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Treatment of 3,6-dibenzotricyclo[3.3.0.0z 9sloctadiene (1) with chromyl chloride involves reaction of the cyclo- 
propane ring in the hydrocarbon, The nature of.the products depends upon the ratio of reactants and upon the 
solvent. With limited amounts of chromyl chloride, in carbon tetrachloride, 2-(3-indenyl)benzaldehyde (2) is 
the principal product, while, in acetone, 8-chloro-3,6-dibenzo-2-bicyclo[3.3.0]octadienone (4) is the principal 
product. With excess chromyl chloride, in carbon tetrachloride, 2 is not isolated, but 4 and 3,6-dibenzo-2,8-bicy- 
clo[3.3.0]octadienedione ( 5 )  are formed in modest amounts; in acetone these are major products. The unconju- 
gated cyclopropane 6,8-dibenzotricyclo[3.2.2.0z 54lnonadiene (11) is substantially less reactive toward chromyl 
chloride than is 1; reaction under forcing conditions leads to 9,lO-anthraquinone. These results are discussed 
briefly. 

Our interest in the stereochemistry and mechanisms of 
electrophilic additions to cyclopropanes2 led us to consid- 
er whether chromyl chloride might add to cyclopropanes, 
a reaction which, to the best of our knowledge, has not 
been reported. This reagent, which is best known for the 
oxidation of methylarenes to arenecarboxaldehyde~,~ also 
reacts readily with olefins. Al!hough reactions with ter- 
penes had been studied by Etard4 and by Henderson5 
with confusing results (mixtures of ketones, aldehydes, 
and chlorinated compounds, generally of unidentified 
structures, were observed), it was not until study was car- 
ried out6 with simpler olefins that the reaction course 
began to become clear. Additions of chromyl chloride in 
carbon tetrachloride led to a-chlorohydrins of such reg- 
ioselectivity that it can be assumed that chromyl chloride 
donates an electrophilic oxygen species and a nucleophilic 
chloride ion; i . e . ,  the product has the opposite orientation 
of that  of hypochlorous acid addition. Subsequent studies 
by several groups,778 most notably that of Freeman, have 
expanded our original findings6 and have brought this 
complex system to a new stage of understanding and utili- 
ty. Thus it is now clearg that carbonyl compounds result 
from hydride or alkide migrations from carbenium-ion in- 
termediates. 
3,6-Dibenzotricyclo[3.3.0.02~~]octadiene (I)  has been, a 

useful cyclopropane for our studies2a of electrophilic addi- 
tions, as, in simple additions, the stereochemistry of both 
electrophilic and nucleophilic attack can be observed, 
with all additions proceeding with C-2-C-8 bond cleavage. 
When 1 was treated with chromyl chloride (mole/mole) in 
carbon tetrachloride a t  O", the reaction occurred as rapid- 
ly as the chromyl chloride was added. After 20 min, the 
reaction was quenched (aqueous sodium bisulfite or zinc). 
The product mixture was examined by nmr spectroscopy 
and by isolation. The principal product was shown to be 
2-(3'-indeny1)benzaldehyde (2), characterized by spectral 
properties and by oxidation to 3, accompanied by unreact- 
ed 1 and by trace amounts of anti-8-chloro-3,6-dibenzo-2- 
bicyclo[3.3.0]octadienone (4, as well as of other unidenti- 
fied products. 
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Recently, the reaction of olefins with an excess of 
chromyl chloride in acetone was reported to give excellent 
yields of a-chloro ketones.1° Using this procedure, we ob- 
tained three products from 1; the chloro ketone 4 and the 
diketone 5 were formed in about 30% yield each, with per- 
haps 590 of 2 indicated by pmr analysis of the product 
mixture. 

The results described above demonstrate that the cyclo- 
propane ring in 1 is sensitive to attack by chromyl chlo- 
ride. While the formation of 4 demonstrates that at least 
that portion of attack by nucleophile which gives 4 pro- 
ceeds with inversion, the formation of 2 or of 4 gives no 
information regarding the stereochemistry of electrophilic 
attack. For this reason we decided to try the Sharpless 
procedure, but without an excess of chromyl chloride, in 
the hope that chlorohydrins could be obtained. However, 
when 2.0 mmol of 1 was treated with 0.70 mmol of chrom- 
yl chloride in acetone-carbon tetrachloride, no chlorohy- 
drin was obtained, a substantial amount of 1 was recov- 
ered, and no diketone 5 was formed. The principal prod- 
uct was the chloro ketone 4. 

