fiakey solid was scraped from the probe and the 
sides of the apparatus leaving a dark tar at the bottom. NMR analysis showed the 
solid to be 75-80% pure l-chlorovinylmercuric chloride contaminated with starting 
l,l-dichloroethylmercuric chloride and a trace of an unidentified impurity character- 
ized by a singlet at 6 1.53 ppm in its NMR spectrum_ 

Thermal decomposition of l,l-dichloroethylmercuric chloride with diphenylmercury 
A solution of 0.668 g (2.0 mmoles) of i,l-dichloroethylmercuric chloride and 

0.710 g (2.0 mmoles) of diphenylmercury in 10 ml of chlorobenzene was prepared in 
a 50-ml flask equipped with a magnetic stirring unit and a condenser topped with a 
nitrogen inlet tube. The solution was heated in an 85-95O oil bath for 48 h, allowed 
to cool, and then filtered from 0.835 g (2.66 mmoles) of phenylmercuric chloride, 
m-p. 254257O. Trap-to-trap distillation of the filtrate into a receiver at -78” (2?/0.03 
mm) gave a clear solution and 0.494 g of white solid residue. GLC analysis of the 
filtrate (Column C, 112O, toluene standard) showed the presence of benzene (0.97 
mmoles) which was identified by its GLC retention time. An NMR spectrum of the 
distillation residue showed it to be a complex mixture oforganomercury compounds. 
A singlet at 6 2.50 ppm was assigned to the starting ethyhnercuric halide while doublets 
at 6 5.87,5.82 and 5.35 ppm (J N 1.5 Hz, 2/l 3/l 5 ratio) and a singlet at 6 2.37 ppm were 
believed to be due to a trace of bis(l-chloroviny1)mercur-y and a significant amount 
of 1-chlorovinyl(l,l-dichloroethyl)mercury_ TLC confirmed the presence of both 
dialkylmercury compounds and alkylmercuric halides, but further attempts at separa- 
tion proved unsuccessful. 

Thermni decomposition of isopropyl(a,a-dichloroisobutyl)mercury 
(a). In benzene. A solution of 1.68 g (4.55 mmoles) of isopropyl(a,a-dichloro- 

isobuty1)mercm-y lo in 10 ml of benzene was stirred for 50 h in a 75-85O oil bath 
under nitrogen_ At the end of this time, TLC showed that the starting mercurial had 
decomposed completely. The cloudy reaction solution was trap-to-trap distilled into 
a receiver at -78” (25”/0_10 mm), leaving 127 g of white solid which was identified 
as crude isopropylmercuric chloride (99 oA yield), m.p. 87-890 on the basis of its NMR 
spectrum A sample which was twice recrystallized from ethanol had m-p. 9495O 
(!it.’ 94-95O). NMR (CDCla): 6 1.50 (d, J 7 Hz, 6 H, CH3) and 2.60 ppm (septet, 
J 7 Hz, 1 H, CH). The distillate was examined by GLC (Column C, 700, toluene 
standard) and was found to contain a single major product which eluted before the 
solvent benzene. This product was identified as the expected’ 1-chloro-2-methyl- 
propene [see part (b)] and was found to be present in 86% yield. 

(b). With diphenylmercury in chlorobenzene. Using the procedure outlined in 
part (u) above, 1.61 g (4.36 .mmoles) of isopropyl-a,a-dichloroisobutylmercuty and 
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1.55 g (4.36 mmoles) of diphenylmercury in 10 ml of chlorobenzene were stirred in 
an 80-8s” oil bath for 40 k At the end of this time the reaction mixture was allowed 
to cool and 0.166 g (0.53 mmoIes, 12% based on starting diphenylmercury) of phenyl- 
mercuric chloride, m-p. 253-256” (residue), was fi!tered. The filtrate was again heated 
for 12 h; on cooling no additional precipitate was evident. Trap-to-trap distillation 
of the reaction soiution (25”/0.04 mm) gave a clear mixture of volatiles which was 
examined by GLC (Column C, 70”, toluene standard). In addition to I-chloro-Z 
methylpropene, found in 50% yield, the distillate also contained benzene in 21 oA yield. 
Product identification was based on GLC retention times and NMR spectra ; authentic 
-samples of both products were available. The distillation residue also was examined 
by NMR. In addition to the resonances observed for isopropylmercuric chlotide in 
the preceding experiment, the spectrum (in CDCI,) contained a multiplet in the 
6 7.0-8.0 ppm region attributable to phenylmercury compounds, and a pair of over- 
lapping singlets at 6 1.95 and 1.97 ppm. The latter were attributed to the nonequivalent 
methyl groups of l-chloro-2-methylpropenylmercuric chloride or .bis(l-chloro-2- 
methylpropenyl)mercury. An infrared spectrum (KBr) of the same mixture had a band 
of medium intensity at 1628 cm-’ (C=C), which supports this assignment. 

