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P& method, 4-methyl-2-pyrone (2.0 g) afforded 2.4 g of pasty yel- 
low crystals which were chromatographed on silica gel with a mix- 
ture of pentane and methylene chloride. The heart cut of the yel- 
low band gave 1.75 g of yellow solid which afforded 1.0 g of 4- 
methylpyran-2-thione, mp 70-71°, after recrystallization from cy- 
clohexane-benzene. 

Preparat ion of Methyl 4-Formylpentanoate. The enamine 
from pyrrolidine and propionaldehyde22 (230 g) was added to 
freshly distilled, neat methyl acrylate (195 g). A yellow color and 
an exothermic reaction ensued. The temperature was kept below 
40" by cooling, and, after 1 hr, the colorless mixture was heated on 
a steam bath for several hours. 

A portion of the reaction mixture (27 g), while chilled in ice, was 
treated with 11.5 ml of concentrated hydrochloric acid. After 2 hr, 
this mixture was extracted twice with ether and the combined ex- 
tracts were washed with water and saturated sodium chloride solu- 
tion, dried over Drierite, and concentrated under vacuum to leave 
methyl 4-formylpentanoate (84%) as a colorless oil: 'H NMR 

2.6 (5 H,  m, aliphatic), 1.12 (3 H,  d ,  J = 7 Hz, CH3); dinitro- 
phenylhydrazine mp 90.5-91.5' (ethanol). 

Preparat ion of 4-Formylpentanoic Acid. The preceding 
methyl ester (257 g) was hydrolyzed by treatment a t  25' with a so- 
lution of 232 g of K2CO3 in l l. of water with subsequent addition 
of 500 ml of methanol. It is necessary to make the ester basic be- 
fore methanol is added, to avoid formation of the dimethyl acetal. 
After 12 hr a t  25', the desired acid was isolated by removal of the 
methanol under vacuum and ether extraction of the acidified hy- 
drolysis mixture. Evaporation of the ether afforded 195 g of crude 
acid (84%). A portion of this acid was purified by distillation [ l l O o  
(3 Torr)]: 'H NMR (CC14) 6 10.45 [l H,  s, COOH), 8.96 (1 H, s, 
CHO), 1.4-2.8 (5 H,  m, aliphatic), 1.16 (3 H, d, J = 7 Hz, CH3); di- 
nitrophenylhydrazone mp 167.5-169' (ethanol). Anal. Calcd for 
CsHloOs: C, 55.37; H, 7.74. Found: C, 55.12; H,  7.65. 

Preparat ion of 5-Methyl-3,4-dihydro-2-pyrone. The proce- 
dure of Pettit et al.23 was followed, using 15.7 g of I-formylpentan- 
oic acid. The crude 5-methyl-3,4-dihydro-2-pyrone was obtained 
as a colorless oil (64%) and was purified by distillation [75' (5 
Torr)]: 'H NMR (220 MHz, CC14) 8 6.3 (1 H, dt ,  J = 1.5, 1.5 Hz, 
vinyl), 2.55 (2 H, br t, J = 7.5 Hz, CHzCO), 2.30 (2 H, br t, J = 7.5 
Hz, allylic CH2), 1.68 (3 H,  dt ,  J = 1.5, 0.9 Hz, CH3). Anal. Calcd 
for C,jHsOz: C, 64.27; H, 7.19. Found: C, 64.23; H,  7.16. 

Preparat ion of 5-Methyl-2-pyr0ne.'~ The dihydropyrone 
(2.25 g) was brominated with N-bromosuccinimide as described by 
Pettit et  al.23 and dehydrobrominated with 1,5-diazabicyclo- 
[4.3.0]non-5-ene. On distillation, 5-methyl-2-pyrone was obtained 
in 40% yield. 

