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when the substituent is an electron-releasing group. This 
suggests that  the rate-determining step is the departure of 
the phenol (step 5 ) .  since a better leaving groups departs 
quicker. If the rate-determining step were the nucleophilic 
attack of the carbonyl oxygen on the mercurinium ion 
(step 2 ) ,  the velocity of the reaction would decrease when 
the substituent is an electron-attracting group and in- 
crease when the substituent is an electron-releasing group. 
The experimental observations do not support the latter 
statement. 

With the phenyl allyl para-substituted phenylacetates 
esters the presence of electron-withdrawing groups in the 
para position of the phenyl ring decreases the rate of the 
reaction while the presence of electron-donating groups a t  
the same position causes an increase in the reaction rate. 
In these esters the leaving group remains the same. but 

step 2 is shifted to the right by the increase in the elec- 
tron density of the carbonyl group. This further supports 
the postulate that  the rate-determining step for the chlo- 
romercuriolactonization reaction is the loss of the substi- 
tuted phenol. 

R e g i s t r y  No.-HgClz. 7487-94-7; pheny l  al lyldiphenylacetate, 
51231-12-0. 
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T h e  ion izat ion o f  I -pheny le thy l  ch lor ide in anhydrous acetone is ef f ic ient ly  p romoted  b y  HgClz a n d  CoClz. 
T h e  reactions measured by loss of op t i ca l  ac t i v i t y  a n d  rad iochlor ine exchange prov ide results w h i c h  are consis- 
t e n t  wi th the  i n te rven t ion  of i on -pa i r  intermediates. In the  case w i t h  HgClz t he  k inet ics  are compl icated a n d  
are consistent w i t h  the  presence of two molecules of HgC12. 

In the previous papers of this series we described the 
HgClz-promoted reactions of fairly reactive alkyl chlorides 
which ionized to form cations with intermediate stability 
such as the benzhydryl38 and the norbornyl3b.c cations. In 
these cases, the reactions are well behaved, showing a 
clean first-order dependence on the HgClz concentration, 
and the importance of ion-pair intermediates was 
stressed. It seemed appropriate to extend this study to 
alkyl chlorides whose ionization reactions are more en- 
dothermic and where the cation is relatively less stable, 

especially since previous reports on studies with com- 
pounds of this type bring out the fact that  the kinetic de- 
pendence of the reaction on HgClz is c ~ m p l i c a t e d . ~ - ~  
Thus, the hydrolysis and accompanying loss of optical ac- 
tivity of 1-phenylethyl chloride in aqueous acetone shows 
complicated kinetics and the two reactions are reported to 
proceed cia different reaction pathways.5 We now wish to 
present the results of a study on the CoClz-promoted and 
HgClz-promoted reactions of 1-phenylethyl chloride 
(RC1). 
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Table I 
Summary of h Values for 1-Phenylethyl Chlorideu in Acetone Containing CoC12 at 50.0' 

- 104 k ,  M-I sec-I----- 7 106 k ,  see-1 

[COCI~],  102 M k a  k e  k a  k e  

0.853 31 .7  37 .2  
0.900 21.1 f 2 .0  23.5 
1.003 37.2 + 0 . 4  37.2 
1.160 28.1 f 1 . 4  24 .3  
1.640 37.2 i 3 . 4  23.1 
2,002 54 .9  f 0 .9  27.5 
2.098 82 .8  Z!Z 0 . 6  39.5 
3.556 131 37 .1  

Av 37.8 f 0 . 8  24.6 f 1 . 4  
&/he = 1.54  i 0.09  

a Ca. 0.09 and 0.01 M RC1 used for ha and 112, measurements, respectively. 

Table I1 
Summary of h Values for 1-Phenylethyl Chloridea in Acetone 

Temp, IHgClzl, -105 k ,  sec-1 

"C [HzOI, M 102 M k a  k e  k t  kre.c/ke 

50.0 0.204 0.788 f 0.014 
50.0 0.530 2.66 f 0.27  
50.0 1.00 8 .23  f 0 . 4  5.60 i 0.35 1.47 
50.0 1 .00  8.  20b 
50.0 5.00 54 .3  f 1 . 2  47.2 f 2.2  1.15 
50.0 10 .1  153 k 4 129 z!= 3 1 .19  
50.0 10 .0  134* 
50 .0  2.22 2.50 42.3 f 1 . 7  20 .3  f 0 . 3  10.6 f 1 . 2  1 .56  

