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Phenyl(bromodichloromethy1)mercury has been found to insert CClz into aliphatic C-H bonds. Most reactive 
in this reaction are tertiary C-H bonds; secondary C-H bonds are less reactive and no such insertion into methyl 
group C-H bonds was observed. The cases of 3-methylcyclohexene and trans-MeaSiCH=CHCHMez showed 
that a tertiary C-H bond can even compete for CClt in some measure with a C=C bond. In  the case of alkyl- 
benzenes such as ethylbenzene and cumene, CClr insertion occurred exclusively in the benzylic position. These 
reactions are of preparative utility. A mechanism involving a transition state (111) in which the carbon atom 
at which the C-H insertion is occurring bears a partial positive charge is suggested. The first case of an inser- 
tion of CBrz into a C-H bond (of ethylbenzene) is described. 

The insertion of singlet state CH2 into C-H bonds of 
of alkanes (-+ C-CH, groups) is a well-known reac- 
tionl6 but in 1962 an analogous insertion of a dihalo- 
carbene into any kind of a C-H bond had not yet been 
encountered. During our early work on the CX2 
transfer reactions of phenyl(trihalomethy1)mercury 
 compound^,^ we sought to study the thermolysis of 
PhHgCC12Br and PhHgCCI3 in an inert medium. In  
view of the apparent lack of reactivity of CC12 derived 
from other sources toward C-H linkages, n-heptane was 
chosen as the “inert” medium. When phenyl(tri- 
chloromethyl) mercury was heated at reflux in n-heptane 
solution under nitrogen, phenylmercuric chloride pre- 
cipitated (ca. 80% yield), and one of the volatile prod- 
ucts obtained in very low yield upon work-up of the 
filtrate (glpc) was found by combustion analysis to have 
the empirical formula C ~ H I & ~ Z ,  i.e., (C7H16 + CClz), 
an insertion product of CClz into heptane. Because 
several isomeric (dichloromethy1)heptanes were possi- 
ble, it was decided to study this novel reaction with a 
simpler substrate, cyclohexane. The decomposition 
of phenyl(bromodichloromethy1)mercury in refluxing 
cyclohexane during 3 hr gave phenylmercuric bromide 
(77%), tetrachloroethylene8 (26%), cyclohexyl bromide 
(22%, based on available bromine), and a new com- 
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pound identified by analysis and its nmr and ir spectra 
as (dichloromethy1)cyclohexane (32%). Dichlorocar- 
bene insertion into a completely unactivated C-H 
bond in a preparatively useful yield was unprecedented 
and most surprising. Clearly, further studies were 
called for. 

The unactivated secondary C-H bond is very low 
on the scale of reactivity toward CC12. Under the 
usual conditions which serve in the high yield dichloro- 
cyclopropanation of olefins (3 mol of substrate to 1 
mol of PhHgCClzBr in benzene solution at  SO0), the 
reaction of phenyl(bromodichloromethy1)mercury with 
cyclohexane proceeded very poorly, (dichloromethy1)- 
cyclohexane being obtained in only trace yield. How- 
ever, tertiary aliphatic C-H bonds were found to be 
more reactive. Thus, under these standard reaction 
conditions PhHgCClzBr served to convert methylcyclo- 
hexane to l-methyl-l-(dichloromethy1)cyclohexane in 
15% yield and 2-methylhexane to l,l-dichloro-2,2- 
dimethylhexane in 20% yield (eq 1). In  neither case 

was any insertion into CH, or CH3 groups observed; 
insertion into the methine C-H appeared to be the 
exclusive process. These limited data suggest a 
reactivity sequence for aliphatic C-H bonds in the 
order tertiary C-H > secondary C-H > primary C-H. 
Indirect confirmation for this was provided in experi- 
ments with cyclohexene and 3-methylcyclohexene. In  
the case of the former, reaction with PhHgCC12Br a t  
80” gave 7,7-dichloronorcarane as the sole product 
(eq 2),8 but with 3-methylcyclohexene, where a tertiary 
C-H bond is available to compete with the C=C bond 
for CC12, both C=C addition and C-H insertion were 
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(2 ) 