Registry No.-PzSj, 1314-80-3; acetyl chloride, 75-36-5; trifluo- 
roacetic anhydride, 407-25-0; 2-ethoxy-5-methylpyrylium fluo- 

(CC14) 6 9.21 (1 H,  d ,  J = 1.5 Hz, CHO), 3.64 (3 H,  S, OCH3), 1.5- 

roborate, 54657-91-9; triethyloxonium fluoroborate 368-39-8; 3- 
methylglutaconic anhydride, 54657-92-0; 4-methyl-2-pyrone, 
22682-12-8; methyl 4-formylpentanoate, 40630-06-6; methyl 4- 
formylpentanoate 2,4-DNP, 54657-93-1; pyrrolidine and propion- 
aldehyde enamine, 13937-88-7; 4-formylpentanoic acid, 3619-43-0; 
4-formylpentanoic acid 2,4-DNP, 3770-62-5; 5-methyl-3,4-dihy- 
dro-2-pyrone, 54657-94-2. 
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The new organomercury reagents PhHgCClzI, PhHgCClBrI, and PhHgCBrzI were prepared and found to be ef- 
fective divalent carbon transfer agents. They react with carbenophiles within 1-4 days a t  room temperature and 
within minutes a t  80°. The reasons for their high reactivity are discussed. 

Phenyl(bromodichloromethyl)mercury, phenyl(dibrom0- \ /  

/ \  

c\ /x 
c' 'Y 

chloromethyl)mercury, and phenyl(tribromomethy1)mer- 
cury react with a wide variety of carbenophiles (e.g*, eq 1, PhHgCXYBr + >C=C< - PhHgBr + 1 C (1) 
which shows their reaction with an ~ l e f i n ) . ~ ~ ~  At 80°, these 
reactions are rapid and go to completion within 2 hr. At 
lower temperatures, the rates are correspondingly slower. 
These reactions proceed even at  room temperature, but 

x, y 
c1, c1 

16-18 days are required in order to obtain high product Cl, Br 
yieldse5 Br, Br 
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The advantages of these organomercury reagents are 
that they release dihalocarbenes under neutral conditions 
by a direct carbene extrusion mechanism, without inter- 
vention of other intermediates such as the trihalomethyl 
anion,6 and that their divalent carbon transfer reactions 
proceed in high yield because carbene-diverting side reac- 
tions do not intrude with most carbenophiles. 

The transition state which is believed to be involved in 
the carbene extrusion step is I,6 i.e., a concerted process in- 

I 

volving intramolecular nucleophilic attack by X a t  mercury 
and heterolytic Hg-C and C-X bond fission to give PhHgX 
and the carbene CYZ. Consequently, if all other factors are 
held constant in I, one might expect that  the carbene ex- 
trusion reactivity would change as X was varied in the 
order I > Br :> C1, since this is the well-known order of ha- 
lide ion nucleophilicity and since the c-X bond energies 
increase in the order C-I < C-Br < C-C1. In earlier work 
we had found PhHgCCl3 (PhHgCl eliminated) to be a 
much less reactive dichlorocarbene source than 
PhHgCClzBr (PhHgBr eliminated),3,4 so a phenyl(triha1o- 
methy1)mercury compound whose decomposition would in- 
volve phenylmercuric iodide elimination would be expected 
to be rather more reactive than an analogous one in which 
the decomposition proceeded by way of phenylmercuric 
bromide elimination. Accordingly, we decided to investi- 
gate the synthesis, thermal stability, and preparative utili- 
ty of mercurials of the type PhHgCXYI (X = C1, Br). 

Results and Discussion 
Our general procedure for the preparation of 

PhHgCClzBr (eq 2)7 has been adapted, with minor varia- 

PhHgCl + Me,COK + HCC1,Br - THF -25’ 

PhHgCC1,Br + Me,COH + KC1 (2) 

tions, to the synthesis of many other organomercurial~.~ 
This procedure also could be applied successfully to the 
preparation of PhHgCClZI, PhHgCClBrI, and PhHgCBrZI, 
but some modifications were required in view of the very 
limited stability of these reagents. 

Several attempts to prepare phenyl(iododich1orometh- 
y1)mercury from phenylmercuric chloride in T H F  accord- 
ing to the published7 procedure failed; phenylmercuric io- 
dide was the only organomercury product isolated. Its iso- 
lation, together with the observation of the yellow color of 
the CClzI- anion during the addition of CHClzI to the 
PhHgC1-MesCOK mixture and its apparent discharge on 
reaction with phenylmercuric chloride, suggested that the 
desired mercurial was being formed but that  it was too re- 
active under the conditions of work-up to allow isolation. 
Consequently, in subsequent reactions, lower reaction tem- 
peratures were used, a minimum quantity of reaction sol- 
vent mixture was used, and all extraction solvents were 
chilled to 0’ before use; in addition, all steps of the synthe- 
sis were carried out with maximum dispatch. In the suc- 
cessful preparation of PhHgCClZI, the iododichloro- 
methane was added to the slurry of phenylmercuric chlo- 
ride and potassium tert-butoxide in a minimum amount of 
1:l THF-diethyl ether a t  -70’. Immediately upon comple- 
tion of the addition the work-up procedure was initiated 
and the desired organomercury reagent was obtained con- 
sistently in about 50% yield. An analytically pure sample 