Reaction of phenyZ( 1,l -dichloroethyl)mercury with triethylsilane 
Into a SO-ml three-necked flask equipped in the usual way was placed 3.76 g 

(10.0 mmoles) of the mercurial and 7.3 g (63 mmoles) of triethylsilane (Peninsular 
ChemResearch, distilled from LiAlHJ in 10 ml of benzene. The solution was heated 
at reflux (90°) for 69.5 h. At the end of this time a white solid and metallic mercury 
were filtered from the yellow solution. The solid was taken up in dimethylformamide 
(DMF), allowing the mechanical separation of 0.582 g (28%) of mercury. Evaporation 
of the DMF at reduced pressure left a white solid which was washed with 2/l benzene/ 
hexane to give 0.64 g (20%) of phenylmercuric chloride, m-p. 251-254”. The reaction 
filtrate was trap-to-trap distilled into a receiver at -78”, leaving 0.61 g of black tar. 
‘The major product was isolated by redistillation of the distillate (three components 
by GLC) using a short path apparatus. Material which was 70% pure, b-p. 77-7S”/76 
mm, was further purified by preparative GLC (Column D, 120”) and identified as 
triethylchlorosilane, r$j5 1.4288 (lit.” &’ 1.4299), by comparison of its infrared 
spectrum and GLC retention time with those of an authentic sample. The less volatile 
products were isolated by preparative GLC (Column D, 185O). The first was identified 
as I-chloroethyltriethylsilane, &3-S 1.4521 (lit. 2on’,” 1.4535). NMR(CCI,): 60.37-l-28 
(m, 15 H, Et,Si), 1.52 (d, J 7.6 Hz, 3 H, SiCClCH3), and 3.45 ppm (q, J 7.6 Hz, 1 H, 
SiCHCl). IR (film) : 2950 vs, 2905 vs, 2870 vs, 2800 sh, 1455 s, 1438 sh, 1414 m, 1376 w, 
1260 sh, 1236 m, 1169 w, 1070 sh, 1015 vs, 970 sh, 945 sh, 845 w, 833 w, 735 vs, and 773 s 
cm-‘. The last product was identified as hexaethyldisiloxane: nA3”-’ 1.4331 (lit.” &’ 
1.4323), infrared spectrum identical to that of an authentic sample. GLC analysis 
showed the following yields (Column A, 105-170°) : l-chloroethyltriethylsilane 
(dodecane standard), 18 %; triethylchlorosilane (chlorobenzene standard), 4.39 
mmoles; hexaethyldisiloxane (dodecane standard), 0.58 mmoles. 

In a second experiment, 1.878 g (5.00 mmoles) of the mercurial and 10 ml of 
triethylsilane were heated in an 80-89 oil bath for 72 h. The reaction mixture was 
trap-to-trap distilled directly from the reaction vessel (lOo”/O.OS mm) and analyzed 
by GLC as before to obtain the following yields: l-chloroethyltriethylsilane, 35x, 
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and triethylchlorosilane, 1.39 mmoles. Benzene, identified by its GLC retention time, 
also was detected, being present in 34% yield based on starting mercurial (Column C, 
70”, toluene standard). The solid which remained after the trap-to-trap distillation 
was extracted with benzene and washed onto a filter to obtain phenylmercuric 
chloride, m-p. 250-253O, with finely suspended particles of metallic mercury, 0.940 g 
total. The latter were separated (0.198 g, 20%) by dissolving the phenylmercuric 
chloride in dimethylformamide; thus the yield of phenylmercuric chloride was ca. 
0.742 g (47%). 