50.0 2.22 5 .00  104 + 9 41.5 f 1 . 5  39.7 f 3 . 1  1 .54  

25.0 2.22 120.0 -2. 5d -950d 
20. o c  2.78 30 .0  95 .0  f 5 . 1  90.1 zt 2.2  
20. o c  2.78 120.0 1050 f 30 

a [RCl] was 0.02-0.1 M for exchange runs and 0.1-0.3 M for polarimetric runs. * Calculated from Satchell's data (ref 4). 
Good values are difficult to  measure at these experimental 

(hrac).31. 7 

( h a c )  64 .3  

905 31 40 

c Recalculated values using the data of Read and Taylor (ref 5). 
conditions. 

Results 

Cobaltous Chloride. Optically active 1-phenylethyl 
chloride was prepared from the resolved carbinol with 
thionyl chloride. The prepared solution in acetone was 
placed in an all-glass 1-dm cell thermostated at 50.0", and 
the rate of loss of optical activity was measured using a 
Perkin-Elmer polarimeter, Model 141. 

d-RC1 - dl-RC1 
d-RCl - dl-ROH h ,  (1) 

The infinity readings were ea. zero rotation but difficult 
to read because of the yellow color which developed dur- 
ing the reaction. The data were treated using a first-order 
rate expression where ao, at, and a ,  are the polarimetric 
readings initially, a t  time t ,  and at  t m ,  respectively. 

2.303 cyo - cy, 
k ,  = -log ___ 

t 01, - 
In those runs with CoCl2 the integrated first-order rate 

constants, h,, were well behaved up to 60% reaction. 
These h values are summarized in Table I. The k, values 
seem to be linearly depended on [CoC12] in the concentra- 
tion range studied, providing a second-order rate constant 
equal to 37.8 f 0.8 X sec-l. 

The rates of chlorine exchange between RC1 and ra- 
diochlorine-labeled CoCl2 were sampled up to 40-45% 
reaction using the sealed ampoule technique. In anhy- 
drous acetone, the exchange proceeds to completion, 
where a t  8 reaction half-lives the distribution of radiochlo- 
ride between RC1 and CoCl2 is 98% of the calculated 
amount. 

The exchange reactions showed good second-order ki- 
netics. The integrated second-order rate constants were 

calculated using eq 3,3c where y is the fraction of radioac- 
tivity measured in the organic layer a t  time t .  The 
pseudo-first-order rate constants are given by the product 
of kze and the salt concentration (eq 4) .  The k, values 
seem to be linearly related to the CoCl2 concentration and 
are significantly lower than the corresponding k ,  values. 
The second-order exchange rate constant has a value of 
24.6 & 1.4 x M-I sec-I. These values are summa- 
rized in Table I. 

2.303 [RCl] + 2[CoCl,]] 

13) 
k ,  = k2,2[CoC12] (4 )  

Mercuric Chloride. The racemization of 1-phenylethyl 
chloride in anhydrous acetone containing HgC12 was fol- 
lowed as described above. These reactions are considera- 
bly slower than with CoC12 and the k ,  values showed a 
slight downward drift during a run where the initial k 
values are decreased by ca. 5% a t  30% reaction. This de- 
crease is most likely due to the slow decomposition of 1- 
phenylethyl chloride under the reaction conditions to pro- 
duce styrene and HC1, which renders HgC12 inactive. The 
amount of decomposition a t  50% racemization is ca. 1.3% 
with 0.1 M HgC12. Thus, only the initial k values, i .e. ,  up 
to  ea. 15% reaction, are listed in Table I1 for comparison 
with the other k values. 

