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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, 

Exper imenta l  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 a n  
addition reaction to  a double bond of a n  arene-tricar- 
bonylchromium complex that has  one of its faces shielded 
by the  metal moiety. The  results of this study indicate 
tha t  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 
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Table  I 
Deute r ium Con ten t  of 

Dibenzobicyclo [2.2.2]octadiene Obta ined  f r o m  
Deutera t ion  of 1 followed by Decomplexation of 

the Purified Product  3" 
Deuterium 
incorpora- --Yield of deuterated species, %-- 

Rlln do dl dn tion, 5% 
~~ 

1 12.4 25.1 62.5 75.1 

3 8.2 23.2 68.6 80.2 
2 8.9 23.0 68.1 79.5 

a Determined by mass spectroscopy with correction for 
normal isotopes. 

free arene 2 with triacetonitriletricarbonylchromium in 
dioxane. Chemical analysis and the mass spectrum of 1 

tl 

2 
/criCO), tl 

1 

indicated that it contained only one tricarbonylchromium 
moiety. Oxidation of with ferric ion in 95% ethanol gave a 
high yield of 2, which shows that the arene did not rear- 
range upon complexation. The nmr spectrum of l2 con- 
firms its constitution and the stereochemistry of 1 was in- 
dicated by the conversion of 1 to  3 by the addition of hy- 
drogen to the etheno bridge. The nmr spectrum of 32 

3 
shows that the signals for the two sets of ethano hydrogen 
atoms are separated by 0.5 ppm (at  6 2.2 and 1.7). In 
order to get a shift this large, the tricarbonylchromium 
moiety must be syn to the ethano bridge.3,4 The lower 
field signal (6 2.2) was assigned to the protons syn to the 
tricarbonylchromium group, since protons which are clos- 
er to the tricarbonylchromium group are generally shifted 
d ~ w n f i e l d . ~  s 4  

Catalytic hydrogenation of 1 in dioxane over palladium 
on charcoal (Pd/C) gave 87% of 3 and 13% of the uncom- 
plexed dibenzobicyclo[2.2.2]octadiene (4) .  Yields were de- 

D2 
1- 

PdiC-dioxane 

termined by nmr analysis using bibenzyl as an internal 
standard. 

Catalytic deuteration of 1 under similar conditions fol- 
lowed by removal of decomplexed material by chromatog- 
raphy gave complex 3 which appeared, by nmr, to be 
largely dideuterated with both deuteriums on the ethano 

Table I1 
Calculated and Measured Ra Values f r o m  t h e  

Deutera t ion  of 1 

R, measuredC R, caicdb Run 

1 4.0 5 . 0  
2 4.9 7.2 
3 5.1 7.4 

a Defined as the ratio of syn bridge protons to  anti bridge 
protons of 3. b From mass spectral data. c By nmr. 

bridge anti to the metal moiety; the nmr spectrum of the 
product showed only small absorption a t  6 1.7 (anti pro- 
tons) and a board singlet at 6 2.2 (syn protons).2 

Quantitative determination of the ratio of syn to anti 
addition of deuterium was difficult for two reasons. First, 
a small amount of impurities in the complexed product of 
deuteration made integration of the signal due to the anti 
protons impossible. Therefore, the chromium was oxida- 
tively removed from deuterated 3 and the amount of 
bridge protons relative to bridgehead protons of 4 was de- 
termined by nmr. The amount of anti photons of deuter- 
ated 3 was obtained by measuring the amount of syn pro- 
tons to bridgehead protons of deuterated 3 and substract- 
ing this number from the total bridge protons determined 
from the nmr spectrum of deuterated 4. 

The second reason that it was difficult to determine the 
ratio of syn to anti addition was that the deuterated prod- 
uct was not entirely the dz species, since some protons 
were also added to 1. In Table I are presented the 
amounts of the do, d l ,  and dz species determined from the 
mass spectra of three runs of decomplexed deuterated 3. 
No species greater than dz were observed. From the data 
in Table I it is seen that only 7540% deuterium was 
added. Evidently this reflects a large isotope effect5 on 
the catalytic addition of hydrogen and deuterium, since 
the deuterium gas used was relatively pure and there was 
no other definite source of hydrogen, although traces of 
water or some hydrogen-deuterium exchange with solvent 
molecules could have increased the amount of hydrogen 
available. If it is assumed that no syn addition occurs, 
then the ratio of syn to anti bridge protons, R, is given by 
eq 1. In Table I1 are presented for three runs the R values 

