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Chlorocarbonium Ions. I. Synthesis of Decachlorobicyclo[3.3.0]octa-2,6-diene
and Its Chemistry
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The reaction of hexachlorocyclopentadiene with 1,1,2,3 3-pentachloropropene in the presence of anhydrous
aluminum chloride furnished decachlorobicyclo[3.3.0]octa-2,6-diene (1) in 75% yield. -Evidence for the structure
of 1 was obtained from its 13C nmr spectrum, nuclear quadrupole resonance spectrum, elemental analysis, and
hydrogenolysis. Hydrolysis of 1 with sulfuric acid afforded diketones 2 and 3 and the hydroxy diketone 4. A part
of 1 rearranged to 6 at 250-270°, The reaction of 1 with 2 equiv of potassium hydroxide in methanol afforded the
monomethoxy derivative 7 in good vield, whereas a large excess of potassium hydroxide in methanol furnished
small yields of 10 and 11. Upon treatment with anhydrous aluminum chloride 7 furnished 8 and/or 9 while 10
gave 9. Similarly, 11 furnished 12, Treatment of 9 with sulfuric acid produced 12.

The well-known Prins reaction involves alkylation of a
polyhalo olefin with a chlorocarbonium ion, derived from
a halocarbon and a Lewis acid such as aluminum chlo-
ride.! We have extended this reaction to the synthesis of
new conjugated cyclic chlorocarbons, a subject in which
we have been actively interested,?2 by investigating the
reaction between polyhalogenated carbocations and poly-
halogenated cyclopentadienes.

Although pentachloropropenium cation? failed to react
with hexachlorocyclopentadiene at 75-80°, 1,1,2,3-tetra-
chloropropenium cation* prepared from 1,1,2,3,3-pentachlo-
ropropene® and anhydrous aluminum chloride in the ab-
sence of any added solvent reacted with hexachlorocyclo-
pentadiene at 75-80° to yield decachlorobicyclo[3.3.0]octa-
2,6-diene (1), mp 146-147°, in 75% yield with small
amounts of Prins dimer.® No other products could be iso-
lated in this reaction except unreacted starting materials.

The infrared spectrum of 1 showed a single olefinic ab-
sorption at 1612 c¢cm~?! and a strong absorption at 1185
cm~1 suggestive of a polychlorinated ring breathing
mode.” The ultraviolet spectrum in n-hexane showed only
end absorption with a shoulder at 230 nm, while high-
pressure hydrogenation afforded cis-bicyclo[3.3.0]octane.?
These observations suggested two structures, 1 or 1/, each
having two nonconjugated double bonds with cis-fused

rings for this chlorocarbon 2

7

Jo I
Cly Cly
1 v
An unambiguous choice between the two isomers was

made from the 13C nmr spectrum in deuteriochloroform,
which showed only four different resonances in approxi-
mately equal intensities at 136.7, 132.8, 92.7, and 88.5
ppm downfield from external tetramethylsilane.’3 In addi-
tion the ngr spectrum at room temperature showed only
five absorptions of equal intensities at 37.34, 38.06, 38.57,
38.94, and 39.13 MHz, indicating the presence of five dif-

ferent symmetry-equivalent pairs of chlorine. Structure 1
is fully consistent with these observations.1*a

A likely mechanism for the formation of 1 involves the
initial abstraction of an allylic chlorine from the propene
to yield the 1,1,2,3-tetrachloropropenium cation, which is
attacked by hexachlorocyclopentadiene to furnish the in-
termediate A. Ring closure followed by loss of a proton
would furnish 1,140

H. Cl

. A aq,
) Cl
Cl
Cl, cl H
* H,O
— Cl ———
AICl,~
a” o , o
A

When 1 was heated with concentrated sulfuric acid and
then treated with water, a 60:40 mixture of two colorless
dicarbonyl compounds was obtained. They were sepa-
rated by repeated fractional crystallization or by glpe. On
treatment with excess PClg at 185-190°, both these com-
pounds furnished 1. Their infrared spectra as mulls in
Nujol were also very similar. These observations suggested
that the two dicarbony! compounds had the basic bi-
cyclo[3.3.0] ring skeleton'® and differed only with respect
to the position of the carbonyl groups.