The k,,, values do not plot linearly with [HgClz] but 
instead the slope increases with increasing HgCl2 concen- 
tration as reported by Satchell.4 These values are fit to 
within 3% by eq 5 ,  which shows the sum of two kinetic 
terms, one first order in HgCl2 and the other second order 
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in HgC12. This equation was obtained by a series of suc- 
cessive approximations. For the purpose of comparing our 
results with Satchell's, kj-ac values for 1-phenylethyl chlo- 
ride with HgC12 a t  50.0" were calculated using the values 
a t  25.0" published by S a t ~ h e l l . ~ ~  The calculations were 
made using AH* values equal to 15.7 and 16.9 kcal for the 
second-order and third-order terms, respectively, obtained 
from the reaction of 1-phenylethyl chloride with HgBr2. 
The resulting kinetic expression at  50" calculated from 
Satchell's values is given in eq 6, which provides k,,, 
values equal to 8.2 X and 134 x 10-6 sec-1 at 0.01 
and 0.05 M HgC12, respectively. These values agree well 
with our results and are listed in Table 11. 
k,,,(sec-l) = 7.4 X lO-'[HgCl,] + 78 x 10-4[HgC12]2 (5) 

hraC(sec-l) = 7.6 X 10-4[HgC12] + 58 X 10-4[HgC12]2 (6) 
~,(wc-') = 4.9 X 10-'[HgC12] + 78 X 10-4[HgC12]2 ( 7 )  
The polarimetric rates measured with HgCl2 in acetone 

containing 2.22 M H2O were again treated using first- 
order kinetics. In this case, the k ,  values show a very dra- 
matic drift due to the solvolytic reaction. Thus only the 
initial k values (up to 10% reaction) are included in the 
summary in Table 11. The effect of adding 2.22 M H20 to 
the reaction solution is to increase k,, while the nonlinear 
dependence on [HgC12] still prevails. 

The rates of radiochlorine exchange between RC1 and 
HgC12*, followed as described above, were sampled up to 
70 and 80% reaction. In anhydrous acetone, the exchange 
proceeds to near completion, where at  6 reaction half-lives 
the distribution of radiochlorine between RC1 and HgClz 
is 96.5% of the calculated amount. The integrated second- 
order rate constants calculated as above were constant 
within a run. The k ,  values are significantly lower than 
the corresponding k ,  values and the differences vary with 
the HgC12 concentration. As in the racemization reaction, 
the k ,  values do not plot linearly with [HgClz] but again 
deviate upward from linearity with increasing HgClz con- 
centration. These values can be fit to within 3% by the 
two-term expression given in eq 7. 

The exchange rate constants for the reactions measured 
in the presence of 2.22 M H2O were calculated using eq 8, 
where the value of a t  time t calculated using the 
measured k t .  Inspection of Table I1 brings out the fact 
that, in contrast to the reaction in anhydrous acetone, the 
k ,  values are now linearly related to [HgC12]. 

h e  

2 [HgCl,] 
~- - 

[RCl] + 2[HgC12] 
[RCl]e-htt 

2.303 
([RCl] + 2[HgC12])tlog 

The rate of solvolysis of 1-phenylethyl chloride in ace- 
tone containing 2.22 M H2O and HgClz was followed by 
titrating the produced HC1 with sodium methoxide to a 
Bromophenol Blue end point. The reaction followed good 
second-order kinetics and proceeded to 97% completion. 
The pseudo first-order kt values given by the product of 
the second-order k and [HgClz] are listed in Table II. 

k, ( 9 )  RCl + H?O + HgCl, -+ ROH + Hf + HgC1,- 

Discussion 
In considering the reactions of 1-phenylethyl chloride 

promoted by CoCl2 and by HgCl2 in acetone at  50" the 
reaction in the absence of salt is neglected, since even in 
CH3N02 a t  100" k ,  is only 1.2 x 10-5 ~ e c - ~ . 7  The CoC12- 
promoted ionization reaction of 1-phenylethyl chloride in 
anhydrous acetone at  50.0" is reminiscent of the HgC12- 
promoted reactions of p-chlorobenzhydryl chloride in the 

Scheme I 
k 

RCl + CoC1, (acetone)2 RC1CoC12 (acetone) 

J CH,L ci* 
I 

dZ-RCl* (10) 

Table I11 
Comparison of Racemization and Exchange 

Rate Constants for 1-Phenylethyl Chloride in 
Acetone at 50.0" 