(1) 

calculated from the mass spectral data and those deter- 
mined from the nmr data. It is seen from these values 
that the observed values are actually higher than the cal- 
culated ones. Since the calculated values are maximum 
ones (because 100% anti addition was assumed), the larg- 
er measured values must reflect errors in the nmr mea- 
surements. The nmr measurements could easily be in 
error by 5% and if the integral of the signal for the syn 
protons is increased by 5% and that for anti protons is de- 
creased by 5%, the R values for the three runs become 3.1, 
3.8, and 4.9, respectively. These values are now below the 
calculated values but can be accounted for by only 1-8% 
syn addition. 

In conclusion, then, we feel that  our data clearly indi- 
cate that  the addition of deuterium occurs mainly and 
possibly exclusively to the face of the carbon-carbon dou- 
ble bond which is anti to the tricarbonylchromium group. 

For the sake of comparison, dibenzobicyclo[2.2.2]octa- 
triene (2) was also deuterated under identical conditions. 
As shown in Table 111, the distribution and per cent incor- 
poration of deuterium compare favorably with the results 
obtained from the deuteration of complex 1. Small 
amounts of d3 and d4 species were observed from the deu- 
teration of 2 but not from the deuteration of complex 1. 

syn H 2(%d, + $dl + %dZ) 
anti  H - = Z(%d,) + l($d!) 
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Table I11 
Deuterium Content of 

Dibenzobicyclo 12.2.2 Ioctadiene Obtained from 
Deuteration of 2a 

Deuterium 
incorpora- -----y' leld of deuterated species, yo---- 

Run do di d2 d3 da tion, 

1 1 6 . 7  1 7 . 8  62 .2  2 . 9  0 . 4  7 6 . 3  
2 15.8 20 .1  5 8 . 7  4 . 7  0 . 7  77 .3  

a See Table I, footnote a.  

Table IV 
Nmr Data of Deuterated 

Dibenzobicyclo [2.2.2]octadiene Obtained from 
Deuteration of 1 and 2 

c------Number of protons---------. 
Run Aromatica Bridgehead Bridge 

l b  8 00 1 . 9 6  2 . 5 4  
2b 8.00 1 .97  2.44 
3 b  8 .00  2 . 0 1  2 .39  

1 C  8.00  1 . 9 8  2 . 4 9  
2c 8.00 1 . 9 1  2 . 5 4  

a Integration of the aromatic region was set equal t o  
8 .00  protons. b Obtained from deuteration of 1 followed by  
decomplexation of 3. Obtained from deuteration of 2. 

This suggests t h a t  a small amount of bridgehead exchange 
occurs with 2 but not with 1.  

The nmr data of deuterated 4 obtained from deutera- 
tion of 1-decomplexation of 3-and deuteration of 2 are 
given in Table IV. These data indicate tha t  the  two routes 
are identical. The average value for the bridgehead pro- 
tons obtained from 2 are slightly lower, as  they should be 
if bridgehead exchange occurred, but  within the range 
given by the error associated with measurement of an nmr 
integral. 

The  inflated number of bridge protons for each run 
given in Table IV is consistent with deuterium incorpora- 
tion as  determined from the mass spectra. 

Discussion 
There are three main results from this deuteration 

study. First, catalytic addition of hydrogen to  the  diben- 
zobicyclo[2.2.2]octatriene ring system, whether complexed 
or uncomplexed, was unaccompanied by rearrangement t o  
the bicyclo[3.2.l]octane system. Second, no significant 
amount of bridgehead hydrogen exchanged occurred dur-  
ing the  deuteration of either the complexed or uncom- 
plexed arene. Third, the tricarbonylchromium group ef- 
fectively shielded one face of the carbon-carbon double 
bond and resulted primarily in addition of deuterium 
from the  other face of the double bond (anti addition). 

The  propensity of dibenzo[2.2.2]octatriene for rear- 
rangement accompanying ionic addition6 as  well as free- 
radical addition7 to  the  double bond is well known. The 
lack of rearrangement during the catalytic reductionE in- 
dicates that nothing special occurs with this system and 
the normal Horiuti-Polanyi mechanismlo can be invoked. 