Structure 2 was assigned to the 40% component on the
basis of its 3C nmr spectrum, which showed only four
resonances at 181.5, 156.7, 131.5, and 72.4 ppm. The reso-
nance at 181.5 ppm is easily assigned to the carbonyl car-
bon by analogy with cycloalkanones.17-18 In a similar
fashion the absorption at 156.7 ppm is assigned to the ole-
finic carbon 8 to the carbonyl group and that at 131.5
ppm to the « carbon.?® The remaining absorption at 72.4
ppm is assigned to the bridgehead carbon. The 60% com-
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ponent (Scheme I) showed five absorptions at 179.8, 158.2,
132.5, 75.4, and 70.1 ppm. Structure 3 is assigned to this
diketone. While the carbonyl and olefinic carbon reso-
nances can be assigned similar to 2, the bridgehead car-
bon assignments are not certain. However, by analogy
with other model chlorocarbon ketones,1® the absorption
at 70.1 ppm may be assigned to the bridgehead carbon
which is @ to both carbony! groups and that at 75.1 ppm
to the remaining bridgehead carbon. Compound 3 should
be more polar than 2, and dipole moment measurements?
(v = 1.12 D for 2 and 3.42 D for 3) are consistent with the
assigned structures.

The ultraviolet spectra of 2 and 8 are shown in Figure 1.
It is interesting that, whereas 2 shows distinct fine struc-
ture in the long-wavelength region, 3, which has the larger
dipole moment and two parallel enone dipoles, shows very
little. Such fine structure, although not a general rule, has
been observed for other polychlorinated cyclopenten-
ones.?% The infrared spectrum of 2 in carbon tetrachloride
shows a single strong carbonyl band at 1775 cm~1 while 3
shows a rather complicated carbonyl absorption at 1774
and 1745 cm™1,

After removal of the diketones, the aquecus acidic solu-
tion was extracted with ether to afford small amounts of
hydroxy diketone 4, which was methylated with diazo-
methane to afford the monomethoxy diketone 5. Spectro-
scopic evidence and elemental analyses support the as-
signed structures 4 and 5. Attempts to obtain a dihydroxy
diketone from 1 under drastic hydrolysis conditions were
unsuccessful.

Compound 1 is quite stable at ordinary temperatures
and was unchanged after heating at 200° for 1 hr. How-

40l NN
N
\
\'N\f‘s
LN
W 30— \-\ ‘\‘
Q \ “ —~ T
o \ N
| \ \ /’ \ -~
\ A vy
‘ \
| o !
i \
201 e
| i | 1
250 300 350 400

nm

Figure 1. Ultraviolet spectra of 2 and 3: -+-e-e-+ 2;----3.
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ever, when 1 was heated to 250-270° for 9-10 hr in a
sealed tube it partly isomerized to 6, which was separated
by glpe. The latter chlorocarbon reverts to 1 almost quan-
titatively upon treatment with anhydrous aluminum chlo-
ride in dichloromethane. The infrared spectrum of 6
showed two olefinic absorptions at 1670 and 1580 cm~—1.
The 1670-cm~1 absorption is attributed to the exocyclic
double bond in 6, shifted to higher frequency by ring
strain.?!-28 The effect of such a strain reduces the fre-
quency in endocyclic >C=C< bonds.?! The ultraviolet
spectrum did not reveal any conjugation PMpax 226 nm
(log ¢ 4.27)] and the '3C nmr spectrum, which showed
eight different absorptions (Table I), is consistent with
‘the assigned structure.142.2¢.25 Reaction of 1 with 2 equiv
of antimony pentachloride followed by quenching of the
reaction mixture with water afforded 1, 2, 3, and 4. The
formation of these products is consistent with the forma-
tion of dication B in solution.?® Attempts to isolate the
dication were unsuccessful 27