While the facts available do not permit detailed mecha- 
nistic considerations, it  seems possible to assume that ad- 
dition of chromyl chloride to 1 gives a 1:l addition prod- 
uct similar to that with olefins,ll e.g. ,  6 or 7, or perhaps 
the equivalent ion pairs, i .e. ,  species with one or more 
chloride ions separated. The formation of chloro ketone 4 
seems attributable to ring opening of 6 or 7 (or their 
equivalents) by chloride ion, giving 8, which by further 
oxidation-reduction is transformed to 4. The benzylic car- 
bon atom in 4 is then oxidized by excess Cr(V1) in acetone 
to 5.  These processes would appear to be the principal 
modes of reaction in acetone. 
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In carbon tetrachloride, however, 6 or 7 must be trans- 
formed to 9, which by bond migration and cleavage of the 
oxygen-chromium bond becomes the aldehyde 2. When 
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excess chromyl  chloride is present,  2 is not found (pre- 
sumab ly  i t  is  fu r the r  oxidized b y  excess reagent),  and a 
mixture  of at least n ine  compounds  results. We have not 
attempted the identification of these substances, except  
for 4 and 5 .  

9 10 11 

The nature of the products identified in these reactions, 
and, in  par t icu lar ,  the absence of chlorohydrin species 10, 
d o  not pe rmi t  us to  learn any th ing  a b o u t  the stereochem- 
istry of electrophilic attack,lZ so that our experiments 
only demonstrate that cyclopropane rings may reac t  with 
c h o m y l  chloride.  1 is a very reactive cyclopropane, being 
ac t iva ted  by two benzene rings, and we therefore dec ided  
to  look at the unconjugated  cyclopropane 6,8-dibenzotri- 
cycl0[3.2.2.0~~~]nonadiene (11). It was completely inert to 
chromyl chloride in 5.5 hr at O", a n d ,  when treated at room 
tempera tu re  for 5 days ,  61% of 11 was  recovered and the 
only reaction product which  was  found was 9 , lO-anthra-  
qu inone  (60% based upon 11 consumed) .  Clearly in  this 
case the p r imary  reaction products are oxidized more rap- 
idly than is the cyclopropane ring. 

Experimental Section 
Reaction of 1 with Chromyl Chloride in Carbon Tetrachlo- 

ride. A solution of 520 mg (2.5 mmol) of 113 in 25 ml of carbon 
tetrachloride was cooled to 0". Then 450 mg (2.4 mmol) of chrom- 
yl chloride (Cr02C12) in 3 ml of carbon tetrachloride was added 
dropwise with stirring and cooling. The solution was stirred at  0" 
for 20 min, and 40 ml of a 2.3% aqueous solution of sodium bisul- 
fite was added followed by additional stirring for 1 hr a t  0". The 
solution was diluted with carbon tetrachloride, washed two times 
with saturated aqueous sodium chloride, and dried over magne- 
sium sulfate and the solvent was removed in uucuo. Column chro- 
matography on silica gel eluted with 25% benzene-petroleum 
ether (bp 60-70") yielded 210 mg (38%) of 2-(3'-indenyl)benzal- 
dehyde (2): pmr (CDC13) 6 5.86 (1 H, t ,  H-3), 6.62 (1 H,  d ,  d, 
H-2), 6.92 (1 H, d ,  d, H- l ) ,  7.1-8.0 (8 H, m, aromatics), 10.22 (1 
H, s, aldehyde H), 52,s = 2, 51,3 = 2, 51,~ = 5.5 Hz; mol wt (mass 
spectrum) 220 (calcd, 220). 

A second sample of 210 mg of 1 in carbon tetrachloride was 
treated as above. However, 0.10 g of zinc was added rather than 
sodium bisulfite to reduce any remaining oxidizing agent. The 
mixture was stirred for 5 min, then 40 ml of ice water was added 
and stirring was continued for 20 min. The rest of the work-up 
was identical with that described above. Pmr analysis of the 
crude reaction mixture showed essentially the same product com- 
position as above. In some experiments trace amounts of the chlo- 
ro ketone 4 (see below) were noted. 

Reaction of 1 with Excess Chromyl Chloride in Carbon Tet- 
rachloride. A solution of 255 nig (1.25 mmol) of 1 in 12.5 ml of 
carbon tetrachloride was cooled to 0". Then 404 mg (2.6 mmol) of 
chromyl chloride in 8 ml of carbon tetrachloride was added drop- 
wise with stirring and cooling. The solution was stirred at  0" for 
20 min. and 250 mg of zinc powder was added. The mixture was 
stirred for 15 rnin, then 25 ml of ice water was added and stirring 
was continued for 30 min. The mixture was red-orange a t  this 
point and enough 2.3% aqueous sodium bisulfite was added with 
stirring to complete the reduction of any remaining oxidizing 
agent. The mixture was filtered through Celite to break up the 
thick emulsicn and transferred to a separatory funnel. The yellow 
organic layer was quickly washed with dilute aqueous sodium bi- 
sulfite followed by saturated aqueous sodium chloride and dried 
over anhydrous sodium sulfate. Removal of the solvent in uucuo 
afforded a pink oily residue. 