The  lack of any significant amount of bridgehead hy- 
drogen exchange is consistent with the mechanisms gener- 
ally accepted for hydrogen-deuterium exchange reactions 
for 01efins.l~-13 Catalytic deuteration of the bicyclo- 
[2.2.l]heptene system has also been shown to go without 
exchange of bridgehead hydrogen atoms.14 

A drawing of complex 1 was constructed from a Dreid- 
ing model of the uncomplexed arene 2 and the bond 
lengths and angles obtained from an X-ray diffraction 
study of (benzene)tricarbonylchromium.15 Recently Mills 
reinterpreted the  X-ray crystallographic da ta  of several 
ortho-disubstituted complexed rings and concluded that 

the complexed rings are folded slightly (4" for six-mem- 
bered rings) such that the two substituted ring carbon 
atoms are further away from the chromium than  the  other 
four ring atoms.16 With or without the folding it is clear 
from our drawing that the tricarbonylchromium group 
shields one face of the carbon-carbon double bond; the 
distances between the midpoint of the etheno bridge and 
the carbonyl oxygen, the carbonyl carbon, and the chro- 
mium atoms are ca. 2 . 5 ,  2.5, and 3.5 A, respectively (with 
the carbonyl group at its closest distance t o  the etheno 
bridge). The fact that the addition of the  deuterium to 
complex 1 is predominantly ant i  indicates that the tricar- 
bonylchromium moiety serves simply as  a blocking group. 
Its presence prevents the catalyst from complexing with 
the syn face of the double bond. 

Use of the tricarbonylchromium group as a blocking 
group could serve not only to  force the stereoselectivity of 
a cis addition, but it is conceivable that it could force a n  
addition reaction which is normally trans to  become cis. 

Experimental Section 
Most equipment, materials, and methods have been previously 

descrihed.la 
Dibenzobicyclo[2.2.2]octatriene (9,10-etheno-9,10-dihydroan- 

thracene, 2 )  was prepared by the procedure of Cristol and Lim:l7 
mp 118-120" (lit.17 mp 119-120"); nmr (CDC13) 6 7.24 (m, 4) .  6.98 
(m, 2, -CH=CH-), 6.88 (m, 4), and 5.06 (d of d ,  2 ) .  
Dibenzobicyclo[2.2.2]octadiene (9,10-ethano-9,10-dihydroan- 

thracene, 4). A mixture of 0.49 mmol of 2 and 0.10 g of 10% pal- 
ladium on charcoal in 20 ml of absolute ethanol was stirred under 
1 atm of hydrogen until the hydrogen uptake ceased. A routine 
work-up gave a quantitative yield of white crystals, nmr (CDC13) 
6 7.19 (m, 4): 7.04 (m, 4), 4.28 (poorly resolved quintet, 2 ) ,  and 
1.67 (t, 4), which agrees very well with the literature1* nmr. 
syn-(Dibenzobicyclo[2.2.2]octatriene)tricarbonylchromium 

(1). A quantity of 4 g of 2 and triacetonitriletricarhonylchromium, 
preparedlg from 2.1 g of hexacarbonylchromium: in 15 ml of diox- 
ane (distilled from LiAlH4) was heated to reflux for 14 min in a 
Strohmeier apparatus.20 The reaction mixture was cooled to 25" 
and filtered through Celite. The filtrate was washed with three 
200-ml portions of water, dried (MgS04), and concentrated. The 
residue was triturated with five 50-ml portions of pentane ( to  re- 
move 2) ,  dissolved in 10 ml of boiling methylene chloride, and 
crystallized by adding pentane to the methylene chloride solu- 
tion. A quantity of 1.5 g (44%) of yellow needle crystals was ob-  
tained which was recrystallized from methylene chloride-pen- 
tane: mp 184.5-185.5" (lit.z1 mp l75', 186" dec); nmr2 (CDC13) 6 
7.23 (m, 2), 6.98 (m, 4), 5.67 (m, 2 ) ,  5.02 (m, 2) ;  and4.83 (t ,  2) .  

Anal. Calcd for CI9H1z03Cr: C, 67.06; H, 3.53. Found: C, 66.89; 
H, 3.51. 

Procedure for Catalytic Deuterations in Dioxane. Dioxane 
was purifiedz2 and stored under nitrogen. 