could be obtained, but the extreme reactivity of phenyl(io- 
dodichloromethy1)mercury makes its complete purification 
extremely difficult and inefficient. The attempt to recrys- 
tallize this material slowly always results in some decompo- 
sition to phenylmercuric iodide. For practical purposes it is 
better to filter a solution of the crude product in dichloro- 
methane into pentane which has been chilled to -78’ and 
collect the solid which precipitates. The microcrystalline 
yellow solid thus obtained has a purity of 75-90%, as deter- 
mined by its reaction with cyclohexene. In this synthesis it 
is essential that all operations, in particular the removal of 
solvents from the reaction mixture, be carried out as quick- 
ly as possible, 

The application of this modified method to the synthesis 
of phenyl(iodobromochloromethy1)mercury and phenyl(io- 
dodibromomethy1)mercury also proved successful. Both 
mercury compounds also are yellow, microcrystalline, and 
very reactive solids. All three of the new reagents prepared 
were found to be stable for several weeks a t  0’ as the dry 
solid; they also are stable toward oxygen. However, care 
must be taken to avoid contamination of these materials 
with traces of oxygen-containing solvents such as THF, di- 
ethyl ether, acetone, methanol, or ethanol. When traces of 
any of these are present, the solid mercurials will invariably 
undergo exothermic and complete decomposition. Such a 
catalytic decomposition even occurred with a sample of 
PhHgCClzI which was being stored at  0’ in the refrigerator 
in a flask that had been rinsed with acetone but apparently 
still contained traces of the rinse liquid. The exact nature 
of this decomposition is not known; it is not effected by at- 
mospheric oxygen or by light and is in accord with the ob- 
served lower stability of halomethylmercurials in ether sol- 
vents when compared to hydrocarbon solvents. Presumably 
an exothermic chemical reaction of the mercurial with the 
oxygen-containing solvent is involved which generates a 
“hot spot” in the solid sample and provides the activation 
energy for further (rapid) decomposition. Moistening of 
these mercurials with hexane, benzene, or dichloromethane 
did not result in such decomposition. A similar phenome- 
non has been observed with phenyl(f1uorodibromometh- 
yl)mercury, which is another reactive, “room temperature” 
dihalocarbene precursor.8’ 

As expected, phenyl(iododichloromethy1)mercury is a 
very reactive dichlorocarbene transfer reagent. When this 
mercurial was stirred with an excess of cyclohexene in ben- 
zene solution a t  room temperature, the yellow color of the 
mercury compound was discharged completely within 24 
hr, while white phenylmercuric iodide precipitated. 7,7- 
Dichloronorcarane was formed in 89% yield during this 
time (eq 3). A similar transfer of CClz to cyclohexene was 

PhHgCClJ + 0 -+ PhHgI + (3) 

found to occur within seconds a t  80’. Indeed, a 71% yield 
of 7,7-dichloronorcarane could be obtained by stirring a so- 
lution of PhHgCClzI with cyclohexene a t  0’ for 8 days. A 
comparison of similar CClz transfer to cyclohexene at  80’ 
and a t  room temperature using PhHgCClzBr (vide supra) 
shows the dramatic effect of changing the halogen atom X 
in PhHgCClZX from Br to I. 

