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SUmmary 

The organomercury reagents PhHgCClaSOIPh, PhHgCBrzSOzPh, PhHg- 
CCBC02Me; cycle-&HI IHgCC12C02Me, PhCH&H,HgCCl&O,Me, PhHgCHClCO,- 
Et and PhHgCClzCONMez have been prepared and their application as divalent 
carbon transfer reagents has been examined. 

Introduction 

In previous papers of this series we have reported concerning’the prepara- 
tion and the divalent carbon transfer chemistry of various functional halome- 
thyl-mercm%ls, including PhHgCCl* CO* Me, PhHgCCIBrCOz Me and,PhHg- 
CBrz CO2 Me [2 J , PhHgCFXC02 Et (X .= Cl, Br) [3] , PhHgCXBKF3 .(X =.a. 
141 ‘and F [5] ), Hg(CX;SiMeJ )i (X = Cl, Br) [6], PhHgCCL P(O)(OMe), .]7] 
and PhHgCCl* CR(OR’), [S] . We have continued our studies in this area with 
the aim of developing new functional divalent carbon transfer reagents of this. 
type and of improving existing reagent systems. 

Rest&sand discUSSiOn 

Sulfonyl-substituted merczgials ; 

The’ report’by Dutch workers 191 of convenient, high-yield-preparations 
of- phenyl(dichloromethy1)~: and ph&nyl(dibromomethyl)sulfone suggest&d to us 
their application in the preparation of ,PhH&& SO* Ph (X .= Cl;: Br),:possible:, 
&g&& for--the generation- of -phenyl@fc+y?%hJoro- a.&;bromocarbene?. 
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** mar to ~wo*;pheny_~nulcarbene .[I& -add bi+ahetiHsuI.fony~)c;ubene ii1 J- had b+n .. -. 
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: -1. W@p these-.phenyl~dmalomethjll)sulfones were trea&d with potassium 
tert-butoxide in the ‘@es&&e-of ~phenyhr+rc&c chloride; the-&p&&cd @r&n& 
-m&curial&we%e formed in good--y%& (&qnl ,l). .Phen~l~henySulfo~yldi~chloIo_ 

&I&& cx& iGMe,&+ PhHgCl TRF*-60o 
.- 

p PhHgC& SO2 Ph + Me, COH 

-.(X=CI,&) -..- +.KX (11 

inethyijtiercti is a white, clystahirie &lid which is urn&e&d by’ air and water 
&id is~the.rnja.lly very stabKIt was found to be a PhSOz CC1 transfer agent, but 

1 high ,timperatures and long reaction t&es in sealed tubes werercquired to ef-: 
feet suchreactidns (eqn. 2 and 3). However, such decomposition‘of PhHgCC& - 
SO2 Ph via cu-Gnination was not the only process which occurred. The formation 
in substantial yields of PhSOz Ccl, H, metallic hrcury and diphenyhnercury 
indicated that a competing homolytic .decomposition must be taking.place ss well 

_ (eqns. 4-6), with ally&hydrogen abstraction being involved in reaction 6. 

0 I 
140-. BdayS 

PhHgCC12S02Ph + PhHgCl + (21 

(58%) 

lAOv. 8 days Me,SiCH, Cl 
PhHgCCI.$O#h -I- Me$iCH,CH=CH, PhHgCl + (3) 

(63 %I H 
T 

SO2p” 

H H 

(47% i l/l isomer ratio) 

PhHgCCl, SO* Ph -+ PhHg’ + ‘Ccl2 SO2 Ph (4) 
2PhHg- -+ Ph2Hg+Hg (5) 
PhSOz CC& - + R-H -+ PhSOz CC& H + R’ (6) 

such- & competing ho&olytic process had been noticed previously in the high 
temperature chemistry: of Hg(C& SiMe, )a [6]. 

Similar results were obtained when PhHgCBr, SO2 Ph was heated iri chloro- 
benzene solution in the presence of cyclooctene (eqn. 7), but .th& olefincyclo- 
addition product yield was much lower; 

PhiigCBr2SO#‘h + PhHgBr + PhSO&Br2H + 

(41%) 

Carbocdkoqwu bstituted merq.uiuls . . : 
..I-; -We had.pre&red various phenyl(dihalocarboa.ikoxymethyl)mercury com- 

p&+s;-PhHgCXX’C02:R [2; 31; but had.found.these to be much l&s-rez&iv_e 
& ,@iv&Ieiit ;&bo_n transfer reagents -than the phenyl(trihaIomethyl)mer&rjals. 
Ourwo+@th trihalomethyl-mercury systems of type R..E3g&fi2 X had shown 
that-m@as~~~~cl~~tr&nsfer reactivity was-obtained as X was varied f&&..‘Cl to. 
Br.td,I.‘[!21 a$d.R from phenyl to cy&heXyl [I&33 ;Such changeSwere investi-. 