Lo =

Cly
1
2Sbc1;39>1+2+3+4

cl,
B

When 1 was allowed to react with 2 equiv of potassium
hydroxide in methanol, a 72% yield of a colorless, crystal-
line compound was obtained, for which structures 7i4a
and Ta-d will be considered. The infrared spectrum of
this material exhibited carbon-carbon double-bond
stretching absorptions at 1675 and 1590 ¢m~2. The low-
frequency olefinic band might be due to methoxy substi-
tution on the double bond?® as in 7a or 7b, which could
arise by an addition-elimination mechanism.2® However,
we believe that the more likely explanation is ring strain
due to. the exocyclic double bond in structure 7. Similar
low-frequency shifts of olefinic frequencies are found for 6,
8, and 10, all of which have a structure analogous to 7
(Table II). Structures 7c and 7d would not be expected to
show shifted olefinic infrared frequencies and so can be
eliminated.3°

Clg Clg Cly
7a 7

OMe

7b
OMe
Cly
7c 7

Additional support for structure 7 comes from the 13C
nmr spectrum. The proton-decoupled spectrum showed
nine different resonances at 137.6, 136.6, 135.1, 133.9,
118.5, 93.4, 80.6, 78.3, and 44.1 ppm. The undecoupled
spectrum, however, showed a quartet, J = 146.8 Hz, for
the methyl carbon resonance of 44.1 ppm and a second
small quartet, J = 4.5 Hz, for the resonance at 118.5 ppm
due to secondary splitting?3:31 through the C-O-C link.32
These two resonances showed a substantial Overhauser
enhancement on proton decoupling, while the remaining
seven resonances were of comparable intensity.2? The nar-
row range of the four olefinic resonances (137.6-133.9
ppm) further suggests that the -OMe group is not at-
tached to a vinylic carbon since such substitution is

OMe
d
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Table I
13C Data of Seleeted Compounds+*

Compd No. >C=0 >C=C< Saturated C
<:]::> 1 136.7  92.7
132.8 88.5
0
2 181.5  156.7 72.4
131.5
o}
é:I:? 3 179.8  158.2 75.4
182.5 70.1
(o} o}
<:]::> 6 188.0 97.9
136.8 96.0
136.4 81.2
134.5 78.9
<:]:3*‘°Me 7 137.6  118.5
136.6 93 .4
1385.1 80.6
133.9 78.3
44.1
{10 8§ 183.2 159.3  84.0
138.3 78.1
132.5 78.0
129.8
<jj:j%=0 9 185.4  158.6 98.8
134.8 85.3
134.3 68.8
124.8
o= =0 12 183.3  162.0 68.0
127.0

¢ All positions substituted by chlorine unless indicated.
b Spectra were run in CDCl; and the data reported in parts
per million downfield from external TMS converted from
CDCI; internal standard using § (CDCl;) 78.9 (ref 31, p 23);
accuracy ==0.1 ppm.

known32 to impart a substantial paramagnetic (downfield)
shift to the carbon to which it is attached. This shift is
evident on the saturated carbon resonance of 118.5 ppm to
which the ~-OMe group is attached. The other three satu-
rated carbon resonances are significantly higher and have
not been assigned.

The monomethoxy derivative 7 upon treatment with 0.5
equiv of anhydrous aluminum chloride in dichlorometh-
ane, followed by hydrolysis, afforded a white monoketone

J. Org. Chem., Vol. 39, No. 12, 1974
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Figure 2. Ultraviolet spectra of 8, 9, and 12:
9; —————12.

8.14a Further treatment of § with excess anhydrous alumi-
num chloride in dichloromethane, or treatment of 7 with 1
equiv of anhydrous aluminum chloride, afforded yet an-
other monoketone 9. Treatment of 8 with PCls gave 6
along with 1., The 13C spectra of 8 and 9 have been re-
ported in Table I. The carbonyl carbon resonances for
both 8 and 9 are easily assigned, being farthest downfield.
For 8 the resonance at 159.3 ppm is assigned to C-1 and
that at 129.8 ppm to C-2.19 The pair of olefinic carbon
resonances at 138.3 and 132.5 ppm are jointly assigned to
C-6 and C-7 for lack of suitable chlorocarbon models.
Similarly, the pair of resonances at 78.1 and 78.0 ppm are
jointly assigned to C-4 and C-5 and that at 84.0 ppm to
C-8. In 9 a similar trend is observed with the added effect
of conjugation. The resonances at 158.6 ppm is assigned to
C-6 and that at 124.3 ppm tentatively to C-2. The pres-
ence of a carbonyl group causes an upfield shift?3 on C-4,
which absorbs at 68.8 ppm. The remaining two saturated
carbon resonances have not been assigned.