The transfer of dichlorocarbene from PhHgCClzI to 
other carbenophiles could be effected in high yield within 
24 hr at room temperature; these results are included in 
Table I. Again, the progress of these reactions could be fol- 
lowed by noting the gradual disappearance of the yellow 
color of the reagent. In no cases were any organic iodine 
products observed. 
Phenyl(iodobromochloromethy1)mercury served as a 
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Table I 
Divalent Carbon Transfer Reactions of Phenyl(iododihalomethy1)mercury Compounds 

Reaction P*9I 
Carbenophile (mmol) MI of benzene Reaction t ime temp, OC Product (% yield) % yiel3 Mercury reagenta (mmol) 

PhHgCC1,I (10.5)c 

PhHgCC1,I (10) 

PhHgCC1,I (7.5) 

PhHgCC1,I (7.3) 

PhHgCC1,I (9.8) 

PhHgCC1,I (10) 

PhHgCC1,I (7.1) 

PhHgCClBrI 

PhHgCClBrI (10) 

PhHgCClBrI (10) 

PhHgCClBrI (10) 

PhHgCClBrI (10) 

PhHgCBr,I (10.4)j 

0 
0 

Me,SiCH,CH=CH, 

E t3SiH (30)i 
(30) 

(30) 

15 

25 

15 

15 

15 

15 

15 

20 

50 

20 

20 

20 

20 

24 hr 

< 1  min 

8 days 

24 h r  

24 hr 

24 hr 

24 hr 

4 days 

< 1 0  min 

4 days 

4 days 

4 days 

7 days 

25 

80 

0 

25 

25 

25 

25 

25 

80 

25 

25 

25 

25 

92 

94 

80 

93 

88 

72 

82 

80 

82 

87 

80 

84 

70 

a Number of millimoles of active reagent in sample used (usually 70-90% purity). Mixture of isomers. Registry no., 33441-85-9. d Regis- 
try no., 110-83-8. e Registry no., 931-88-4. f Registry no.. 762-72-1. g Registry no., 108-05-4. Registry no., 35349-96-3.1 Registry no., 617-86-7. 
J Registry no., 54724-58-2. 

source of chlorobromocarbene at  room temperature. How- 
ever, a reaction time of 4 days was required with cyclohex- 
ene in benzene solution before the yellow color of the mer- 
cury reagent had disappeared and thin layer chromatogra- 
phy3 indicated that the starting material had been con- 
sumed. Again, exclusive elimination of phenylmercuric io- 
dide appeared to be occurring, since only chlorobromocar- 
bene-derived products were obtained (eq 4). Transfer of 

PhHgCClBrI + 0 -+ PhHgI + mrr (4) 

CClBr from this mercurial was complete within minutes a t  
80'. 

The divalent carbon transfer reactivity of phenyl(iododi- 
bromomethyl)mercury, which could not be obtained ana- 
lytically pure, was investigated only briefly. A solution of 
this compound and cyclohexene in benzene required stir- 
ring for 7 days at room temperature before TLC indicated 
that the starting material had been consumed. Thus 
PhHgCBrzI is only about two times more reactive than 
PhHgCBrs. Furthermore, the product yields obtained with 
PhHgCBrzI unaccountably were not high (60-65%), so no 
advantage can be gained by using this reagent. 

All of the dihalocarbene transfer reactions effected with 
these new reagents are summarized in Table I. 

A comparison of the periods of time required for com- 
plete decomposition at room temperature of various phen- 
yl(trihalomethy1)mercury reagents in the presence of the 
same carbene trap, cyclohexene, is given in Table 11. In all 

Table I1 
Times Required for Decomposition in Benzene Solution 
in the Presence of Cyclohexene at Room Temperature 

X =  I Registry no. (X = Br) X = Br 5 Compd 

PhHgCC1,X 3294-58-4 18 days 24 h r  
PhHgCClBrX 3294-59-5 16 days 4 days 
PhHgCBr,X 3294-60-8 15 days 7 days 

cases substitution of an iodine for a bromine as the elimi- 
nated halide results in increased thermal lability. This is 
entirely in accord with the ideas discussed in the introduc- 
tion. 

The variation of decomposition rate among the various 
iodine-containing mercurials possibly can be rationalized in 
terms of the ability of the other halogen substituents to 
stabilize the carbene center. Thus chlorine provides better 
pT-pr stabilization a t  the incipient carbene center than 
does bromine. Our other studies9 have provided evidence 
that the stability of the extruded carbene is an important 
factor in determining the effectiveness of a halomethylmer- 
cury compound; the more stable the carbene formed, the 
faster its rate of extrusion. 