‘.: _’ . . 
-, .‘. ,- 
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gated u&g lhEQ@l~~CO2 CH; aS the starting.point;.Phenyl(iod~c~o~~~~bo- . . 
methoxyniethyl)mercury was’prepared -by .reaction .of methyl-iodochloroacetate 
with potassium tert-butoxide in the presence of phenylmercirrii: chloride tit -- 1. 
-60”. in THF. This mercurial indeed .was much less stable than PhHgCCl&OZ - 
Me.& PhHgCClBrCO, Me,: decomposing in the presence of cyclooetene in ben-. 
zene solutkn at reflux to give phenylmercirric iodide in 79% yield within only. 
8 h. However, the yield of the CICCOZ Me cycloaddition product, 9-cb.loro:9- 
carbomethoxybicyclo[6.1.0] nonane, was only 10%. In addition; a number of . . 
other prod&s (which .were not identified) .were- formed, A similar .decomposi- 
tion carried out in cyclooctene/chlorobenzene at 135” occurred even more rapid- 
ly, within 4 h, giv&g-phenylmercuric iodide in 79% yield. Here also the yield of 

-9-chloro-9-carbomethoxybicyclo[6J_O]nonane formed was low (10%) and other 
products were present as well It is possible that at these temperatures free 
radical reactions of the carbon-iodine bond intrude. In view of the poor success 
of this approach, the effect of using an alkyl(dichlorocarbomethoxymethyl)- 
mercury compound in place of PhHgC& CO* Me was examined. Cyclohexyl- 
(dichlorocarbomethoxymethyl)mercury was prepared by the method used in 
the synthesis of PhHgCC12 CO1 Me. ~-Phenylethyl(dichIorocarbomethoxymethyl)- 
mercury also was prepared by this procedure, as well as by a different route 
patterned after the synthesis of PhHgCCIFCOz Et 133 (Scheme 1). 

SCHEME 1 OMe 

/ 
Ccl,= CClOMe 

Hg(NO& , MeOH MeOH 

- 

03NHgCC12C02Me ‘. 

0,NHgCCI,C02Me 
!4aCI 1 %O 

- Hg(CC12C02Me12 + HgCI, 

(PhCH$ZH$,Hg 

I 

PhCH2CH2HgCC12C02Me 

Of these two mercurials, the cyclohexyl derivative proved to be the better 
ClCCO, Me transfer agent. It reacted with cyclooctene in refluxing chloroben- 
zene solution to give a mixture of the gchloro-9-carbomethoxybicyclo]6.1.0] - 
nonane isomers in 78% yield within a 57 h reaction time and with-ahyltrimethyl- 
sikne to give the .expected l-chloro-l-carbomethoxy-2-(trimethylsilylmethyl)- 
cyclopropane in 48% yield w.ithin 48 h; In comparison, divalent carbon transfer 
from PhHgCCl* CO2 Me to cyclooctene at 130” occurred in 59% yield within 
72 h and to aUy1trimethy1silane under similar conditions in 71% yield within 
47 h. Thus the use.of cycle-C, HHI1 HgCClz CO* Me does not appear to offer any 
outstanding advantage. jl-Phenylethyl(dichlorocarbomethoxymethyl)mercury 
also was allowed to react with cycboctene. After 44 h- at ca; 140°, PhCH, CHi :. 
HgCl had been formed in .75X yield, but the 9-chloro_9_carbomethoxybicyclo-, 
[6.l.O] nom& yield was only 26%. .. 

We conclude that as far as CICCOZ Me transfer reage-nts are concerned; e. 
PhHgCCl, COPMe is the most useful. Its ease of preparation from commercially 
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~. -. available methyl. dichloroacemte and ph~nylmermric~ chloride outweighs its 
somewhat-dimi&hed reactivity.compared to .PhHgCCl13rCOa.Me and cyclo- 

_~. C,H1iHgCC&CO,Me; .I- .: ‘. .. .: . . . .- 

.-: As+xpe&ed, PhHgCHCiCO,-Eti.prepared:~cording to Scheme 2, is much 
-more stable-than PhHgCC12 CO, Me. When it had been-heated in cyclooctene 
solution ina sealed tub& at 155-160~ for 3 days, phenyhnercuric obloride w& 
-formed in-only 20% yield, and a 70% recovery of the~starting material was ef- 
fected. The yield of the divalent carbon transfer product, 9carboethoxybicyclo- 
[6.1.0] nonane, wtis 33%, based on unrecovered starting material. An equally 
low conversion of 7-carboethoxybicyclo[ 4.1.0 J heptane was realized when 
PhHgCHCICOz Et was heated in cyclohexene (155” for 6.5 days). 

SCREME~ 

CHCl+CClOEt Hg’oAc’2 “Oy AcOHgCHCIC02 Et = ClHgCHClC02 Et 

Phg Erg 
I. PhHgCHClCO, Et + PhHgCl 

An amide-substituted mer&ial 
The reaction of N+N-dimethyl dichloroacetamide with potassium tert- 

butoxide in the presence of phenyhnercuric chloride in THF at -60” gave 
PhHgCCI, C(O)NMe, in 35% yield. The yield of this product very likely could 
be improved_ However, its decomposition in the presence of cyclooctene at 
148” gave little or none of the expected cycloaddition product and so further 
studies of this mercurial were not carried out. 

We note, however, that Johansson [ 14 J has prepared different amide-sub- 
stituted mercurials, (I), which show carbene reactivity in a novel intramoIecuIar 
C-H insertion reaction (eqn. 8). 

