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SUMMARY

The cyclohexyl(trihalomethyl)mercuriais, RHgCClg, RHgCCl2 Br, RHgCClBra and 
RHgCBrs (R = cyclohexyl), have been prepared and have been found to be excellent 
dihalocarbene sources. They transfer their CXj very rapidly at 80“ and within 2 -3  days at 
room temperature.

We have reported recently concerning phenyl(iododichloromethyl)mercury, which 
is an exceptionally reactive source of dichlorocarbene‘ . This reagent transfers CCI2 to a 
carbenophile within a few minutes at 80® and within 24 h at room temperature. However, 
this compound is difficult to prepare and, because of its high reactivity, has poor stability 

i p  storage, even as the solid. Phenyl(bromodichloromethyl)mercury transfers CCI2 fairly 
i midly at 80® (within 2 h), but only very slowly at room temperature (within 18 days)^. 

organomercury CCI2 transfer reagent with a reactivity intermediate between that of 
fhHgCCljI and PhHgCCljBr, one that transfers its CClj very rapidly at 80“ and within a 
few days at 25®, was considered a worthwhile objective for further research.
' An indication that such a reagent might be found within the class of the alkyl- 
(trihalomethyl)mercury compounds was provided by some interesting observations by 
Shcherbakov^. It was reported that n-Cs H7 HgCClj Br can be isolated as an unpurifiable 
^ i d  which decomposes within 2—3 days at room temperature. A three day reaction of 
®^niaterial with cyclohexene at room temperature gave 7,7-dichloronorcarane in 70%
'^Id and n-Cs H? HgBr (80%). A similar reaction carried out at 40° gave the norcarane in 

yield within a 5 h  period. N-Propyl(trichloromethyl)mercury, a liquid, also had 
^ ^ c e d  CCI2 transfer reactivity (compared to PhHgCCla), giving 7,7-dichaoronorcarane in 
^  yield after reaction with cyclohexene at 80® for 8 h. The higher toxicity of alkyl- 

*^rials {vs. aryl derivatives) makes work with the relatively volatile n-propyl compounds
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TABLE 1
A PPR O X IM A TE  R E A C T IO N  TIM ES F O R  C X , T R A N S F E R  FR O M  R H gC X ,

R  »  p h e n y l R  -  c y c lo h e x y l

ro o m  te m p . S0“ ro o m  tem p. 8tr

ca, 4 0  h 8 h
C C ljB r 18 d ay s 2 h 2 days <  10 m in
C C lB r, 16 days 2 h 3 days <  10 m in
C B r, 15 days 2 h 2 days <  10  m in

TABLE 2

R E A C T IO N S O F  C Y C LO H EX Y L  (TRIHAJLOM ETH Y L) M E R C U R IA LS

CXj in

HgCXj
o -

C C I ,

R e a c ta n t
R eaction  
co n d itio n s  ®

6 .5  n  /© O *

P ro d u c t 
(•K. y ie ld ) ' (•fayieW)'

Hgx

>02 (d2)

CCI,

CCl3

CCJjBr

CCIjBr

CC^Br

CCUBr

CClBr-

E tjS iH

c :» c :^

EtjSiH

6 min /so *

4 9  f t / 2 5 *

! 1 > C l2  ( 9 0 )  9 8

e n / 80* E tjS iC Q jH  (8 8 )  97

>Cl2 ( 9 6 )  9 5

*02  (95J

n-C,H

Qa
E t 3 S i C a jH  ( 8 0 )5 0 n  2 5

7  min (8 0
.Cl

6r

65

6 0

8 9

( 6 5 )  9 0

C C lB r, 3 d a y s /2 5 *
.Cl

Br
( 8 7 )  91

f t o  be  con tin u ed )
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m  p r e l i m i n a r y  c o m m u n i c a t i o n

ta b le  2 (continued)

CX3 in
HgCXj Reactant

caerj

CClBr,

CBr,

CBrj

CB r,

P eac tio n  
co n d itio n s  °

3days/25*

P roduc t 
y ie ld )

( ^ H , X

(<i.yieid)