The lack of practical utility of PhHgCBrpI already has 
been noted. Another factor which is of some importance as 
far as the application of these new reagents in synthesis is 
concerned is the availability of the required haloforms. The 
preparation of dibromoiodomethane and chlorobromoio- 
domethane is cumbersome and this immediately detracts 
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from any potential attractiveness of PhHgCBr21 and 
PhHgCClBrI. On the other hand, the preparation of di- 
chloroiodomethane is not difficult. However, in spite of this 
fact and in spite of the attractive synthetic applicability of 
PhHgCClzI as described above, this reagent cannot be rec- 
ommended as a "routine" CCl2 source. Its handling re- 
quires the greatest care in view of its thermal lability and 
its ready catalytic decomposition by various common sol- 
vents. Prudence dictates that its synthesis and storage be 
carried out on a relatively modest scale-no more than 
about 0.25 mol. As a result, for room-temperature applica- 
tions the less reactive but equally reliable5 and much more 
easily prepared and handled PhHgCClzBr will be prefera- 
ble.lo 

Experimental Section 

General  Comments. All reactions were carried out in flame- 
dried glassware under an atmosphere of prepurified nitrogen. Te- 
trahydrofuran (THF), benzene, and hexane (all reagent grade) 
were distilled from sodium benzophenone ketyl before use. 

Infrared spectra were recorded using a Perkin-Elmer 257 or 
457A grating infrared spectrophotometer, NMR spectra using a 
Varian Associates T60 or a Perkin-Elmer Hitachi R-20B spectrom- 
eter. Chemical shifts are reported in parts per million downfield 
from internal tetramethylsilane. Chloroform (6 7.27 ppm) and di- 
chloromethane (6 5.30 ppm) also were used as internal standards. 

Gas chromatography (GLC) was used routinely for isolation of 
pure samples, for determination of purity, and for yield determina- 
tions using an appropriate internal standard. All columns were 
packed with acid-washed dimethyldichlorosilane-treated Chromo- 
sorb W. 

Preparat ion of Haloforms. Iododichloromethane was prepared 
by a modification of the procedure of Soroos and Hinkamp" for 
the preparation of iodoform. In this case a large excess (1200 ml) of 
chloroform was treated with iodomethane (400 g) and a catalytic 
amount of aluminum chloride (30 g) a t  reflux until evolution of 
chloromethane ceased. In this manner, CHClzI could be prepared 
in 54% yield on up to a 7-mol scale with no difficulty. Iodobromo- 
chloromethane and iododibromomethane were prepared by treat- 
ment of dibromochloromethane and bromoform, respectively, with 
sodium methoxide in the presence of sodium iodide by the method 
of Hine and Prossner.12 In both cases, the yields were low and 
careful fractional distillation was required to separate product and 
starting material. All three haloforms are very sensitive toward 
light. 

An alternate procedure for the preparation of iododibromo- 
methane was developed which involves the iodination of 
CHBrZMgCl. This has the advantage of making the isolation of the 
product easier, since no bromoform remains in the reaction mix- 
ture. 

Into a 2-1. flask equipped with mechanical stirrer, addition fun- 
nel, pentane thermometer, and nitrogen inlet were placed 69 ml 
(0.8 mol) of bromoform and 500 ml of THF. The solution was 
cooled to -80" and 0.8 mol of isopropylmagnesium bromide was 
added over a 1-hr period, while the temperature was kept below 
-70'. In portions, 200 g (0.8 mol) of iodine was added over a 10- 
min period via a transfer tube. The reaction mixture a t  -70' was 
stirred for 6 hr and subsequently was hydrolyzed with ca. 100 ml of 
saturated ammonium chloride solution and filtered to remove the 
precipitated magnesium salts. The organic layer was reduced in 
volume to 400 ml by rotary evaporation and the remaining brown 
liquid was washed with several portions of 1 M sodium thiosulfate 
solution totaling 400 ml in volume. The residue was trap-to-trap 
distilled (50°, 0.2 mm); the distillate was washed with 100 ml of 1 
M thiosulfate solution, which removed all the remaining brown 
color. Redistillation (IO-cm Vigreux column) yielded 50 g (25%) of 
iododibromomethane, bp 62' (2.8 mm), T Z ~ ~ D  1.6807. 