PhHgCX !N 

X 

3 

C6HsB r 

2 reflux 
(8) 

(I) <x = Cl, Br) (both isomers) 

In conclusion, some comment concerning the relatively poor reactivity of 
many of the functional PhHgCX2 Z compounds which we have studied [X = Cl 
or Br; Z = CO2 R, SO2 Ph,.siMe,, Cp,, CONMe2, CH3_, C&OR’), and H] cqm- 
pared with that of phenyl(trihalomethy2)mercury compounds 115 J , is appropri- 
ate. Our kinetic studies -[lS, 171 have shown that in the case of phHgCCI* Rr the 
mechanismsh&vn in eqns. 9 and 10 is operative. A concerted extrusion of the 
carbene~ [transition state (II)] was suggested. Furth& work showed that the 
presence-05 fluorine substituents on the methyl carbon invariably resulted -in an 
increase h the rate of carbene extrusion. The following reactivity sequences may 
be no&d; PhHgCFBr, -t CFBr i PhHgCBr, + CBr2 [I61 ; PhHgCFcI, .+ CFCl 
>. PJd-.Tgccr, * CC& [I71 ; PhHgCFClC02 Me -, FCCO, Me >-PhHgCCl, CO2 Me 
3 CZCCCi Me. [3j:; PhHgCFBrCF3 :-t .FCCF, >~PhHgCCiI@CF,-.+ CICCF, [5J. 

. . ,- : _I.. -....- 
.: 



k, 
PhHgCC12Br - - PhHg Br + CC12 (9) 

k-1 

‘c’ 
\ 

CCI, + 
\c_c/ k2 

/-\ 
- c,Cc12 I (10) 

/\ 

A phenyl substituent on the methyl carbon also was found to lead to enhanced 
reactivity, PhHgCCI* Ph + ClCPh > PhHgCC13 * CClz [18] . This suggested to 
us that the rate of divalent carbon extrusion process is determined largely by 
the stabilization available to the incipient carbene. Such stabilization is thought 
to be provided by donation of electron density to the vacant carbon p orbital 
of the singlet state carbene by substituents on the carbon atom via p, -pm dative 
bonding. The substituents Z in PhHgCX, Z compounds which result in more 
stable and less reactive divalent carbon transfer systems for the most part are 
ones which generally stabilize an adjacent anionic center, not an electrondefi- 
cient center, which is in agreement with the ideas mentioned. In further develop- 
ment of functional mercurials, one would expect those of type PhHgCXz OR, 
PhHgCX, SR and PhHgCX-, CH=CH? to be especially reactive on the basis of 
these considerations. 

While there is no doubt that the ester, amide, sulfone, trimethylsilyl and 
tifluoromethyl-substituted mercurials are considerably more stable than the 
corresponding phenyl(tribalomethyl)mercury compounds, it is by no means 
certain that the long reaction times which appear to be required in their reactions 
with olefins are entirely due to this higher stability. The reaction times will be 
affected not only by the appropriate hI for each mercurial (e.g., eqn. 9) (as- 
suming a carbene mechanism for each, which may not necessarily be correct), 
but also by the ratio k, /k, . If this ratio is large, then longer reaction times will 
result. A3so of importance is the effective concentration of phenyhnercuric 
halide during the progress of the reaction. In the PhHgCX3 /olefin reactions, 
which are carried out at 80” or below, the phenylmerc_mic halide is largely in 
soluble. However, in the reactions under discussion, which are carried out at 
higher tempemtures (130-1500), the phenylmercuric halide formed remains 
largely in solution and so is able.to compete more ffectively with the olefin. 
The interception of ClCCO, Me by pheny+ercuric halide was demon&rated in 
an expernnent in which PhHgCCIBrCOz Me was heated in chlorobenzene at 
135” in the presence of an equimolar quantity of ph&nylmercu& chloride. In 
a reaction time of 7 h, PhHgCCl, CO, Me was formed in 72% yield, presumably- 
via the process shown in eqns. 11 and 12. .: 



phHgCC&CO, Me + PhHgBr +.cICC02 Me 

$hHgCl + ClCCO, Me+ PhH&& CO2 Me '. (12) 

The observed product is more stable than the starting mercurial and thus accu- 
mulates inthe reaction mixture. This reaction time should be compared with 
that required to effect .ClCC02 Me transfer to cyclooctene in chlorobenzene solu- 
tion at 128” in 67% yie!d, 24 h. In the case of PhHgCFBrCO, Et 131, it also was 
found that FCC02 Et transfer to phenyhnercuric chloride (giving the more stable 
PhHgCFCICOz Et) at ca. 135” occurred more rapidly than FCCOz Et transfer to 
cyclooctene [33. In these reactions XCCO, R insertion into the Hg-Cl bond 
has been demonslrated; such insertion into the Hg-Br bond of phenylmercuric 
bromide should occur even more readily. Thus it seems quite probable that the 
long reaction times observed for PhHgCXz CO* R/olefin reactions are not in- 
dicative of the magnitude of the respective rate constant k,. 

Experimental _ 

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

of dry-nitrogen. Carefully dried solvents were used in all reactions. NMR spectra 
were recorded using a Varian A60 or T60 spectrometer. Chemical shifts are 
given in 6 units, ppm downfield from internal tetramethy3siIane. Infrared spectra 
were recorded using a Per&in-Elmer Model 457A grating IR spectrophotometer. 
Gas liquid chromatography (GLC) was used for analysis of reaction mixtures, 
yie1.d determinations and collection of samples. Commercial stainless steel 
colunms were used in either an F&M (Hewlett-Packard) Model 700,720 or 
575 gas chromatograph. Yields were determined using the internal standsrd 
procedure. 

Phenylmercuric chloride was prepared by reaction of tetraphenyhin with 
mercuric chloride [19]. Potassium tert-brrtoxide (unsolvated) was purchased 
from the MSA Research Corp. Cyclohexylmercuric chloride was obtained by 
reaction of dicyclohexyhnercury (Grignard preparation) with mercuric chloride. 