The residue was taken up in a small volume of carbon tetra- 
chloride and precipitated with hexane to give 67 mg (23%) of 3,6- 
dibenzo-2,8-bicyclo[3.3.0]octadienedione ( 5 ) ,  mp 256-258" dec 
( l i t za  mp 257-259"). 

The mother liquors were concentrated and examined by tlc, 
which revealed eight additional products, one of which was iden- 

. 

tified as exo-8-chloro-3,6-dibenzo-2-bicyclo[3.3.0]octadienone (4) 
by its Rf value compared with that of an authentic sample. 

The complex product mixture was examined further by pmr 
spectrometry, which confirmed the presence of 4 as the principal 
component of the mother liquor mixture (see below), 2 was not 
observed in the mixture, and the remaining products were not 
identified. 

Oxidation of 2 with Jones Reagent. Treatment of 2 with 
Jones reagent1* in acetone at  0" gave 2-(3'-indeny1)benzoic acid 
(31, mp 141-142" after several recrystallizations from aqueous 
ethanol. 

Anal. Calcd for C16H1202: C, 81.33; H,  5.12, mol wt, 236. 
Found: C, 81.21; H, 5.11, mol wt, 236 (mass spectrum). 

Reaction of 3,6-Dibenzotricyclo[3.3.0.0z~8]octadiene (1)  with 
Chromyl Chloride in Acetone.lo A solution of 203 mg (0.9 mmol) 
of 1 in 15 ml of acetone (distilled from KMn04) was cooled to 
-75". Then 349 mg (2.25 mmol) of chromyl chloride in 3 ml of 
carbon tetrachloride was added dropwise with cooling and stir- 
ring. The solution was stirred at  -75" for 90 min and then al- 
lowed to come to room temperature for 2 hr. The mixture was 
poured into an ice-cold solution of 360 mg (3.6 mmol) of sodium 
bisulfite in 11 ml of water and stirred for 30 min. The mixture 
was extracted two times with petroleum ether-ethyl acetate 
(50:50 v/v), washed with water and saturated aqueous sodium 
chloride, and dried over sodium sulfate. The solvent was removed 
in uacuo to give a solid residue. The residue was taken up  in a 
minimal amount of hot benzene and treated with petroleum ether 
to give 68 mg (32%) of 3,6-dibenzo-2,8-bicyclo[3.3.0]octadi- 
enedione ( 5 ) ,  mp 255-257", mol wt, 234 (mass spectrum). 

The mother liquors afforded 64 mg (28%) of exo-8-chloro-3,6- 
dibenzo-2-bicyclo[3.3.0]octadienone (4) :  mp 120-121" (lit.15 mp 
120-121.5") after recrystallization from petroleum ether (bp 30- 
65"); pmr (CDClB) 6 3.82 (1 H,  d: d, H- l ) ,  5.15 (1 H, d ,  H-5), 5.8 
(1, H,  d ,  H-8), 7.2-8.0 (8 H, m, aromatics), J I , ~  = 6.5, J1,s = 1.3 
Hz. 

Reaction of 6,8-Dibenzotricyc10[3.2.2.O~~~]nonadiene (11) 
with Chromyl Chloride in Carbon Tetrachloride. A solution of 
273 mg (1.25 mmol) of Ill6 in 15 ml of carbon tetrachloride was 
treated with 194 mg (1.25 mmol) of chromyl chloride in carbon 
tetrachloride a t  room temperature. The solution was stirred a t  
room temperature for 5 days, poured into 20 ml of 2.3% aqueous 
sodium bisullcite, and stirred for 1 hr. The aqueous layer was ex- 
tracted with carbon tetrachloride, the organic phases were com- 
bined, dried over magnesium sulfate, and filtered, and solvent 
was removed in Gacuo. The residue obtained was placed on pre- 
parative-scale tlc plates (E. Merck, silica gel G,  20 x 20 x 0.5 
cm) and eluted with benzene-methanol (98:2). Two bands were 
observed with uv light; the more mobile band afforded 168 mg 
(61%) of recovered 11, while the other band gave 60 mg of 9,lO- 
anthraquinone, mp 283" (lit.17 mp 286"), mol wt (mass spectrum) 
208 (calcd, 208). 
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Ionic bromination of 5-(difluoromethylene)-6,6-difluoro-2-norbornene (1) in methylene dichloride at  25" gave 
l-(bromodifluoromethyl)-3-bromo-7,7-difluorotricyclo[2.2.l.Oz~6heptane (2) and 2,7-dibromo-5,5-difluoro-6-(di- 
fluoromethy1ene)norbornane in the ratio of 4:l. In contrast, free-radical bromination gave 29% 2, 22% exo-2- 
bromo-endo-3-bromo-5-(difluoromethylene)-6,6-difluoronorbornane, and 49% exo-cis-2,3-dibromo-5-(difluo- 
romethylene)-6,6-difluoronorbornane. The nature of the ionic and free-radical intermediates is discussed. Domi- 
nant homoallylic participation from the exocyclic difluoromethylene moiety is further support for the stability 
of a -fluorinated electron-deficient carbon. 