Preparat ion of Phenyl(iododichloromethy1)mercury. Into a 
1-1. flask equipped with mechanical stirrer, pressure-equalizing 
dropping funnel, pentane thermometer, and nitrogen inlet were 
placed 50.0 g (0.16 mol) of phenylmercuric chloride and 150 ml of 
diethyl ether. To this slurry, chilled to -55', was added, over a 
5-min period, 25 g (0.22 mol) of potassium tert-butoxide (M. S. A.) 
in 120 ml of THF. The resulting mixture was stirred a t  -55' for a 
15-min period, during which time most of the mercuric halide dis- 
solved. To  this was added, over a 10-min period, keeping the tem- 
perature below -55', 40.0 g (0.18 mol) of iododichloromethane. 
After 3 rnin of additional stirring, the solvents were removed rap- 
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idly in vacuo from the dark yellow-green reaction mixture. To the 
colored solids were added 75 ml of water and 600 ml of chilled (ca. 
0') methylene chloride. The methylene chloride layer was decant- 
ed through a paper towel into a chilled flask (ca. -70'). The water 
layer was extracted with two 100-ml portions of methylene chlo- 
ride. The filtered organic layers were combined and the solvent 
was removed rapidly on a rotary evaporator. The yellow solid was 
dissolved in 200 ml of chilled methylene chloride and the solution 
was filtered into 600 ml of pentane chilled in a Dry Ice-acetone 
bath. After 3 min, 40 g (52%) of the mercurial was collected by fil- 
tration as a yellow, microcrystalline solid. Evaporation of the 
mother liquor to 150 ml produced another 5 g (6%) of the desired 
material. The solid was identified as phenyl(iododich1orometh- 
y1)mercury on the basis of the following: mp 72' (instant decompo- 
sition); ir (CC14) 3030 m, 3025 m, 1805 w, 1630 m, 1573 w, 1480 m, 
1433 s, 1330 w, 1300 w, 1065 w, 1030 m, 1003 m, 915 w, 850 w, 735 
m, 700 s, 633 cm-l m; NMR (CDC13) 6 7.30 (s, 5, C6H5). 

Anal. Calcd for C7HsClzIHg: C, 17.24; H, 1.03; I, 26.04. Found: C, 
17.09; H, 1.08; I, 25.72. (Calcd for C6H5HgI: C, 17.80; H, 1.25; I, 
31.37.) 

Thermal  Analysis of Phenyl(iododichloromethy1)mercury. 
Into a tared 50-ml flask with magnetic stir bar were placed 1.498 g 
of the crude title mercurial and 2 ml of cyclohexene. The mercurial 
solution was stirred a t  40' for 12 hr, during which time PhHgI was 
precipitated. All volatile materials (cyclohexene and 7,7--dichloro- 
norcarane by GLC) were removed by evacuation (40°, 0.07 mm) 
for 5 hr and the flask was reweighed. A 0.2170-g weight loss was 
noted. Calculations as follows indicated a sample purity of 86% 
0.2170 g of dichlorocarbene formed/0.0829 g/mol of dichlorocar- 
bene = 2.62 mmol of carbene in sample; 2.62 mmol X 487.5 mg of 
PhHgCCl&mmol = 1280 mg of PhHgCClzI in sample; 1.280 g of 
PhHgCC121/1.498 g of sample = 86% pure by weight. 

Catalytic Solvent-Induced Decomposition of Phenyl(iod0- 
dichloromethy1)mercury. Into a 10-ml erlenmeyer flask was 
placed ca. 0.2 g of the title mercurial. Two drops of the appropriate 
solvent was placed directly onto the solid. When acetone, THF,  
methanol, ethanol, or ether was used, after 10 sec had elapsed, de- 
composition accompanied by emission of white fumes abruptly 
commenced. When hexane, benzene, methylene chloride, chloro- 
form, or water was employed, no such decomposition ensued; the 
mercurial remained unchanged. Similar results were obtained in 
flasks flushed with argon or air, or in flasks exposed to or shielded 
from the light. 