Prepamtion of starting maieria~ 
@-Phenylethylmercuric chloride. The G&n&d reagent prepared from 1 g 

atom of magnesium turnings and 1.05 mol of P-phenylethyl bromide in.450 ml 
of THF was treated with 0.5 mol of mercuric chloride. The reaction mixture 
was hydrolyzed with dilute HCl and extracted with dichlorcjmethane. The or- 
ganic layer was dried and evaporatedat reduced pressure to leave 164 g (ca. 80%) 
of a viscous oti. that could not be crystallized. The NMR spectrum indicated the 
presence. of bti(P-phenylethyl)mercury; 6 1.23 (t, J 7.5 Hz, 4H, CH2 Hg), 3.0 - 
(t, J 7.5.H2,4H, PhCH, > and 7.15 ppm (m, lOH, Ph) (in WI,, ). This compound 
has been reported as a nondistihable, noncrystailizable oil [ZO] . Others [Zl, 221 
have reported m-p. .--44”’ a& b.p. 165-170”/0.003 mm. 

Tda solution. ollO.3 g (25 n&01) of bis(@-phenylethyl)mercur$ in 29 ml 
of benzene in an Erlenmeyer flask was added a solution.of 6.8 g (25 mmol) of 
mercuric chloride in hot chloroform..An _immedi&e precipitate resulted; The 
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mixture was heated on the steam bath and then was cooled to 0” and filtered 
to give 13.65 g (86%) of P-phenylethylmercuric chloride, m-p. 170-172”. 
(Bass [Zl] reports m.p; 164”). 

Methyl iodochloroacetate. A 300 ml round-bottomed flask equipped with 
a reflux condenser and a drying tube was charged with 0.15 mol of methyl di- 
chloroacetate, 0.30 mol of potassium iodide and 125 ml of anhydrous acetone. 
The mixture was stirred and heated at reflux for 5.5 days. During this time, 
the color gradually darkened to a’deep red. The progress of the reaction was 
followed by periodically withdrawing a 5 ml aliquot of the solution, washing. 
this with water and sodium thiosulfate solution and then observing the disap- 
pearance of starting material and formation of product by NMR. Heating was 
discontinued when aliquots withdrawn 24 h apart showed little difference in 
the relative concentrations of starting material and product. The acetone solu- 
tion was washed with water (back extracted with carbon tetrachloride), then 
with sodium thiosulfate, giving ultimately a pale yellow solution. The latter 
was concentrated at reduced pressure and the residue was distilled to give 14 g 
of liquid with b-p. 65” /0.4 mm. Redistillation gave 12.1 g (34%) of a pale 
yellow oil which NMR showed to contain 3-4s of an impurity. The product 
decomposed when collection by GLC was attempted. NMR (in Ccl4 ): 6 3.90 
(s, 3H, 0CH3) and 6.03 ppm (s, 1H, CHCII). IR: v(C=O) 1750,1735 (sh). The 
product rapidly became pink, then red, in daylight at room temperature but 
could be stored in the dark at low temperature if a small quantity of diphenyl- 
amine was added. 

Methyl trichlorovinyl ether. To 0.69 mol of cold, absolute methanol was 
added 0.68 mol of chloral. The resulting crystalline chloral methyl hemiacetal 
was dissolved in 50 ml of benzene and added dropwise, with cooling as neces- 
sary, to 0.67 mol of thionyl chloride in 54 g of pyridine. The resulting mixture 
was stirred and cooled until pyridine hydrochloride had crystallized out. Fil- 
tration was followed by a water wash of the filtrate. The dried filtrate was dis- 
tilled to give 87 g (0.44 mol) of methyl 1,2,2,2tetrachloroethyl ether, b-p. 
75-77”/23 mm; lit. [23] b.p. 76-78”/23 mm. NMR (Ccl,): 6 3.73 (s, 3H, 
OCHa ) and 5.69 ppm (s, lH, Ccl, CHClO). 

A solution of 0.44 mol of NaOH in 20 ml of water and 140 ml of ethanol 
was added, with stirring and cooling, to 84.5 g (0.43 mol) of CH30CHClCClS. 
The mixture was stirred at room temperature for 30 min and then was treated 
with 200 ml of water; a dense organic layer separated. The water/alcohol layer 
was extracted with dichloromethane. The organic layer and extracts were washed 
with cold water, dried and distilled. Methyl trichlorovinyl ether, 34.1 g (0.21 
mol), b-p. 139-145”; was thus obtained; lit. [23] b.p. 135-140”. NMR (in 
CC14): 6 3.77 ppm (s, 3H). 

Preparation of organomercuv compounds 
Phenyt(phenylsulfonyldichloromethyl)mercury. A 500 ml three-necked 