.Cl
'6r

(83) 90

EtjS.H 3dOys/25* EtjSiCBrCIH (70) 90

l0rriin|80*

48h /25*

4 8 h /2 5 *

Brj (40) 90

(50)

a r ,  (34J

80

8 0

* In general, reac tio n s w ere carried  o u t  w ith  10 m m ol o f  th e  m ercu ry  reagen t and  30 m m o l o f  th e  
reactant i s  7 - 1 0  m l o f  d ry  ben zen e , w ith  stirring  u n d er n itro g e n . In room  tem p era tu re  ex p e r im e n ts  a n d  
in the 80° experim en ts w ith  c y c lo -C jH ,, H gC C I,, th e  b en zen e  so lu tion  o f  th e  reac tan ts  sim ply  w as 
i tin e d  fo r th e  s ta ted  len g th  o f  tim e. In  th e  o th e r  80” ex p e rim en ts , th e  m ercu ry  reag en t, d isso lved  in 
benzene, was a d d ed  during  3 m in  to  th e  p re h e a te d  su b s tra te  an d  th e  resulting  m ix tu re  w as h e a te d  fo r  the 
remaining p art o f  th e  s ta ted  re a c tio n  tim e.
^  D eterm ined by  GLC.
^ O btained by  f iltra tio n  o f  th e  reac tio n  m ix tu re  a f te r  i t  h a d  b een  coo led  to  5°.

uAdesiiable. Furthermore, crystalline, more readily purifieci alkyl(trihalomethyl)mercurials 
would be much more practical for synthetic applications. Accordingly, we have searched 
for alkyl(trihalomethyl)mercury compounds with these desirable properties.

We have found the cyclohexyl(trihalomethyl)mercurials to be reactive dihalo- 
carbene transfer reagents whose ready application at room temperature makes them 
particularly attractive. These mercurials, were prepared in good yield by the reaction of 
cyclohexylmercuric chloride, the appropriate haloform and potassium tert-butoxide in THI 
it -6 0  to —65*’. Their high reactivity requires a rapid work-up of the reaction mixture and 
itorage of the product at 0*. An excess of base must be avoided in these preparations or 
else pure materials cannot be isolated. These mercurials are subject to autoxidation, hence 
•hould be handled under nitrogen. All were obtained as analytically pure, crystalline solids: 

m.p. 50 -5 2 “ (Ut.“ m.p. 52-55**); cyclo-CsH.iHgCCljBr, m.p. 
dec. 85“;cyclo-C6HiiHgCClBr2, m.p. 60-63°; cyclo-C4HnHgCBr3, m.p. 53—56

Fy
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All of these organomercury reagents except the tribromomethyl compound gave 
excellent yields o f carbene'derived products on decomposition in the presence of a suitable 
carbenophile in much shorter reaction times than do the analogous p h e n y l ( t r i h a l ( M n e t h y I ) .  

mercurials (Table 1). Each cyclohexyl(trihalomethyl)mercurial was allowed to react with 
several olefins and with triethylsilane. The results of these experiments are shown in Table 2. 
Cyclohexyl(trichloromethyl)mercury is shown to be a fairly reactive CCI2 source at 80®, 
while cyclohexyl(bromodichloromethyl)mercury reacts very rapidly at 80* but still is quite 
reactive (compared to PhHgCCljBr) at room temperature. Cyclohexyl(dibromochloro- 
methyl)mercury, a CClBr source, is of comparable reactivity. Unaccountably, cyclohexyl- 
(tribromomethyl)mercury gave good yields of cyclohexyhnercuric bromide in comparable 
reaction times, but the yields of CBr^ transfer product were not good, at room temperatun 
or at 80®. The formation of a grey color during these cyclo-Cg Hj 1 HgCBr^ reactions may 
indicate an alternate mode o f decomposition which does not release dibromocarbene.

An advantage of these reagents is the relatively poor solubility of the cyclohexyl- 
mercuric halides in benzene in the concentrations used at room temperature. The cyclo* 
hexylmercuric halide yields given in Table 2 represent the material which was filtered fr«r 
the reaction mixtures after cooling to 5“. At 80°, the cyclohexylmercuric halides were 
found to  be soluble in these reaction mixtures.

These cyciohexy!(trihaiomethyl)mercury reagents should prove quite useful in 
special applications (when the carbenophile is thermally labile or low-boiling or when the 
product is not thermally stable). It is noteworthy that a relatively reactive organomercurj 

/CCI2 source can now be obtained from the commercially available and inexpensive 
' chloroform.

The acceleration of the rate of CXj extrusion from RHgCXs compounds when' 
is changed from an aryl group to an alkyl substituent very likely is related to the electrw! 
releasing properties of the latter. Transition state I has been suggested for this extrusion 
process^. While aryl substitution on mercury should facilitate nucleophilic attack at

r \’  A
R —   X or R— Hg--- C X

mercury by X, alkyl substitution should assist the heterolysis o f the mercury-carbon b 
and it appears that the latter is the more important effect.

We are investigating the potential application of the cyclohexyl-for-phenyl 
variation to som6 of our other organomercury divalent carbon transfer reagents®. 
Variations in R, the alkyl substituent on mercury, also are being examined.
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