Preparat ion of Phenyl(iodobromochloromethy1)mercury. 
Into a 1-1. flask equipped with mechanical stirrer, addition funnel, 
pentane thermometer, and nitrogen inlet were placed 50 g (0.16 
mol) of phenylmercuric chloride and 150 ml of anhydrous diethyl 
ether. To  this slurry, chilled to -65', was added over a 3-min peri- 
od 25 g (0.22 mol) of potassium tert-butoxide (M. S. A.) in 120 ml 
of THF. This mixture was stirred a t  -65' for 15 min. To  this was 
added over a 10-min period, while the temperature was kept below 
-60°, 44 g (0.18 mol) of freshly distilled iodobromochloromethane. 
After the solvents had been removed from the deep orange solu- 
tion a t  reduced pressure, 800 ml of chilled methylene chloride and 
75 ml of cold water were added to the remaining solids. The yellow 
organic layer was rapidly filtered into a flask chilled to -70'. After 
removal of the methylene chloride, the solid residue was dissolved 
in 150 ml of methylene chloride and the solution was filtered into 
600 ml of hexane chilled to -70'. After 5 min of chilling, 61 g of 
yellow, microcrystalline phenyl(iodobromochloromethy1)mercury 
was filtered with suction. The mother liquor was reduced in vol- 
ume to 200 ml and an additional 4 g of solid was collected to give a 
total yield of 76%. The dry mercurial was stored in the freezer. A 
twice recrystallized sample melted a t  78' with decomposition: ir 
(Nujol mull) 1500 w, 1435 m, 1370 m, 1025 w, 1000 w, 735 s, 720 s, 
695 m, 660 w, 635 cm-' m; NMR (CDC13) 6 7.32 (s, 5, CsH5). 

Anal. Calcd for C7H5BrClIHg: C, 15.80; H, 0.95; I, 23.86; Hg, 
37.70. Found: C, 15.62; H,  0.87; I, 23.74; Hg, 38.06. 

Preparat ion of Phenyl(iododibromomethy1)mercury. To a 
slurry of 50 g (0.16 mol) of phenylmercuric chloride in 120 ml of di- 
ethyl ether chilled to -70' was added a solution of 25 g (0.22 mol) 
of potassium tert-butoxide (M. S. A.) in 100 ml of T H F  over a pe- 
riod of 5 min. This slurry was stirred for l hr, and then 60 g (0.20 
mol) of iododibromomethane was added over a 7-min period while 
the temperature was maintained below -60'. The solvents were 
removed a t  reduced pressure from the yellow-orange solution, and 
the remaining solid was treated with 600 ml of chilled methylene 
chloride and 50 ml of water. The solvents were removed quickly 
from the filtered, orange organic layer. The remaining solid was 
dissolved in 150 ml of methylene chloride and filtered into 600 ml 
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of hexane chilled to -70'. After the filtrate had been chilled for 5 
min, 45 g (49%) of a yellow, microcrystalline solid was removed by 
filtration. Satisfactory elemental analysis on a twice recrystallized 
sample of mp 85' dec was not obtained but the spectral data sup- 
port the assignment of structure as phenyl(iododibromomethy1)- 
mercury. Similar features to those for PhHgCClzI and 
PhHgCClBrI are seen in the infrared spectrum. TLC indicates 
that only one compound is present: ir (Nujol mull) 3060 w, 2857 m, 
1523 w, 1475 m, 1460 m, 1258 w, 1058 w, 1021 w, 1012 w, 992 w, 908 
w, 798 w, 728 s, 693 cm-ls; NMR (CDC13) 6 7.38 (s, 5, C6H5). 

Anal. Calcd for C7HsBrzIHg: C, 14.58; H, 0.88. Found: C, 11.91; 
H, 0.98. 

Several attempts were made to recrystallize this mercurial more 
slowly. While this was occasionally successful, several times a dark 
red color appeared as phenylmercuric halide was rapidly deposit- 
ed. Once this decomposition commenced, none of the desired mer- 
curial could be recovered. 