In a similar experiment, 3.76 g (10.0 mmoles) of phenyl(l,l-dichloroethyl)- 
mercury and 1.45 g (12.7 mmoles) of triethylsilane in 5.0 ml of benzene were heated 
94.5 h in a 7&75” oil bath. Filtration of the cooled reaction mixture afiorded 1.44 g 
(46%) of phenylmercuric chloride, m.p. 254-256O. Trap-to-trap distillation of the 
filtrate into a receiver at -78O (25”/0.04 mm) left a powdery solid residue. GLC 
analysis of the distillate showed the following yields : 1-chloroethyltriethylsilane, 
12%, and triethylchlorosilane, 0.43 mmoles. Crystallization of the residue from carbon 
tetrachloride afforded 0.26 g of yellow solid, m.p. 134--136°. The NMR and IR spectra 
of this material showed it to be a mixture ofphenylmercuric chloride and l,l-dichloro- 
ethylmercuric chloride. The carbon tetrachloride mother liquor was evaporated, 
leaving a solid residue which was redissolved in hexane, filtered, and reevaporated to 
give 1.01 g of white solid, m-p. 68-72”. TLC showed that this material was primarily 
dialkyimercury compound(s) with only traces of alkylmercuric halide impurities. 
Its NMR spectrum consisted of vinylic doublets (J l-2 Hz at 5.87 and 5.37 ppm and 
a methyl singlet at 6 2.35 ppm in a l/1/3 ratio (impurities precluded a more accurate 
determination of the coupling constant); based on this spectrum the structure of the 
principal component most likely was 1-chlorovinyl(l,l-dichloroethyl)mercury_ How- 
ever, on standing in a sealed vial for a short time the solid darkened and further 
attempts at puriftcation were unsuccessful. 

Reaction of phenyZ( l,l-dichZoroetlryl)nzercrrry with allyltrbnethylsiiarze 
Into a 50 ml three-necked flask equipped in the usual way was placed 0.939 g 

(2.50 mmoles) of the mercurial and 1.56 g (13.7 mmoles) of allyltrimethylsilane in 
10 ml of carbon tetrachloride. The resulting solution was heated at reflux for 69 h. 
Filtration of the cooled reaction solution afforded 0.338 g (43%) of phenylmercuric 
chloride, m.p. 256-258” _ The filtrate was trap-to-trap distilled into a receiver at - 78O 
(2PlO.04 mm), leaving a semiliquid residue. GLC analysis of the distillate on two 
columns (Column C, 70° ; Column I, 110” ; toluene standard) revealed the presence 
of live products : benzene, identified by retention time only, in 24% yield (Column C) ; 
a pair of trace products subsequently identified as trimethylchlorosilane and l,l,l- 
trichloro-3-butene (ttide infra); and the isomeric (syn- and anti-) I-chloro-1-methyl-2- 
(trimethylsilylmethyl)cyclopropanes in ca. 3 1% yield (Column I). The cyclopropanes 
were isolated from the concentrated filtrate by preparative GLC (Column D, 120”) 
and were characterized : NMR [neat mixture (2/l ratio), microcell, toluene standard] : 
6 0.10 (s, 9 H, Me&), O-28-1.35 (m, SiCHz, cyclopropyl H) and 1.55, 1.58 ppm 
[s (2), 3 H total, CH,]. IR (film, mixed isomers): 3065 w, 2995 sh, 2950 s, 2923 sh, 
2890 sh, 2797 sh, 1747 w, 1437 m, 1410 m, 1380 m, 1371 sh, 1296 sh, 1257 sh, 1247 vs, 
1199s,1188s,1169sh,1157sh,1115w,1085w,1061w,1027m,1007sh,984w,950w, 
922 m, 888 sh, 860 vs (br), 796 w, 777 m, 758 m, and 695 s cm-‘. (Found: C, 54.55; 
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H, 9.76. CsH, ,ClSi calcd. : C? 54.36 ; H, 9.69%.) The trap-to-trap distillation residue 
was heated at 100”/0.02 mm in a short path distillation apparatus to obtain ca. 0.3 to 
0.5 g of additional liquid which was redistilled with b.p. 39-400/0.03 mm. A GLC 
analysis (Column H, 100”) of the latter material gave indications that the compound 
was decomposing: two major peaks were evident in approximately equal proportion 
with the retention times of both being qualitatively short for the boiling point ob- 
served. A GLC-collected sample of the more volatile product was identified as tri- 
methylchlorosihane on the basis of its NMR spectrum and its rapid reaction with 
moist air (evolution of HCI, litmus turns red)_ The less volatile product was also 
collected and was identified as 4,4,4-trichloro-I-butene, n&2 1.4658 (lit.22 I&’ 1.4664). 
NMR (microcell, neat, external standard): 6 3.72 (d, J 6.5 Hz, 2 H, CCl,CH,), and 
5.42-6.68 ppm (m, 3 H, CH=CH2). (Found : C, 30.15; H, 3.18. C,H,C13 calcd. : 
C, 30.13; H, 3.16x.) The NMR spectrum of the 3%4~“/0.03 mm distilled material 
was different from the NMR spectra of the GLC collected products ,but was consistent 
with the structure expected for Ccl, addition to allyltrimethylsilane: Me,SiCH:- 
CHbCICHSCCl,. However, because of a large proportion of impurities (evidenced 
by GLC as well) it was not possible to assign specific resonances with any certainty. 
NMR (microcell, benzene standard) : 6 0.02 (s, Me,Si), 1.33 (d, J7.5 Hz, (unsymmetric), 
H”), 3.20, 3.12 [d (2), J 6.0 Hz, H’] and 4.42 ppm (m, Hb)_ 