Per cent 

M k k n c  ke kroolke reaction 
[HgClzI, -----lo8 k ,  sec -I---- of 

8 . 2 3  5 . 6 0  1 . 4 7  
0.01 Monomer ' 7 . 4  4 . 9  1 . 5 1  90 

0 . 8 3  0 . 5  ( 1 . 2 )  10 

49 1 . 5 1  48 
O.' \Dimer 79 80 0.99 52 

/Observed 
(Dimer 
(Observed 153 129 1.19 
Monomer 74 

same solvent.3a Thus CoCl2 efficiently promotes the ion- 
ization reaction and is ca. 4-5 times a better catalyst than 
HgClz at  0.01 M salt concentration in anhydrous acetone. 
The promoted reaction shows a linear dependence on 
CoCl2 concentration where the racemization and exchange 
reactions differ in the ratio k, , , /k ,  = 1.54 f 0.09. As in 
the case with HgC12, racemization and exchange in the 
promoted reaction proceed via ion pairs, R+//CoC13-, like 
I, which do not exchange the anion with the other CoC12 
present in solution and which will equilibrate the two 
faces of the cation when and only when the three chlorine 
atoms on cobalt become equivalent. Therefore the proba- 
bility of incorporating radiochlorine into the regenerated 
RC1 is 2h as given by the constitution of the chlorine 
atoms on the anion. 

The solution of CoC12 in anhydrous acetone is blue, 
suggesting the tetrahedral arrangement of two chlorine 
atoms and two acetone molecules around the cobalt atom. 
Thus, the overall reaction must involve a rapid and re- 
versible displacement of acetone on cobalt by RC1 fol- 
lowed by the rate-determining ionization of the RC1 com- 
plex to give an intermediate like I which generates race- 
mic RC1 (Scheme I). 

In the reactions with HgC12, both kra ,  and k e  deviate 
upwardly from linearity with increasing HgCl2 concentra- 
tion. The k ,  values are greater than the he values where 
the k, , , /k ,  ratio decreases from 1.47 at  0.01 M HgC12 to 
1.19 a t  0.1 M HgC12. The ratio of 1.47 at  the lower HgCl2 
concentration approximates the 3:2 ratio observed pre- 
v i o ~ s l y , ~ *  suggesting a similarity in the nature of the ion 
pairs which give rise to racemization and exchange in the 
two systems. The ratio a t  the higher concentration is more 
difficult to interpret; however, if a kinetic dissection of 
the overall reaction is interpreted as the presence of two 
discrete reactions5 which proceed independently, one 
being the reaction promoted by monomeric HgC12 (k2) 

and the other a reaction involving two molecules of HgClz 
( k 3 ) ,  then the data will be easier to understand. 

From such a dissection one calculates with the aid of 
eq 5 that  a t  0.1 M HgC12 the ionization of 1-phenylethyl 
chloride occurs ca. 48% with monomeric HgC12, where the 
k,,,/k, ratio is 1.5 (Table 111). Thus, racemization and ex- 
change proceed via intermediates like I which do not dis- 
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sociate and do not exchange with the rest of the HgC12 
mesent in solution. 

Q 
( d l )  &HC1* (11) 

CH3 
I 

The remaining 52% of the reaction is promoted by 
HgClz involving two molecules where the k, , , /k ,  ratio is 
1. In this reaction the rates of racemization and exchange 
are equal. Efficient ion-pair dissociation in the reaction 
with the dimeric form of HgClz will make the rates of ra- 
cemization and exchange equal. Chemical capture of the 
ion pair I1 (Scheme 11) by HgClz will permit the chlorine 
atoms originally from RC1 to become randomized with the 
total inorganic chloride pool (eq 12) before the ions re- 
combine to regenerate racemic RC1. In line with this ex- 
planation is the expectation that an ion like 
(HgC13HgCl~)- in the ion pair I1 will be more susceptible 
to dissociation and exchange than the anion in an ion pair 
like I. Therefore, at 0.1 M HgC12 the racemization in ex- 
cess of exchange observed in the overall reaction appears 
to be wholly accountable by the reaction with monomeric 
HgC12. 

This kinetic behavior is in sharp contrast to that  ob- 
served with the less endothermic benzhydryl chloride sys- 
tem, where k ,  is linear in [HgClz] up to 0.15 M .  In the 
present case the termolecular term contributes 10% of the 
overall reaction already a t  0.01 M HgClz. 