Reaction of Phenyl(iododichloromethy1)mercury with Cy- 
clohexene at Room Temperature. Into a 50-ml flask equipped 
with thermometer and nitrogen inlet were placed 2.46 g (30 mmol) 
of cyclohexene (distilled from LiAlH4), 6.0 g of 86% pure (10.5 
mmol of active reagent) title mercurial, and 15 ml of benzene. The 
solution was stirred for 24 hr, during which time the yellow color of 
the mercurial was discharged and white phenylmercuric iodide 
precipitated. TLC monitoring confirmed that the starting material 
had been consumed by the end of this period. The mixture was fil- 
tered to give 4.72 g (92%, corrected for starting mercurial purity) of 
phenylmercuric iodide, mp 264' (lit.13 mp 269'). The clear filtrate 
was trap-to-trap distilled (40°, 0.05 mm) into a liquid nitrogen 
chilled receiver. GLC analysis (10% UC-W98, 120') using dode- 
cane as the internal standard indicated an 89% yield of 7,7-dichlo- 
ronorcarane. The product was identified by comparison of" its GLC 
retention time and the infrared spectrum of a GLC-collected sam- 
ple (20% UC-W98,140°) with those of authentic material. 

Reaction of Phenyl(iododichloromethy1)mercury with Cy- 
clohexene at 0". Into a 50-ml flask were placed 2.46 g (30 mmol) 
of cyclohexene, 4.88 g of 75% pure (7.5 mmol) phenyl(iododich1oro- 
methyl)mercury, and 15 ml of benzene. The yellow solution was 
stirred for 8 days a t  O', during which time the yellow color of the 
mercurial gradually disappeared. Filtration yielded 80% of phenyl- 
mercuric iodide, mp 260'. Trap-to-trap distillation and GLC yield 
analysis asabove showed the presence of a 71% yield of 7,7-dichlo- 
ronorcarane. 

Reaction of Phenyl(iododichloromethy1)mercury with Cy- 
clohexene at 80". Into a 50-ml flask equipped with thermometer, 
reflux condenser, pressure-equalizing dropping funnel, and nitro- 
gen inlet were placed 2.56 g (30 mmol) of cyclohexene and 3 ml of 
benzene. The olefin solution was heated to reflux, and then a solu- 
tion of 5.7 g (10 mmol) of 86% pure title mercurial in 20 ml of ben- 
zene was added over a period of 3 min. The yellow color of the 
mercurial was completely discharged within 10 sec of its addition. 
After the reaction mixture was cooled, 4.63 g (94%) of phenylmer- 
curic iodide, mp 260°, was collected by filtration. Trap-to-trap dis- 
tillation and yield analysis, as above, showed an 85% yield of 7,7- 
dichloronorcarane. 

Reaction of Phenyl(iodobromochloromethy1)mercury with 
Cyclohexene at 80". Into a 50-ml flask equipped with thermome- 
ter, reflux condenser, pressure-equalizing dropping funnel, and ni- 
trogen inlet were placed 2.46 g (30 mmol) of cyclohexene and 3 ml 
of benzene. To the refluxing olefin was added 5.3 g (10 mmol) of 
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the title mercurial in 20 ml of benzene over a period of 4 min. The 
yellow color of the mercurial was completely discharged within 3 
min of its addition. After the reaction mixture had been cooled, 3.3 
g (82%) of phenylmercuric iodide, mp 255O, was collected by filtra- 
tion. GLC analysis of the distilled filtrate (as above) showed an 
81% yield of 7-bromo-7-chloronorcarane. 

Reaction of Phenyl(iododibromomethy1)mercury with Cy- 
clohexene at Room Temperature. In a 50-ml flask 2.86 g (30 
mmol) of cyclohexene (distilled from LiAlHd), 6.0 g (10.4 mmolj'of 
the title mercurial, and 20 ml of benzene were stirred for 7 days a t  
room temperature, during which time the dark yellow-orange color 
of the mercurial became less intense. TLC monitoring of the reac- 
tion indicated that the starting mercurial had been consumed by 
the end of this period. Filtration yielded 2.5 g (70%) of white 
phenylmercuric iodide, mp 255O. GLC analysis (column A, 140°, 
dodecane) of the trap-to-trap distillate (60°, 0.05 mm) indicated a 
65% yield of 7,7-dibromonorcarane. Spectral data on a GLC-col- 
lected sample agreed with those for authentic material. 

All other reactions listed in Table I were carried out using these 
general procedures a t  the temperatures indicated. In all reactions 
carried out, samples of the dihalocyclopropane or the triethyl(di- 
halomethy1)silane produced were isolated by GLC and their iden- 
tities were confirmed by comparison of their GLC retention times 
and ir spectra with those of authentic samples from our previous 
studies with PhHgCClnBr, PhHgCClBrz, and PhHgCBr3.3!14-16 
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