flask e@ipped with a paddle stirrer, an addition funnel and a Claisen adapter 
bearing a-nitrogen inlet tube and-a low temperature (per&me) thermometer 
was charged with 8.93 g (39.7 mmol) of phenyl(dichloromethyl)sulfone [9], 
9.4 g (30 mmol) of phenylmercuric chloride and 150 ml of THF. In the addi-. 
tion funnel was prepared a solution of 4.5 g (40 mmol) of potassium tert-. 
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butoxide in:75 ml of THF. The alcoholate, t-BuOK- t-BuOH, was precipitated 
by addition of 3.75 ml of terf+butanol. The. reaction vessel was cooled to -70” 
and the tert-butoxide slurry was added slowly, keeping the temperature below 
-60” .at all times. Upon completion of the addition, the mixture was transferred 
to a round-bottomed flask and the solvent was removed at reduced pressure. The 
brown residue was dissolved in 600 ml of benzene and extracted witi 100 ml of 
water. The benzene solution was eVaporated at reduced pressure and the resulting 
pale brown residue was crystallized from cbloroform/bexane to give 9.8 g (65%) 
of the title mercurial, Two recrystalhzations from chloroform/hexane gave 
material with constant m.p. 175.5-177”. (Found: C, 30.92; H, 2.09; Cl, 14.28. 
Cl, H,o 02 Clz SHg calcd.: C, 31.12; H, 2.01; Cl, 14.13%) NMR (CH, Cl, ): 6 7.35 
(broad s, 5H, Ph-Hg) and 7.5-8.1 ppm (m, 5H, PhS). IR(CC14 ): 3080 w, 1480 w, 
1451 m,.l435 m, 1335 s, 1319 m, 1165 vs, 1085 s and 701 s, cm-‘. (The bands 
at 1335 and 1165 cm:’ are indicative of the SO* function). 

PhenyZ(phenylsulfonyldibromomethyi)mercury. Essentially the same proce- 
dure was used in the reaction of 30 mmol of PhSO* CBr, H [9], 25 mmol of Ph- 
HgCl and 33 mm01 of t-BuOK-t-&OH in 175 ml of THF at -6O”.The first 
crystallization from hot 5/l CCL /CHC13 gave two crops with m-p. 190-195” 
and 180-1890, a total yield of 63%. Two further recrystallizations from l/l 
chloroform/hexane gave white needles, m-p. 193-195”. (Found: C, 26.14; H, 1.78 
C,,H,, O2 BrZ SHg calcd.: C, 26.43; H, 1.71%) NMR (CHC& ): 6 7.35 (broad s, 
5H, Ph-Hg) and 7.5-8.3 (m, 5H, Ph-S). 

PhenyI(iodochlorocarbomethoxymethyl)mercu~. The same procedure 
was used in the reaction of 50 mm01 of methyl iodochloroacetate, 40 mmol of 
PhHgCl and 50 mmol of t-BuOK- t-BuOH in 175 ml of THF at -60”. The amorph- 
ous yellow solid obtained initially was crystallized from chloroform/pentane to 
give 11.0 g (54%) of yellow powder, m.p. l42-146”, which underwent total 
decomposition at 180”. (Found: C, 21.14; H, 1.69. Cs Hs O2 ClIHg calcd.: 
C;21.15; H, 1.58%) NMR (CDCZ,): 6 3.86 (s, 3H, 0CH3) and 7.36 ppm (m, 5H, 
Ph). IR (CHC13 ): Y(C=O) 1741 cm-‘. 

Cyclohexyl(dichlorocarbomethoxymethyl)mercury. The same procedure was 
usedin the reaction of 100 mm01 of methyl dichloroacetate, 70 mm01 of cyclo- 
hexyhnercuric chloride and 90 mm01 of t-BuOK- t-BuOH in 300 ml of THF at 
-65”. The product was obtained initially as a pale yellow oil which was re- 
crystallized from 200 ml of hot hexane to give 16.9 g (57%) of cycle-Cs HI1 Hg- 
CCIZ CO2 Me, m.p. 65-70”. A pure sample, m-p. 73-76”, was obtained by re- 
crystallization from petroleum ether. (Found: C, 25.37; H, 3.31; Cl, 16.41. 
Cg H1402 Cl2 Hg calcd.: C, 25.39; H, 3.31; Cl, 16.66%) NMR (CDCls ): 6 3.93 
(s, 3H, OCHs ), 2.55-3.05 (m, lH, CHHg) and 1.2-2.1 ppm (m, lOH, cycloalkyl). 
IR (CC14 ): v(C=O) 1735,172l cm-‘. 

P_PhenylethyI(dichiorocurbomethoxymethyI)mercury. (a) Base-induced 
procedure_ The same procedure was used in the reaction of 25 mmol of methyl 
dichloroacetate; 20 mm01 of PhCH, CH, HgCl and 25 mm01 of t-BuOK- t-BuOH 
in 100 ml of THF at -65”. The product, obtained initially as an oil, was crys- 
tallized fiom.hexane to give 6.36 g (31%) of pure material, m-p. 52-57”. 
(Found:.C, 29.6.4; H, 2;70; Cl, 15.73. C,, Hlz 0, Cl* Hg calcd.: C, 29.51; H, 2.70; 
‘Ci, 15.84%;) NMR (CC& ): 6 2.10 (t, J 7 Hz, 2H, CH, Hg), 3.03 (t, 57 Hz, 23 
CH*Ph), 3.81.. (s, 3H,.CCH, ) and 7.31 ppm (m, 5H, Ph). IR (CCL ): W=C) 1745, 
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1720 cm-’ . (b) Via mercuration of methyl trichlorovinyl ether. A 250 ml three- 
necked flask equipped with a paddle stirrer and an addition funnel was charged 
with 16.23 g (50 mmol) of mercuric acetate and 50 ml of absolute methanol. To 
this slurry was added, with stirring and cooling, 8.88 g (55 mmol) of methyl 
trichlorovinyl ether. The resulting homogeneous solution was stirred for 30 min 
and then treated with 50 mmol of sodium chloride in 100 ml of water. The. 
white precipitate which formed was filtered and recrystallized from carbon tetra- 
chloride to give 12.0 g (91%) of Hg(CC& CO, Me), , m-p. 117-119”. (Found: 
C, 15.07; H, l-30; Cl, 29.10. CgH604Ck,Hg calcd.: C, 14.87; W, 1.25; Cl, 
29.27%.) NMR (CDCL ): 6 3.93 ppm (s, 6H, OCHB )_ IR (CHC13 ): v(C=Q) 
1750,1725 cm-‘. The formation of this compound rather than ClHgCCL CO2 - 
Me is surprising. It may be that C1HgCC12 CO1 Me is unstable with respect to 
disproportionation to the symmetrical species or that in the equilibrium mixture 
involving all three species Hg(CC1, CO* CHB )* is the least soluble component. 