Q- PhHgCC12Br 

H3C H H3C H H3C CClPH 
76% 9% 

observed (eq 3).'0 A similar observation was made 
with vinylic silanes of the type A!te3SiCH=CHR. A 
mixture of cis- and trans-propenyltrimethylsilane gave 
only the expected C=C addition productsj9 as did a 
mixture of trans-R4eaSiCH=CHC4H9-n and Me3Si- 
(n-C4Hg)C=CHZ (eq 4). In  contrast, the tertiary 

/H PhHgCC1,Br MesSi\ ,H Me,Si\ 
,C=C, + ,c=c\ - 

H C4H9 CJ-4 H 
( 7 3 )  

Me3Si H Me3Si H 
I I  I I  

60% 15% 

C-H bond of trans-RiIeaSiCH=CHCHR!te2 competed 
effectively with the rather unreactive12 Measi-substitu- 
t'ed C=C bond (eq 5 ) .  This tertiary C-H bond is also 
allylic and, hence, should be more reactive than that 
of 2-methylhe~ane.~ 

A 

Me3Si\ ,H 
c-c 

'CMe, (5) 
I H CHMez 

c12 CClzH 
59% 27 % 

+ H/ 

We were diverted from our intention of continuing 
studies of purely aliphatic systems by the report of 
Fieldsla that dichlorocarbene (generated via sodium 
trichloroacetate pyrolysis in 1,2-dimethoxyethane) in- 
serted very specifically into benzylic C-H bonds of 
alkylbenzenes such as ethylbenzene, cumene, p-diiso- 
propylbenzene, tetralin, and diphenylmethane (eq 6). 
The yields ranged from 17 to 39%. It was noteworthy 

R R 

H 
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restricted to  reactions carried out a t  80' or below. 
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(12) D. Seyferth and H. Dertouzos, J. OrganometaL Chem., 11, 263 
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that only minute yields of such insertion products were 
obtained when the low-temperature CHCl&BuOK and 
CC13C02Et-NaOMe CClz-generating systems were 
used.la Fields commented that it appeared that the 
additional thermal energy associated with the sodium 
trichloroacetate procedure (80-85O reaction tempera- 
ture) was an important factor and suggested that the 
CClz insertion reaction mechanism may not be identical 
with the "normal" carbene insertion mechanism, i.e. 
that of CH2 into C-H bonds. 

It was, of course, of interest to study analogous reac- 
tions with phenyl(bromodichloromethy1)mercury for 
purposes of comparison, and we have carried out a 
brief investigation of the thermolysis of this mercurial 
in ethylbenzene and in cumene to see if results similar 
to those of Fields would be obtained. Such was the 
case, except that our yields of PhCH(Me)CC12H and 
PhCMe2CC12H, 35 and 58%) respectively, were ap- 
proximately double those reported for the sodium tri- 
chloroacetate procedure. I n  the case of the reaction 
with cumene, two by-products, tetrachloroethylene 
(4%) and 1,l-dichloro-2-methyl-2-phenylcyclopropane 
(273,  were identified. Since the cumene used had been 
rigorously purified of olefins before use, the presence of 
the latter by-product may be indicative of a free-radical 
side r ea~ t i0n . l~  An example of the insertion of a CBrz 
moiety into a benzylic C-H linkage was provided by 
the decomposition of PhHgCBra in ethylbenzene a t  
85". p,p-Dibromoisopropylbenzene was obtained in 
6.5% yield. The low yield probably is not a good indi- 
cation of the efficiency of the reaction since the isolation 
and purification of the unstable, high-boiling product 
proved to be difficult.15 

We shall defer a more detailed discussion of the 
mechanism of the insertion of dichlorocarbene into 
C-H bonds until a later paper of this series. The 
reactivity sequence observed (tertiary C-H > sec- 
ondary C-H >> primary C-H), as well as the activa- 
tion by adjacent phenyl groups may be rationalized 
in terms of either a radical process (eq 7) or a polar 
process in which a significant partial positive charge is 
placed on the carbon atom into whose bond to hydrogen 
the CC12 insertion is taking place (eq 8 shows the ionic 
extreme). To date no evidence for the occurrence of 

-A-H + CClz --f [ -4). . CCbH] -+ - A CClzH (7) 
I I 

J I 
I 

L I  

CC12 in the diradical triplet state has been reported, 
and in its well-developed chemistry there has been no 
indication of radical reactions; all of the reactions of 
CC12 are best rationalized in terms of a singlet configura- 
tion.l6 Thus a polar process such as that shown in its 
extreme ion pair form (I) in eq 8 would be more in agree- 
ment with the known reactivity of CC12. It is our 

(14) I t  has been shown that or-methylstyrene (from which the observed 
cyclopropane must be derived) as well as bicumyl are produced in the ir- 
radiation of phenanthraquinone in cumene: R. F. Moore and W. A. Waters, 
J. Chem. Soc.,  3405 (1953). 