This reaction was further studied in wet acetone, since 
the presence of a nucleophile such as water which can 
yield a chemical product will further test this theory on 
the relative susceptibilities of the two intermediates 
toward chemical capture. The presence of 2.22 M Hz0 
causes a small rate increase in the overall reaction. In 
considering our data no correction is made for the unpro- 
moted reaction, since its contribution is small, where the 
value of ht is ca. 1 x 10-6 S ~ C - ~ . ~ , ~  At 0.05 M HgC12, the 
k t / k , ,  ratio indicates that  ca. 35% of the reaction interme- 
diates give rise to product (f = 0.35) and ca. 65% return to 
regenerate RC1. The intermediates that  return to RCl 
must have the same constitution as I and must involve 
the reaction with monomeric HgC12, since k,, ,  and h e  are 
linear in [HgClz] and the k,, , /he ratio is 3:2 (1.50 f 0.04). 
See Table 11. 

While it is not clear how product is formed, one may 
expect by analogy with the benzhydryl system that those 
intermediates that  dissociate will collapse to give product 
almost excl~sively.~a Therefore, return to RC1 from inter- 
mediates like I1 is effectively eliminated owing to efficient 
chemical capture of the intermediates by HzO (eq 12). It 
seems consistent that  the racemization process, loss of op- 
tical activity in excess of that which occurs via ion pair 
dissociation as measured either by exchange (anhydrous 
acetone) or solvolysis (wet acetone), involves the reaction 
with monomeric HgC12 to produce an ion pair like I. The 
role of the second molecule of HgClz is depicted by Sat-  
chell as one of specific solvation rather than promotion of 
the ionization reaction by incipient dimer f ~ r m a t i o n . ~  

Thus, while in the HgClz-promoted reactions of p-chlo- 
robenzhydryl chloride, dissociation of the intermediates 

J. Org. Chem., Vol. 39, No.13, 1974 1923 

Scheme I1 

I HgCL 
( d l )  H-C-CI + HgC1, e 

I 
CH, 

( d l )  9 CH', 

I 
CH, 

C1-Hg 

I1 
/,HgCI,* 

C1" - 

c1* 
CH, I1 

w e t  "'y:;::;: 1 acetone 

9 ( d l )  9 CHOH 
( d l )  CHC1* 

I 
CH, 

was increased by solvent with 1-phenylethyl 
chloride in anhydrous acetone, dissociation is increased by 
specific solvation of the HgC13- anion of the ion pair by a 
second molecule of HgC12. 

While we do not intend to extend this study to higher 
HgC12 concentrations, it seems informative to discuss a t  
this time the results of Read and Tay10r.~ These authors 
measured the rates of loss of optical activity and solvolysis 
of 1-phenylethyl chloride in acetone containing 2.78 M 
HzO at  20". Rate constants were calculated using their ex- 
perimental data and are listed in Table 11. The kt values 
are more appropriately calculated using the second-order 
rate expression. Only the ht values for the first 2540% 
reaction are considered since at  longer reaction times the 
k values drift down, probably owing to drastic changes in 
the reaction media arising from the relative low HzO/ 
HgClz concentration ratio. Some of the drift may be due 
to common-ion rate depression.1° The polarimetric runs 
were calculated using eq 2 and omitting the initial extrap- 
olated polarimetic readings. In contrast to the h values 
calculated by the original authors, the run shows good 
pseudo-first-order k values with no apparent drift. 

The results a t  these high HgClz concentrations should 
be readily explicable based on the above discussion. Thus 
the reaction should proceed mostly uia intermediates like 
I1 which are dissociated and primarily racemic. Accord- 
ingly, product formation at 0.3-1.2 M HgClz is very effi- 
cient, f = 0.91-0.95, where the amount of ion pair return 
accompanying the reaction is minimal, 1 - f being ca. 
0.07. In line with this we observe very little exchange ac- 
companying the solvolysis reaction at  1.20 M HgClz where 
k,/kt equals ca. 0.003. However, racemization is not com- 
plete in the intermediates, since the final ROH product is 
slightly i n ~ e r t e d . ~  Therefore the results a t  these high 
HgC12 concentration are fit by a mechanism where race- 
mization and hydrolysis occur uia the same reaction path- 
way. This interpretation differs from the one originally 

I 
CH3 
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proposed by the authors where the mechanisms for race- 
mization and hydrolysis were considered d i ~ t i n c t . ~  