Phenyl(iV,N,-dimethylamidodichloromethyl)mercury. A solution of un- 
solvated t-BuOK (70 mmol) in 100 ml of THF was added with stirring and un- 
der nitrogen to a mixture of 75 mmol of N,N-dimethyl dicbloroacetamide and 
50 mmol of phenylmercuric chloride in 200 ml of THF at -60”. The reaction 
mixture was stirred for 15 min, warmed to -30” and poured into a solution of 
60 mmol of acetic acid in water. Extraction with dichloromethane was followed 
by washing of the organic layer with water. The dried organic layer was evap- 
orated at reduced pressure. The residue was extracted with dichlorotiethane 
and these extracts were evaporated to dryness. The residue was extracted with 
carbon tetrachloride. and these-extracts were evaporated at reduced pressure. 
The solid which remained was precipitated from hexane solution by addition of 
diethyl ether, giving 7.5 g (35%) of white powder. Several recrystallizations 
from hexane gave material with m.p. 100-102”. (Found: C, 27.54; H, 2.72; 
N, 3.10. C,oH.,l ONCl;! Hg calcd.: C, 27.75; H, 2.56; N, 3.24%0.) NMR (CC14 ): 
6 3.18 (broad unresolved-d, 6H, NCH, ) and 7.24 ppm (m, 5H, Ph). IR (Ccl, ): 
v(C=O) 1610 {broad). 

Phenyl(chlorocarboethoxymethyZ)mercury. Carboethoxychlorometbylmer- 
curie chloride was prepared by reaction of ethyl 1,2-dichlorovinyl ether with 
mercuric acetate in 66% yield 1231. A 2.90 g (8.1 mmol) portion of this mate- 
rial in 40 ml of chloroform in an Erlenmeyer flask was treated with 2.86 g (8.1 
mmol) of diphenylmercury in 40 ml of benzene. Mixing lresulted in immediate 
precipitation of phenylmercuric chloride (85%). The mixture was filtered and 
the filtrate was diluted witi pentane and refrigerated to precipitate 2.55 g 
(79%) of white powder, m.p. 55-57”. Recrystallization from hot l/100 chloro- 
form/hexane gave needles with constant m-p. 71-72”. (Found: C, 29.79; H, 
2.84. CloHll OzCIHg calcd.: C, 30.08; H, 2.78%.) NMR (CCL): 8 1.26 (t, 
J 7 Hz, 3H, OCH, CH3 ), 4.02 (s, lH, Hg-CHCl, with satellites, J(lgg Hg-’ H) 
123 Hz), 4.06 ppm (q, J 7 Hz, 0CH2 ) and 7.05 ppm (m, 5H, Ph). IR (Ccl,): 
v(C=O) 1738,17X3 cm-‘. 

Reactions of PhHgCC12 SOz Ph 
(a) With cyclooctene. A dry, heavy-walled Pyrex tube was flushed with 

nitrogen and charged with 10 mm01 of the mercurial, 50 mmol of cyclooctene 
and 10 ml of benzene. The contents were degassed by three freeze-thaw cycles 
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under vacuum and the.tube was sealed. The. tube was heated in an oven.at 
140 --C 3” for 8 days. When the tube-was cooled, a flaky white solid formed, m 

:--addition to. the small pool of.mercury abeady. present. Filtration removed. 
-phenylmercuric chloride (58%) and metallic mercury (13%). Examination of- the 
filtrate by-TLC (Eastman Chromagram Sheet 6060, UV indicator) showed .that 
adequate separation of the multicomponent mixture could be achieved using 
70/30 v/v hexane/dichloromethane as eluent. The benzene solution was &vapor- 
ated at reduc-ed pressure and the residue separated by column chromatography 
(6” X 1.5” silicic acid column) using 70/30 hexane/dicbloromethae as eluent. 
Nine fractions were collected and their. composition examined by NMR spectro- 
scopy. The first component to elutewas a white crystlaline solid, m.p. 119- 
1230, and was identified as diphenylmercury (0.29 g, 8%). A recrystallized 
sample had m.p. 122-123”. The second component to elute was 9-chloro-9- 
pheny&lfonylbicyclo[6.l.O]nonane (49%), m.p. 130-135”. Four recrystalli- 
zations from 95% ethanol gave white needles, m.p. 146.5-147.5”. (Found: 
C, 60.19; H, 6.45; Cl, 11.89. Cl5 H,,O, SCl &cd.: C, 60.29; H, 6.41; Ci? 
11.87%) NMR (CCl, ): 8 1.07~2.07 (m, 14H, alicycllc H) and 7.45-8.0 ppm 
(m, 5H, Ph). IR (CCL ): characteristic strong sulfonyl bands at 1343 and 1160 
cm-’ _ It seems likely that the purified material represents only one isomer, prob- 
ably 9endo-chloro-9-e_~o-phenylsuLfonylbicyclo[6.l.O]nonane. The NMR spec- 
tra of the crude material and the purified material showed no significant dif- 
ferences. 