(15) Our recent report of the insertion of PhHgCClBrz-derived CClBr 
into the benzylic C-H bond of cumene in 53% yield also should be noted: 
D. Seyferth, S. P. Hopper, and T. F. Jula, J. Organometal. Chem., 17, 
193 (1969). 
(16) Reference 6% Chapter 8 ;  ref 6h, Chapter 3. 
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belief that the formation of by-products such as cyclo- 
hexyl bromide in the case of the PhHgCC12Br-cyclo- 
hexane reaction and 1,1-dichloro-1-methyl-1-phenyl- 
cyclopropane in the PhHgCClzBr-cumene reaction 
results from radical side reactions and that their forma- 
tion is in no way indicative of the mechanism of the 
insertion of CCl2 into the C-H bond. 

In  the reactions under discussion CC12 is much more 
selective than CH2 in comparable reactions. 17,18 For 
instance, in the case of cyclohexene, CH2 (from liquid 
phase CHzN2 photolysis) not only added to the C=C 
bond but also inserted into all possible C-H bonds 
(eq 9). With 2,3-dimethylbutane, CH2 insertion ap- 

0 3 + uCH3 + 
37 parts l lpar ts  

p 3  0 + cH3u (9) 

26 parts 26 parts 

peared to be nearly random with respect to available 
primary and tertiary C-H bonds (eq 10). Subsequent 

IH3 CHa 
H3C- -- -CH3 + 

I I  
CH3 H 

H&- 1 - r C H Z C R 3  + 
I 

CH3 4 1  H CH3 AH3 
83 parts 17 parts 

work by Doering and Prinzbachl9 suggested that such 
CH2 insertion into C-H bonds involved a direct inser- 
tion process (transition state 11). Our results with 

I 
1 %, / 
A 

-C,-,H 

H H  
11 

CCIZ are in marked contrast to those found with CH2, 
and we believe that the selectivity of CC12 observed 
in these reactions is most reasonably accommodated by 
a transition state in which there is some development 
of charge (111). This transition state is analogous to 

I bf 
I 

-C,-,H I 'x, ; 

8- c1 c1 
I11 

the one we suggested for CCl2 insertion into the Si-H 
bond on the basis of the results of a previous study.20 

(17) W. von E. Doering, R.  G. Buttery, R. G. Laughlin, and N. Chaud- 

(18) D. B. Richardson, M. C. Simmons, and I. Dvoretzky, ibid., 82, 

(19) W. von E. Doering and H. Prinzbaoh, Tetrahedron, 6 ,  24 (1959). 
(20) D. Seyferth, R. Damrauer, J. Y.-P. Mui, and T. F. Jula, J .  Amer. 

huri, J .  Amer. Chem. Soc., 18, 3224 (1956). 

5001 (1960); 88, 1934 (1961). 

Chem. Soc., 90, 2944 (1968). 
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A crude estimate of the relative reactivity of an 
allylic tertiary C-H bond (us. 1-heptene) can be ob- 
tained from the results shown in eq 5. Here the total 
yield of products was S6%, so that the relative yields 
of the two products obtained can serve, as a first ap- 
proximation, as a measure of the relative reactivity of 
the C=C bond and the tertiary C-H bond in the 
reactant, trans-?c're3SiCH=CHCHMe2. This value, 
k(C-H)/k(C=C), is 0.46. The relative reactivity us. 
1-heptene of the unsubstituted vinyl group attached to 
silicon in the compound Me2EtSiCH=CH2 toward CCl2 
a t  80" is 0.069;21 so the relative reactivity of the tertiary 
C-H of trans-Me3SiCH=CHCHMe2 would be in the 
order of 0.03 on that scale. We are assuming that the 
trimethylsilyl group has no effect on the reactivity 
of the C-H bond in the y position; this, however, may 
not be the case. It is thus understandable why essen- 
tially no C-H insertion chemistry is observed with 
CX2 generating systems in which a trihalomethide ion 
source is treated with an alkali metal alkoxide. In  
such systems the side reactions occurring between the 
CX2 and the reagent used in its generation (or the 
products derived therefrom) become the main pro- 
cesses when the substrate used as CX2 trap is rather 
unreactive. The present study thus offers another 
example of the unique applicability of the phenyl- 
(trihalomethy1)mercury reagents in the study of reac- 
tions of dihalocarbenes with poorly reactive substrates. 