Into a clean, dry hydrogenation flask: a 50-ml erlenmeyer flask 
with a 4-ml addition funnel and stopcock attached to its side was 
placed a magnetic stirring bar, 0.135 g of 10% palladium on char- 
coal (Matheson Coleman and Bell), and 6-7 mi of dioxane. The 
flask was attached to the hydrogen apparatusz3 and the system 
was flushed with deuterium gas (Matheson Coleman and Bell) for 
25 min. The catalyst was reduced by stirring and then a solution 
of 0.265 mmol of the olefin in 2-3 ml of dioxane was added cia the 
side arm. A little more dioxane was added to the flask until the 
final volume was 12-13 ml. The mixture was then stirred vigor- 
ously until the uptake of deuterium ceased. 

Work-up for Measuring the Syn to Anti Addition of Deuteri- 
um to 1. The reaction mixture was filtered through Celite with 
gentle suction and the filter was then washed with dioxane. The 
solvent of the filtrate was removed on a rotary evaporator and the 
yellow solid was chromatographed on 26 g of silica gel using 
methylene chloride to transfer the solid to the column and pen- 
tane, and 10 and 50% methylene chloride-pentane mixtures as 
the eluents, An nmr spectrum of the yellow complex 3 was taken 
after the solvent was removed under vacuum. The complex was 
then transferred to a flask using methylene chloride. the solution 
was concentrated. and the residue was dissolved in 5 ml of 95% 
ethanol. To this solution was qdded 1.59 mmol of ferric chloride 
in 5 ml of ethanol. The solution was allowed to stand overnight 
and then a routine ether extraction gave 4 as a white solid, which 
was then analyzed by mass spectroscopy and nmr. 
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W o r k - u p  f o r  M e a s u r i n g  the A b s o l u t e  Y i e l d  of P r o d u c t s  from 
1. T h e  react ion m i x t u r e  was f i l tered a n d  t o  the  f i l t r a te  was added 
0.124 m m o l  o f  bibenzylZ4 as a n  nmr standard.  T h e  solvent was com- 
careful ly removed o n  a ro ta ry  e v a p o r a t ~ r . ~ ~  T h e  residue was com-  
p le te ly  dissolved in CDC13 a n d  analyzed by nmr. 

W o r k - u p  f o r  U n c o m p l e x e d  M a t e r i a l s .  A f te r  f i l t ra t ion,  a rou- 
t i ne  ether ex t rac t i on  was carr ied o u t  a n d  the  residue was ana-  
lyzed b y  mass spectroscopy a n d  nmr. 
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Phase-transfer cata lyzed synthesis of dimethy lv iny l idenecyc lopropane derivatives in aqueous m e d i u m  f r o m  
3-chloro-3-methyl-1-butyne (1) a n d  various olef ins are described. S low add i t i on  o f  1 t o  a s t i r red m i x t u r e  o f  51% 
aqueous potass ium hydrox ide,  benzene, a n d  a n  appropr ia te substrate o le f in  (3-molar  excess t o  1) in the  pres- 
ence o f  benzy l t r i e thy lammon ium chlor ide as a cata lyst  afforded the  corresponding dimethylvinylidenecyclopro- 
pane in moderate yields. 

Since Hartzler's report on the generation of dimethyl- 
vinylidenecarbene (2) from 3-chloro-3-methyl-1-butyne (1) 
or l-chloro-3-methyl-l,2-butadiene uia base-catalyzed y- 
or a-eliminations of hydrogen chloride, and on its reaction 
with some simple olefins (eq 1),2-4 his procedure has been 

1 

used widely for preparation of alkenylidenecyclopropane 
de r i~a t ives .~  However, cyclopropanation of olefins with 
this carbene generally proceeds in low yield owing to the 
relatively low electrophilic reactivity of the carbene.2,6 
Furthermore, Hartzler's procedure requires rigorously an- 
hydrous conditions for generation of the carbene 2. This 
paper describes a convenient method for the generation of 
2 in aqueous medium by the phase-transfer technique, 
and its wide applicability to the synthesis of various di- 
methylvinylidenecyclopropane derivatives .? ,s 

Results and  Discussion 
Reaction with Styrene under Various Conditions. In 

order to find the optimum conditions for the cyclopropa- 
nation of olefins with 2, 1 was added to a stirred mixture 
of 51% aqueous potassium hydroxideg and styrene under 
several conditions (eq 2 ) .  The results are given in Table I. 
The best yield of the adduct 1-dimethylvinylidene [or 
-(2-methylpropenylidene)] -2-phenylcyclopropane (4)2a was 