The second component was followed closely by a third, which was identi- 
fied as phenyl(dichloromethyl)sulfone (56%). 

(b) With allyltrimethyZsikzne. The same procedure was used in the reaction 
of 10 mmol of the mercurial with 50 mmol of the olefin in 10 ml of benzene 
at 140” for 8 days. Filtration of the reaction mixture removed PhHgCl(63%) 
and metallic mercury (10%). Column chromatography as before separated di- 
phenylmercury (5%) and a mixture of the two isomers of l-chloro-l-phenyl- 
sulfonyl-2-(trimethylsilyhnethyl)cyclopropane (47%). (Found: C, 51.61; H, 6.32; 
Cl, 11.61. Cl3 HI9 O2 SClSi calcd.: C, 51.54; H, 6.32; Cl, 11.71%) GLC (F&M 
5750,4 ft. UCW 98 at 180”) showed the isomers to be present in about 1/l 
ratio, and GLC was used to separate them. Their 60 MHz NMR spectra did not 
allow structural assignments. Their IR spectra (liquid film) showed characteristic 
sulfone bands (1327 and 1160; 1327 and 1163 cm-’ ) and Me, Si bands (1251 
and 844; 1250 and 840 cm-’ ). 

Reaction of PhHgC%rz SO2 Ph with cyclooctene 
The same procedure was used in the reaction of 10 mmol of the mercurial 

with 50 mm01 of cyclooctene in 15 ml of cblorobenzene for 2 days at X35- 
140” _ FiRration of the black reaction mixture removed 2.79 g of dense black 
powder, m.p. > 300”. Column chromatography (4” silicic acid, benzene eluent) 
gave a rapidly eluted fraction which crystallized on standing. Sublimation, 
folIowed by recrystallization from methanol, gave white needles, m.p. l38- 
139”) of 9-bromo-9-phenylsulfonylbicyclo[6.1.0] nonane (20%). A second 
fraction was eluted and identified as phenyl(dibromomethyl)sulfone. (42%) and 
a third fraction asunconverted starting mercurial (5%). (9Bromo9phenylsulf- 
onylbi~yclof6.1.0]nonane: found: C, 53.09; H,. 5.79; Br, 23.54, C1s.H1s 02 SBr 
CaIcd.: -C,- 52;48; H, 5.58%) IR (CC14 ): sulfotiyl bands at 1330 and 1155 cm-’ . . 
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Reactions of RHgCC12 CO2 Me compounds with. olefins 
A 50 nri three-necked flask equipped with a thermometer, a magnetic 

stirring unit and a Claisen head with a reflux condenser and a septum for a.licIuot 
withdrawals was charged with 5.0 mm01 of cycle-C6 H1 I HgCCl, CO, Me; 38 
mm01 of cyclooctene, 5 .O ml of cblorobenzene and_ 2.0 mm01 of tridecane (in- 

: 

ternal standard for GLC analysis). The mixture was he&&to reflux and aliquots 
were withdrawn by syringe periodically for GLC analysis. After. 57 h at 140” i a 
maximum yield of the two isomers of 9-&loro-9carbomethoxybicyclo[ 6&O]; 
nonane [Z] of 78% was achieved. Heating for an additional 16 h resuIted in no 
increase in yield. Filtration gave cyclohexylmercmic chloride in 64% yield, m-p. 
153-155”. The product isomer ratio, in order of elution on GLC (SE-30) was- 
l/2.74. 

Other reactions with this mercurial and with PhCH, CH2 IfgCCla CO2 Me 
were carried out in similar manner. The reaction mixtures from similar reactions 
of PhHgCClICO, Me with cycIooctene in benzene at reflux and in cblorobenzene 
at 135” were filtered to remove phenylmercuric iodide (ca. 80% yield, m.p. 
256-258”) and the filtrates were trap-to-trap distilled at reduced pressure. The 
distillates were examined by GLC. In addition to the two isomers of S-chloro-9- 
carbomethoxybicyclo[&l.Olnonane there was present a third product in about 
the same yield (by GLC) which NMR spectroscopy indicated to be a mixture 
The NMR spectrum of the pot residue showed nine distinct OCH, resonances. 

Reaction of PhHgCHCICOzEt with cycboctene 
A heavy-walled Pyrex tube was charged with 5.0 mm01 of the mercurial and 

5.6 ml of cyclooctene, degassed, evacuated, sealed and heated for 48 h in a tube 
oven for ‘72 h at 155-160”. Filtration c:f the reaction mixture gave PhHgCl 
(0.31 g, 20%). The filtrate was trap-to-trap di&tilled at 0.03 mm; two fractions 
were collected, at 25” and to 120” pot temperature. The latter contained (by 
GLC) two major and six minor components. The major components were sepa- 
rated by preparative GLC (F&M 700,6 ft. Carbowax 20M, at 140” ) and identi- 
fied by comparison of their NMR and IR spectra as a mixture (ca. 10% yield) of 
exe- and endo-carboethoxybicyclo[6.1.0 J nonane. The isomer ratio was l/4.5 in 
order of increasing~GLC retention time. An authentic sample of such an isomer 
mixture, prepared by copper-catalyzed reaction of ethyl diazoacetate witb cyclo- 
octene ]25] was available. 

Crystallization of the pot residue from the distillation gave 1.4 g (70%) of 
unconverted starting mercurial. 