Experimental Section 
General Comments.-All reactions were carried out under an 

atmosphere of prepurified nitrogen or argon. Infrared spectra 
were recorded using a Baird Model B or Perkin-Elmer Infracord 
337 or 337 spectrophotometers. Nmr spectra were obtained using 
a Varian Associates A-60 or T-60 spectrometer. Chemical shifts 
are given in 6 units, parts per million downfield from internal 
TNIS. Thin layer chromatographic analysis of reaction mixtures 
for organomercury compounds was performed as described in a 
previous paper of this series.22 Gas-liquid partition chromatog- 
raphy (glpc) was carried out using MIT isothermal units and 
F & M temperature-programmed gas chromatographs. The 
columns were packed with 25% General Electric Co. SE-30 
silicone rubber gum on Johns Manville Chromosorb W or P, 
Dow Corning 710 silicone oil on Chromosorb P ,  or Dow Corning 
DC 200 silicone oil on Chromosorb P unless otherwise noted. 
The internal standard method was used in glpc yield determina- 
tion. 

Phenyl(bromodichloromethyl)mercury, phenyl(tribromometh- 
yl)mercury, and phenyl(trichloromethy1)mercury were prepared 
as described by us previously;22p2s the preferred procedure is that 
given in ref 23. 

(a) trans-1- 
Trimethylsilyl-3-methyl-l-butene.-A mixture of 6.12 g (0.09 
mol) of 3-methyl-1-butyne (Farchan Research Laboratories), 
9.0 ml (at -78") (ca. 0.09 mol) of trimethylsilane, and 20 pl of 
a solution of chloroplatinic acid in 2-propanol (1 g in 5 ml) was 
sealed in a bomb tube under a nitrogen atmosphere and kept for 
2 days a t  room temperature. The reaction mixture then was 
filtered from some black solid and distilled at  reduced pressure 
t o  give 9.92 g (78%) of the monoaddition product [bp 56' (65 
mm), n2% 1.4166; lit.24 bp 124-125", ~ * O D  1.41801 as well as 
0.6 g of material of bp ca. 40' (0.6 mm), presumably the di- 
addition product. Glpc analysis of the monoaddition product 
(General Electric Co. XF-1112 on Chromosorb W at  100") 
showed that two components were present; the peak area ratios 
were 87:13. An nmr spectrum in CCl, of the monoaddition 

Preparation of Starting Organosilicon Olefins. 

(21) D. Seyferth and H. Dertouaos, J .  Oroanometal. Chem., 11, 263 (1998). 
(22) D. Seyferth and J. M. Burlitoh, ibid., 4, 127 (1965). 
(23) D. Seyferth and R. L. Lambert, Jr., ibid., 18, 21 (1969). 
(24) R. A. Benkeser, M. L. Burrous, L. E. Nelson, and J. V. Swisher, J .  

Amer. Chem. Soc., 83, 4385 (1961). 
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product confirmed this: two different MeaSi resonances were 
observed a t  6 0.10 and 0.15 ppm, with peak area ratio of 86:14. 
The pure components were isolated by preparative glpc. 

The major component was trans-l-trimethylsilyl-3-methyl-l- 
butene: nZ5D 1.4156; nmr (neat) 6 6.30-5.41 [six lines, the AB 
part of an ABX spectrum, J (a) = 18 Hz, J (b) = 5 Hz], 2.33 

/ H  
H 

=C 
\ /  c=c ' \ H  'CH< 

a b 

(1 H,  MezCH-) m, 1.04 [6 H ,  (CH3)zCI d (J = 6.8 Ha), 0.10 
ppm (9 H, MesSi) s .  