Previous investigations from this laboratory have dem- 
onstrated the importance of y -fluorine polar and steric ef- 
fects on additions to the norbornene double b ~ n d . l - ~  In 
particular, fluorine substituents a t  the 5,6 positions deac- 
tivate the norbornene double bond toward electrophilic 
addition and only free-radical addition is observed. Fur- 
thermore, 5,6-endo fluorine substituents shield the endo 
side of the system from attack in comparison with norbor- 
nene itself. 

These studies are extended here to a more complex 
molecule, 5-(difluoromethylene)-6,6-difluoro-2-norbornene 
( Unlike other fluorinated norbornenes, e.g., 5,5,6,6- 
tetrafluoro- or 5,5,6-trifluoro-2-norbornene, 1 readily 
undergoes ionic bromination. The importance of homoal- 
lylic participation from the difluoromethylene moiety will 
be discussed. 

Free-radical bromination of 1 was also investigated. Stud- 
ies with other methylenenorbornenes have shown that 
products can arise from initial radical attack a t  either the 
exocyclic4-6 or endocyclic double bond,? and homoconju- 
gate addition is often observed.6 In this regard, the free 
bromination product distribution was examined and also 
compared with the ionic addition results. 

Results 
Olefin 1 rapidly consumed bromine in methylene di- 

chloride solvent in the dark and under oxygen a t  25" 
(ionic conditions) to afford a mixture of 79% 2 and 21% 3 
by glpc. 

Bromination of 1 under free-radical conditions2 gave a 
mixture of 38% 2, 3.5% 3, 18% 4, and 40.5% 5 by glpc and 
nmr analysis (see Experimental Section). With the as- 
sumption that 3 arose only via an ionic pathway (uide 
in f ra) ,  17% superimposed ionic reaction was present. Cor- 
rection of the observed results gave a free-radical product 
distribution of 29% 2,22% 4, and 49% 5.  

The reported dibromides accounted for >98% of the ob- 
served products. NO 1,2-dibromides resulting f rom addi- 
tion across the  difluoromethylene functionality were de- 
tected in either the  ionic or free-radical reaction. All di- 
bromides were stable to the reaction and analytical condi- 
tions, and the respective product distributions are those of 
the kinetically controlled addition reactions. 
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Structural Assignments. The respective dibromide 
structures were established by IH and 19F nmr and ir 
analyses. Appropriate double-resonance experiments at  
100 and 220 MHz allowed for the assignment of long-range 
couplings. The chemical shift data are presented in Table I. 

The dibromide 2 gave a narrow downfield resonance a t  6 
4.41 for a single proton geminal to bromine (Figure 1). 
The bridgehead proton H4 appeared at 6 2.46 and the cy- 
clopropane ring protons Hz and & gave an unresolved 
singlet at  6 2.21. Irradiation of H3 revealed a 1.3-Hz cou- 
pling with proton H k .  The characteristic 19F AB multi- 
plet of the geminal vinyl fluorines was absent and a nar- 
row triplet (JFF N 4 Hz) was observed at @I 42.0 for the 
fluorines adjacent to bromine. The absence of a C!===CFz 
double bond stretching frequency a t  1760-1777 cm- I, 
which was observed for 1 and 3-5, and the characteristic8 
ir bands observed a t  828, 833, and 867 cm-l further con- 
firmed the nortricyclene structure. 

The 100-MHz spectrum of dibromide 3 is shown in Fig- 
ure 2. Irradiation of the upfield protons H a ,  H a  at 6 2.63 
and 2.70 collapsed the Hz triplet (J = 6.5 Hz) a t  6 4.04 to 
a broad singlet. Irradiation of the allylic proton HI a t  6 