Ion-pair intermediates are also important in reactions 
promoted by SnC14. Thus, the SnClr-promoted racemiza- 
tion of optically active 1-phenylethyl chloride in CC14 
containing excess styrene was reported by Heald and Wil- 
1iams.ll Here, l-phenylethyl chloride reacts with styrene 
to form styrene dimer ca. 36 times slower than it under- 
goes racemization, where the addition of styrene has no 
apparent effect on the rate of racemization. The authors 
described the reaction as proceeding by an ionization mech- 
anism to produce a carbonium ion pair intermediate which 
regenerates racemic RCl more efficiently than i t  combines 
with styrene to form dimer. In this system, 1 - f is ca. 
0.97. 

styrene 

i 
(-)-RC1 4- SnC14 (-)-R+SnCl; - dimer 

J 1 -  f 

(racemic) RC1 + SnC1, 

Experimental  Section 
Optically active 1-phenylethyl chloride was prepared from the 

resolved carbinol12 using thionyl ch10ride.l~ The reaction mixture 
was dissolved in pentane and the pentane solution of RCl was 
washed carefully with aqueous NaHC03. The solution was dried 
over KzC03 and the pentane was evaporated at reduced pressure. 
The alkyl chloride was used as such without further purification, 
chloride analysis 99.9% C1, [a lga9  - 8.8. 

Mercuric chloride was sublimed before use. Radiolabeled mer- 
curic chloride was prepared using 0.25 N radiolabeled (36Cl) hy- 
drochloric acid as previously de~cribed.~c Reagent grade Co- 
C12.6Hz0 was dried over PzO5 in an Abderhalder drying apparatus 
at 110" (1 mm) before use. Radiolabeled cobalt(I1) chloride was 
prepared by mixing 1 g of CoClz with 0.1 ml of 0.25 N radiola- 
beled (36Cl) hydrochloric acid in 10 ml of dry methanol. The 
methanol was next removed under reduced pressure and the re- 
covered solid was dried at 110" (1 mm) for 2 days. The salt was 
neutral to Bromophenol Blue indicator in acetone. The activity of 
the sample was 2920 cpm/mg. 

The solvents were prepared as previously described.I4 

The polarimetric rate measurements were made in a thermo- 
stated 1-dm all-glass cell using a Perkin-Elmer polarimeter, 
Model 141. The wavelengths used were 589 and 436 nm for runs 
with HgClz and CoC12, respectively. 

The exchange rate measurements were carried out using a 
sealed ampoule technique as previously de~cribed.~c The separa- 
tion of organic chloride from inorganic chloride was afforded using 
pentane and water. Two-milliliter aliquots from each layer were 
delivered into 10 ml of Bray's solutioni5 and the radioactivity 
level was measured using a Beckman LSlOO Liquid Scintillation 
Counter. 

The titrimetric rate measurements were carried out using a 
sealed-ampoule technique.3c Five-milliliter aliquots were titrated 
to  the blue end point of Bromophenol Blue with 0.01095 M sodi- 
um methoxide in methanol solution. 

Registry No.-HgClz, 7487-94-7; CoC12, 7646-79-9; l-phenyl- 
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The palladium on charcoal catalyzed deuteration of s~n-(dibenzobicyclo[2.2.2]octatriene)tricarbonylchrom- 
ium ( 1 )  in dioxane gave a high yield of sylz-(dibenzobicyclo[2.2.2]octadiene)tricarbonylchromium which was 
predominantly a dz species with both of the deuteriums on the ethano bridge and anti to the tricarbonylchrom- 
ium moiety. Deuteration of 1 and uncomplexed dibenzobicyclo[2.2.2]octatriene (2)  was shown t o  go without 
rearrangement to the bicyclo[3.2.l]octane system or significant bridgehead hydrogen exchange. The predomi- 
nantly anti addition of the deuteriums to 1 appears to  be a result of the tricarbonylchromium moiety serving as 
a blocking group to  shield one face of the carbon-carbon double bond. 

Tricarbonylchromium groups complexed to benzene blocking group and thus addition occurs predominantly to 
rings have been shown to exert electronic and conforma- 
tional effects.la In this report we describe a study of an  
addition reaction to a double bond of an  arene-tricar- 
bonylchromium complex that has one of its faces shielded 
by the metal moiety. The results of this study indicate 
that the metal moiety exerts a steric effect and serves as a 

the unshielde'd face of the carbon-carbon double bond. 

Results 
syn-(Diben~obicyclo[2.2.2]octatriene)tricarbonylch~0m- 

ium (1) was prepared in moderate yield by refluxing the 