Anal. Calcd for CsH,,Si: C. 67.51: H. 12.75. Found: C. - ." , I  

67.27; H, 12.57. 
The minor component was not obtained in analytical purity: 

nmr (neat) 6 5.71 (1 H, =CH trans to i-Pr) double d, 5.42 (1 H, 
=CH cis to i-Pr) d (J = 2.4 He), 2.49 (1 H, MezCH-) m, 1.08 
[6 H, (CHa)zC] d (J = 7.0 He), 0.15 ppm (9 HI  MesSi) s. 

Anal. Calcd for C*Hl8Si: C, 67.51; H, 12.75. Found: C, 
68.69; H, 12.96. 

(b) Hydrosilation of I-Hexyne with Methyldichlorosi1ane.- 
To a mixture of 14.8 g (0.18 mol) of freshly distilled 1-hexyne 
(Farchan), 40 pl of chloroplatinic acid solution, and 2 ml of dry 
benzene was added 17.3 g (0.15 mol) of MeSiHClz dropwise during 
1.5 hr. An exothermic reaction commenced within 30 min. 
The reaction mixture was heated a t  85' for 7.5 hr after the addi- 
tion had been completed and then was added to 220 ml of 1.58 
M methyllithium in ether (0.34 mol), slowly, with adequate 
cooling and stirring. The resulting mixture was heated a t  
reflux for 3 hr and then hydrolyzed with 200 ml of water. Frac- 
tional distillation of the dried organic phase gave 17.86 g (80%) 
of the monoaddition product [bp 4848.5' (13 mm), nZ6D 1.4248; 
lit.24 bp 60" (20 mm), nZoD 1.42601. 

Anal. Calcd for CaH&i: C, 69.14; H, 12.89. Found: C, 
69.28; H, 12.79. 

Glpc analysis of this product using three different columns 
(Dow Corning DC 200 silicone fluid a t  100°, Carbowax 20M a t  
loo", General Electric Co. X F  1112 a t  120') suggested that only 
one component was present. The nmr spectrum, however, in- 
dicated the presence of a mixture, showing two different MesSi 
resonances a t  6 0.12 and 0.16 ppm in area ratio 70:30. Signals 
a t  6 5.59 and 5.34 characteristic of =CH2 protons indicate that 
the component present in lesser amount is 2-trimethylsilyl-l- 
hexene, MeaSi(n-C4Ho)C=CHz. 

Insertion Reactions of Phenyl(bromodichloromethy1)mercury- 
Derived Dichlorocarbenene. General Procedure.-A three- 
necked flask of appropriate volume equipped with a reflux con- 
denser topped with an inert gas inlet tube, a magnetic stirring unit, 
and a thermometer was charged with the mercurial, the substrate, 
and, in some cases, benzene solvent. The mixture was stirred 
and heated at  reflux in an oil bath maintained at  85-90', generally 
for 2.5-3 hr. Initially, the mercurial dissolved as the reaction 
mixture was heated, and a short time thereafter phenylmercuric 
bromide began to precipitate. Upon completion of the reaction, 
the mixture was filtered to remove phenylmercuric bromide 
(usually formed in above 90% yield). The filtrate was trap-to- 
trap distilled under vacuum (0.05-0.1 mm) into a receiver cooled 
to -78". Glpc analysis of the filtrate usually followed, but, when 
reactions were carried out on a larger scale, the products were 
isolated by fractional distillation in vacuum. 