In a separate experiment, 0.939 g (2.50 mmoles) of the mercurial and 1.39 g 
(12.2 mmoles) of allyltrimethylsilane in 10 ml bf carbon tetrachloride were stirred 
at 80-90” for 108 h. After filtering 0.540 g (68% crude yield) of impure phenylmercuric 
chloride, m-p. 245-255O (residue), identified by IR, trap-to-trap distillation (30°/0.04 
mm) gave a clear mixture of volatiles and a dry, grey solid residue.,GLC analysis 
showed the presence of benzene in 40% yield, mixed cyclopropanes in 14:. yield, 
and 0.57 mmole of4,4,4-trichloro-1 -butene. TLC indicated that the distillation residue 
contained mostly dialkylmercury compounds with only traces of alkylmercuric 
halides. An NMR spectrum (CDCI,) of this residue showed doublets at 6 5.34 and 
5.83 ppm (J l-2 Hz) and a singlet at S 2.35 ppm in an approximately l/1/3 ratio. 
These signals were assigned tentatively to the vinyl and methyl protons of l-chloro- 
vinyl(l,l-dichloroethyl)mercury. Further attempts at purification proved to be un- 
successful. 

Reaction of ppltengl(l,l -~ichloroeth~~l)ntercur~~ kth triphen?~lphospltine 
A solution of 1.88 g (5.00 mmoles) of phenyl(l,l-dichloroethyl)mercury and 

1.31 g (5.00 mmoles) of triphenylphosphine (recrystallized from ethanol, m.p. 82-83”) 
in 20 ml of chlorobenzene was heated and shaken at 8P for 24 h in a 35 ml sealed tube. 
The cooled reaction mixture was filtered to give 0.975 g (49% based on triphenyl- 
phosphine) of bis(triphenylphosphine)mercuric chloride, m.p. 271-273” (lit-l6 274- 
276”), identified by comparison of its infrared spectrum with that of an authentic 
sample. The filtrate was trap-to-trap distilled into a receiver at - 78’ (250/0.04 mm), 
leaving a dark brown oily residue. GLC analysis of the distillate (Column C, 112O, 
toluene standards) showed the presence of 2.89 mmoles (58% based on starting mer- 
curial) of benzene, identified by its GLC retention times on columns C and J. The 
distillation residue was heated with 30 ml of absolute ethanol and allowed to cool. 
Filtration afforded 0.852 g of white solid, m-p. 170-189. This solid was recrystallized 
from chloroform to give 0.589 g of white crystals, m.p. _ 3 15-23 P, which were identified 
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as somewhat impure bis(triphenylphosphine)mercmic chloride by IR. TLC analysis 
of the ethanol extract showed that it contained mostly dialkylmercury compound(s) 
(Rr 0.5) with only a trace spot near the origin. The ethanol was evaporated at reduced 
pressure leaving 0815 g ofa brown oil. An NMR spectrum (CDCIJ of this oil showed 
strong aromatic rescnances, at 6 7.15-8.43 ppm (m), a pair of vinylic doublets at 
b 5.93 and 5.47 ppm (J 5.5 Hz), and weak ahphatic multiplets at 6 3.474.00 and 0.92- 
2.17 ppm. Distillation of the oil was attempted using a short path apparatus at 0.03 
mm. Heating slowly to 140° (oil bath temp) caused the sublimation of a white solid 
which condensed in the distillation head. After cooling, 0.212 g of white crystals were 
scraped from the apparatus. Recrystalhzation from pentane with a trace of chloro- 
form gave fine white needles, m.p. 91-92O, which were identified as bis(l-chlorovinyl)- 
mercury on the basis of the following analyses_ NMR (CDCI,): S 5.87 and 5.30 ppm 
[d (2), J 1.2 Hz, l/l ratio, C=CHJ. IR (KBr): 2985 w, 2922 w, 2852 w, 1580 s (CCC), 
1358 w, 1262 w, 1059 m, 896 vs (C=CH2 out-of-plane), 742 sh, 728 m, 714 m, and 
479 m cm- ‘_ (Found: C, 14.33 ; H, 1.26. C4H,Cl,Hg calcd. : C, 14.85; H, 1.24x.) The 
purified material was found to be unstable over even short periods of time. A sample 
stored in a sealed vial at P turned yellow during a one week period. An NMR 
spectrum of the pot residue after the sublimation showed the absence of the vinylic 
doublets at 8 5.93 and 5.47 ppm. 
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