A simitar procedure was followed in the reaction of this mercurial with 
cyclohexene (6.5 days in a sealed tube at 155”) to give phenylmercuric chloride 
(35%), elemental mercury (14%), several unidentified volatile products and 7-exe- 
carboethoxybicyclo[4.1.0] heptane (10%). The latter, n”,” 1.4651, was identified 
by comparison of its IR and NMR spectra with those of authentic material [25 J. 
(Found: C, 70.91; H, 9.44. C&H1602 &cd.: C, 71.39; H, 9.59%.) NMR (CCL ):- 
6 1.27 (t, J 7 Hz, 3H, CH3), O.S-2.1 (m, UH, cycloalkyl) and 4.05 ppm (q, 
J 7 Hz, 2H, OCH;! ). 
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Reptitikz ofph~~~yI(broin~cjrlorocarbometho~~methy~)inercury-wit~ phenyl- 
meicuriccfilciride.~ ..:F... .- : . . .‘. .- IL_ _.. .’ ._. . : : 
: -1:: ~A-ioo-hllthr ee-necked flask-equipped with a @FELIX condenser, a magnetic 

&r-ring unit, anitrogen inl& tub&&d a thermometer was.charged with 2.32 g 
(5.0 tiql) bf PhHg&lBrCO, Me [g] , 1.5.6 g (5 mmol) of phenylmequric 
chloride and 20 ml of-dry chlorobenzene. The mixture was stirred and heated 
at reflua for ?. h.:.The.reaction mixme was homogeneous at 135” at first, but 
after 2h it was:pale yellow and some precipitate had formed. The.reaction mix- 
ture wa& cooled z&d filtered to remove 2.00.g-of solid, m-p. 270-275” (mainly 
PhHgBr);-The filtrate was diluted with hexane and refrigerated_ The solid which 
preci$tated.(1_5 g, 72%), m-p. 14O--144?,.was identified (superimposable IR 
%pectrum; m-p;) as PhHgCCl, CO, Me [ 2]_ 

AtiknowledgEment 

The authors are grateful to the U.S. Air Force Office of Scientific Research 
(NC)-AFSC for generous support of this research (Grant AF-AFOSR-72-2204). 

References .-. 

1 D. Seyferth and Y.M. Cheng. Synth.. in press. 
2 D. Seyferth, R.A. Woodruff, D.C. Mueller and R.L. Lambert. Jr.. J. Organometal. Cbem.. 43 (1972) 55. 
3 D. Seyferth and R-A. Woodruff. J. Org. Chem.. 38 (1973) 4031. 
4 D. Sayferth and D-C- MuelIer. J. Amer. Chem. Sot.. 93 (1971) 3714. 
5 D. Seyferthand G.J_ Murphy. J. Organometal. Chem.. 52 (1973) Cl. 
6 D. Seyferth and E.M. Hanson, J. OrganometaL Chem.. 27 (1973) 19. 

.7 D. Seyferth. J.Y_-P. Mui and G. Singh. 3. Organometal. Chem-. 5 (1966) 185. 
8 D.C. Mueller and-D. Seyfertb. J. Amer. Chem. Sot.. 91 (1969) 1754. 
9 W. Middlebos. J. strating and B. Zwanenburg. Tetrahedron Let&, (l971) 351. 

10 A.M. - L~I.ZW~, R.J. Mulder and J_ Strating, Tetrahedron Let&, (1964) 543. 
11 H. Nozaki, T. 8akai. H. Takaya and R. Noyori. Kogyo Kagaku Zassbi. 72 (1969) 280. 
12 D. Seyferth and C.K. Haas. J. Organometal. Chem.. 30 (1971) C38. 
13 D. Seyferth and C.K. Haas, J. Organometal. Cbem.. 46 (1972) C33. 
14. (a) N.G. Jo&xnsson and B. Akermark. Acta Chem. &and.. 25 (1971) 1927; (b) N.G. Johansson. Acta 

Cbein. Stand., 27 (1973) 1417. 
i5 D. &yfertb, J.M. Burlitch, R.J. Minasz. J-Y.-P. Mui. H.D. Simmons. Jr., A-J.-H. Treiber and S.R. Dowd. 

J. Amer. Chem. Sot.. 87 0965) 4259. 
18 D. Seyferth, J-Y.-P. Mui and J.M. Burlitch, J. Amer. Chem. Sot.. 89 (1967) 4953. 
17 D_ Seyferth. J_Y.-P_ Mui and R. D-uer. J. Amer. Chem. Sot., SO (1968) 6182. 
18 D. Seyferth anq D.C. Muelier. J. OqzanometaL Chem.. 25 (1970) 293. 
19 D. Seyferth and J_M. B&itch_ J. Organometat Chem.. 4 (1965) 127. 
20 R. Criegee, P. Dimroth and R. 8ebempf. Chem- Ber.. 90 (1957) 1337. 
21 K.C. Bass, Nature, 205 (1965) 169. 
22 F. Nerd& and S. Makbwer, Naturwissenscbaften. 45 (1958) 490. 
23 C.B. Miller and C. Woolf. U.S. Pat- 2803665: Chem. Abstr.. 52 (1958) 2047f_ 
24 D. 8ayfart.h. J.E. Ha&ren; R-J. S~ohn, G.H. W*. MO. Nestle and P.L.K. Hung, J. Organometal. 

Cbem.. in press. 
25’ %Aki~oshi and.T- Matsuda, J. Amer. Chem. Sot.; 77 (1955) 2476. 

-. .- 

I.-. 