Reaction of PhHgCClzBr with Cyclohexane .-Thermolysis of 
88 g (0.2 mol) of the mercurial was carried out in 275 ml of cyclo- 
hexane which was distilled directly into the reaction flask from 
potassium under argon. Glpc analysis of the trap-to-trap 
distillate showed the presence of three major components: tetra- 
chloroethylene (26%), cyclohexyl bromide (22%), and (dichloro- 
methy1)cyclohexane (32%) (n-butyrophenone internal standard). 
The first two products were identified by comparison of their 
glpc retention times and their ir spectra with those of authentic 
samples. (Dichloromethyl)cyclohexane, ~ Z E D  1.4835, showed the 
following absorptions in its infrared spectrum: 2939 S, 2860 8 ,  

1450 s, 1365 m, 1331 w, 1308 m, 1298 m, 1254 m, 1238 s, 1218 
s, 1175 w, 1140 w, 1090 m, 1080 m, 1062 m, 1040 m, 963 8, 927 
w, 920 w, 896 m, 885 m, 788 m, 740 s, and 676 s cm-l. Its nmr 
spectrum showed the following resonances: 6 5.60 (1 H, -CClzH) 
d (J = 4.0 Hz), multiplet (11 H )  containing two broad resonances 
a t  1.87 and 1.25 ppm. 

Anal. Calcd for C,&zClZ: C, 50.31; H, 7.24; C1, 42.44. 
Found: C, 50.03, 50.31; H, 7.23, 7.47; C1, 42.29. 

The isolated phenylmercuric bromide (77%) was gray in color, 
which suggests the formation of a minor amount of elemental 
mercury. 

A similar reaction carried out with phenyl(trichloromethy1)- 
mercury (5 days a t  reflux) gave tetrachloroethylene, cyclohexyl 
chloride, and (dichloromethy1)cyclohexane in yields of 10, 4, and 
IS%, respectively. 

Reaction of PhHgCClzBr with Methylcyc1ohexane.-A solution 
containing 4.45 g (10.2 mmol) of the mercurial, 2.91 g (32.8 
mmol) of methylcyclohexane, and 15 ml of dry benzene under 
nitrogen was used. The filtrate was trap-to-trap distilled under 
vacuum and then fractionally distilled to give 0.27 g of distillate 
a t  90-95' (5 mm). Glpc (GeneralElectric Co. X F  1150) showed 
that the latter contained a single component; the yield was 14.6%. 
An analytical sample was isolated by glpc. 

Anal. Calcd for C8HirClZ: 'C, 53.02; H, 7.79; C1, 39.15. 
Found: C, 53.20; 13, 7.80; C1, 39.31. 

The nmr spectrum confirmed that the product was l-methyl-l- 
(dichloromethy1)cyclohexane: the -CClzH resonance appeared 
as a singlet a t  6 5.54 ppm, and the ring protons and the CHs 
protons were seen as a broad resonance from 0.7 to 1.6 ppm. 
The nz6D was 1.4876. 

Reaction of PhHgCClzBr with 2-Methylhexme.-A mixture 
of 6.60 g (15 mmol) of the mercurial and 4.50 g (45 mmol) of 2- 
methylhexane (Chemical Samples Co.) was used. Fractional 
distillation of the filtrate gave 1.47 g of 2-methylhexane and 1.06 
g of a higher boiling fraction which glpc showed to be ca. 90% 
pure. A yield determination by glpc (20y0 UC-W98 a t  120') 
established that the product, l,l-dichloro-Z,Z-dimethylhexane, 
had been formed in 31% yield. An analytical sample, n Z 6 ~  
1.4528, was isolated by glpc: nmr (in CCh) 6 5.62 (1 H, -CChH) 
s, 1.43 [6 H, -(CH2)8-] m, 1.10 [6 H, (CH3)zC-] s, 0.96 ppm (3 H, 

Anal. Calcd for CsH16Cla: C, 52.47; H, 8.81; C1, 38.72. 
Found: C, 52.53; H,  8.67; C1, 39.03. 

A reaction carried out with 10 mmol of mercurial and 30 mmol 
of the hydrocarbon in 15 ml of benzene gave this product in 20% 
yield. 

Reaction of PhHgCClzBr with 3-Methylcyc1ohexene.-A mix- 
ture of 10 mmol of the mercurial and 30 mmol of the olefin (no 
solvent) was used. The filtrate was trap-to-trap distilled in 
vacuum. Analysis of the distillate by glpc (20% Carbowax 
20M) showed the presence of two products in 8.2:l area ratio. 
The major product, n z 6 D  1.4938, was identified as 7,7-dichloro-2- 
methylnorcarane: nmr (in CClc) 6 1.21 (3 H, CHs-) d (J = 6.2 
Ha), 0.6-2.2 ppm (9 H) complex multiplet. 

Anal. Calcd for CaHl&lz: C, 53.65; €1, 6.75; C1, 39.60. 
Found: C, 53.87; H, 6.74; C1, 39.57. 

The minor product was identified as 3-methyl-3-(dichloro- 
methy1)cyclohexene: nmr (neat) 6 5.3-5.9 (2 13, -CH=CH-) 
m, 5.56 (1 HI CC12H) s, 0.8-2.2 [6 H, -(CHz)a-] m, 1-08 pprn 

Anal. Found: C, 53.37; H,  6.54. 
A yield determination (n-undecane internal standard) showed 

the yields of addition and insertion product to be 76 and 9%, 

CHaCHa-) t (J = 7 Hz). 

(3 H, CH3) S. 

respectively. 
Reaction of PhHgCClzBr with l-Trimethylsilyl-3-methyl-l- 

butene.-The olefin was contaminated with ca. 16% Z-trimethyl- 
silyl-3-methyl-1-butene. The reaction was carried out on the 
same scale using the same procedure. Glpc analysis (20% 
Carbowax 20M) of the distillate showed the presence of two major 
products (minor products due to the contaminating isomeric 
silane were not examined). 

The major product (59% yield) was trans-1,l-dichloro-Z- 
trimethylsilyl-3-isopropylcyclopropane : n z 6 ~  1.45 19; nmr (CCl4) 
6 0.9-1.4 (8 13) broad multiplet and a set of four sharp resonances, 
0.3 (1 H, Me3Si-C-H) m, 0.12 ppm (9 H, Me3Si) s .  

Anal. Calcd for CqHd212Si: C, 47.99; H, 8.06. Found: C, . .  
48.01; H, 8.00. 

The minor product (27% yield) was trans-l-trimethylsilyl-3,3- 
dimethy1-4,4-dichloro-l-butene: n z 6 ~  1.4645 ; nmr (in CCl4) 6 
6.10 (1 H, =CH cis to Mersi) d (J = 19.2 I%), 5.82 (1 H, 
=CHSiMen) d ( J  = 19.2 Hz), 5.56 (1 H, CClzH) s, 1.24 [6 H, 
(CH3)aCJ s,-O.lO ppm (9 H,  Me&) s. 

Anal. Found: C, 48.21; H, 8.19. 
Reaction of PhHgCClzBr with 70:30 Mixture of trans-1-Tri- 

methylsilyl-1-hexene and 2-Trimethylsilyl-1-hexene.-The re- 
action was carried out on the same scale using the same procedure. 
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Glpc analysis (2091, Carbowax 20M) showed the presence of two 
products in 4 : l  ratio based on glpc peak areas. The total yield 
was 75 % . 

The major product was trans-1 ,l-dichloro-2-trimethylsilyl-3-n- 
butylcyclopropane: nmr (in CClr) S 1.8-0.8 (10 H),  two broad 
resonances, 0.24 (1 H, MerSiCH) m, 0.16 ppm (9 H, MerSi) s. 

Anal. Calcd for C10H20C12Si: C, 50.20; H, 8.43; C1, 29.63 
Found: C, 50.53; H, 8.39; C1, 29.42. 

The minor product was l,l-dichloro-2-trimethylsilyl-2-n- 
butylcyclopropane: nmr (neat) 6 2.0-0.8 (11 H )  m, 0.20 
ppm (9 H, MeaSi) s. 

Anal. Found: C, 50.04; H, 8.22; C1, 29.37. 
Reaction of PhHgCCizBr with Ethylbenzene.-A mixture of 

44.0 g (0.1 mol) of the mercurial in 150 ml of freshly distilled 
ethylbenzene was used. Glpc analysis of the filtrate a t  200' 
detected only one higher boiling component. Trap-to-trap distil- 
lation a t  0.1 mm (pot temperature to 95') gave a clear distillate 
and 2.6 g of black residue. Glpc examination of the former 
showed the presence of p,p-dichloroisopropylbenzene in 35% 
yield. Fractional distillation gave 4.81 g of this product: bp 
63-65' (0.85 inm); nz6D 1.5374 (lit.13 bp 57' (0.4 mm); nZoD 
1.5351); nmr (CClr) 6 7.29 (5 H, C&) s, 5.80 (1 H, CC12H) d 
(J = 5.0 Hz), 3.39 (1 H, PhCH) octet, 1.52 ppm (3 H, CHa) d 
(J = 7.5 He). 

Anal. Calcd for CsH&12: C, 57.16; H, 5.33; C1, 37.50. 
Found: C, 57.26; H, 5.23; C1, 37.28. 

A similar experiment in which much greater care was taken to 
exclude air and in which the ethylbenzene was distilled from 
potassium benzophenone ketyl gave this product in 3770 yie!d. 
On the other hand, a reaction of 0.01 mol of the mercurial with 
0.05 mol of ethylbenzene in 75 ml of benzene at  reflux for 2 hr 
gave the expected product in only 5Y0 yield, as well as tetra- 
chloroethylene in 4.4y0 yield. 

Reaction of PhHgCC12Br with Cumene (Isopropylbenzene).-A 
suspension of the mercurial (0.2 mol) in 300 ml of cumene under 
argon was used. Color changes from light yellow to dark orange 
occurred. Filtration gave phenylmercuric bromide in 9670 
yield. Trap-to-trap distillation of the filtrate in two fractions, 
(at 0.5 mm, 35'; and a t  0.005 mm, 85') was followed by glpc 
analysis of the latter (n-butyrophenone internal standard). 
It was found that p,p-dichloro-t-butylbenzene was present in 58% 
yield. Also present were tetrachloroethylene (470) and 1 , l -  
dichloro-2-methyl-2-phenylcyclopropanes (2%). The distillate 

was fractionally distilled to give 18.7 g (46%) of 0,p-dichloro-t- 
butylbenzene: bp 80-84' (1.5 mm); nZ6D 1.5400 (lit.la bp 68-70' 
(3 mm), n z o ~  1.5400); nmr (in CClr) S 7.38 (5 H, CeH5) s, 5.98 
(1 H, CCLH) s, 1.53 ppm [6 H, C(CHI)Z] s. 

A similar experiment carried out a t  70' for 2 hr gave the inser- 
tion product in 54% yield. 

Reaction of PhHgGBrr with Ethylbenzene.-A mixture of 52.95 
g (0.1 mol) of the mercurial and 175 ml of ethylbenzene was used. 
By cooling the dark orange filtrate, the precipitation of 7.8 g of 
brown solid could be effected. Solvent was removed from the 
filtrate a t  0.1 mm and short-path distillation of the residue a t  
0.07 mm gave 3.15 g of a viscous liquid containing a small 
amount of white solid; the maximum pot temperature was 140'. 
Glpc analysis of the distillate (25% SE-30, short column) showed 
that 0,p-dibromoisopropylbenzene (6.5Y0 yield) was present. 
A pure sample, n z 6 ~  1.5867, was collected by glpc: nmr (in 
CCl,) 6 7.34 (5 H, CaH6) d, 5.88 (1 H, CBrpH) d ( J  = 4.5 Hz), 
3.52 (1 H, PhCH) m, 1.60 ppm (3 H, CHI) d ( J  = 7.0 Hz). 

Anal. Calcd for C8H10Br2: C, 38.87; H, 3.62; Br, 57.49. 
Found: C, 39.05; H, 3.71; Br, 57.54. 
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The known insertion of dichlorocarbene into C-H bonds 01 to the oxygen atom in ethers has received further 
Results are reported for 13 

For C-H bonds LY to ether oxygen, the relative reactivity toward CClz was found to be tertiary > secon- 
In over half of the examples cited the insertion prod- 
diethyl ether, di-n-propyl ether, isopropyl methyl 

study using phenyl(bromodichloromethy1)mercury as the dichlorocarbene source. 
ethers. 
dary, and no insertion was observed at  OCHa C-H linkages. 
uct yields were in the preparatively useful range (>40%): 
ether, benzyl methyl ether, tetrahydrofuran, 2-methyltetrahydrofuran, and 2,5-dimethyltetrahydrofuran. 

The insertion of a carbene, CH2 itself, into a C-H 
bond of an ether was reported first by Meerwein and 

CHJ,, uv 
CH3CH20CH2CH3 

CzH50CHZCHzCH3 + CZHjOCH(CH3)z (1) 
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