The ultraviolet spectra of 8§ and 9 are reproduced in Fig-
ure 2. The spectra indicate that 9 has a more extended
conjugated system than 8. In addition, whereas the olefin-
ic absorptions in the infrared occur at 1655 and 1580 cm—1
for 8 suggesting an endocyclic and an exocyclic double
bond,?* those for 9 occur at 1655 and 1620 cm~—1. Addi-
tional evidence for the structure of 9 comes from its facile
conversion to 12 upon treatment with concentrated sulfu-
ric acid. The structure of 12 itself follows from spectro-

. Scheme 11
Cl a,
AlCl,~CH,Cl,
I OMe 0
7 8
AlC1;-CH,CLy l AICL-CH,Cl
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KOH-MeOH ®<OM9 AlCl,-CH,Cl,
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Table II
Infrared Absorptions Due to >C=C< Stretching
Mode in Polychlorinated [3.3.0] Ring Systems«

Exocyclic type,

Compd em Tt Endocyclic type, cm !
1 1612
1580
1588 (soln)
3 1685, 1575
1592, 15682 (soln)
5 1600, 1580
6 1670 1580
7 1675 1590
8 16556 1580
9 1655, 1620
10 1675 1585
11 1655
12 1630

@ All spectra were taken as mulls in Nujol between KBr
disks except as noted. Solution spectra were taken in CCly
using matched 0.5-mm KBr cells. Accuracy =46.0 cm™L

scopic data, especially the 13C nmr spectrum, which like 2
shows only four different absorptions.

When 1 was allowed to react with a large excess of po-
tassium hydroxide in methanol, a dimethoxy derivative 10
and a tetramethoxy derivative 11 were isolated in small
yields from the reaction mixture by column chromatogra-
phy (Scheme II). The infrared.and ultraviolet spectra of
10 show the presence of isolated double bonds, whereas 11
shows conjugation and only one type of olefinic absorption
in the infrared, suggesting that both double bonds are ex-
ocyclic (Table II). Treatment of 10 with anhydrous alumi-
num chloride gave 9. Additional confirmation for the
structures of 10 and 11 is given by their proton nmr spec-
tra, For 10 two different resonances of equal intensity are
found at 6 3.55 and 3.67, whereas for 11, which has Cg,
symmetry, only a single resonance is observed.

Experimental Section

General. Melting points are uncorrected. Elemental analyses
were performed by Chemalytics Inc., Tempe, Ariz., or Mr. J.
Goda of Osaka City University, Japan. Chlorine analyses, when
required, were carried out according to the combustion method
using a modified flask.3* Infrared spectra were recorded on a Per-
kin-Elmer Model 457 spectrophotometer as mulls in Nujol be-
tween KBr disks or as solutions in carbon tetrachloride. Only sig-
nificant absorptions are reported. Ultraviolet spectra were record-
ed on a Hitachi EPS-20 spectrophotometer as solutions in n-hex-
ane. Nuclear quadrupole resonance spectra were recorded on a
Wilks NQR-1A spectrometer at room temperature. Proton nmr
spectra were recorded as 10% solutions in carbon tetrachloride on
a Varian A-60 spectrometer using tetramethylsilane as an inter-
nal standard. 13C nmr spectra were recorded as solutions in
CDCl; on a Varian XL-100-15 spectrometer provided with a Fou-
rier transform accessory. Gas chromatographic analyses were per-
formed on a Varian A90-P gas chromatograph at 210° using a 7 ft
10% SE-30 column with a helium flow of 200 ml/min or a 15 ft
10% SE-30 column at 130° with a helium flow of 80 ml/min. Ben-
zene and dichloromethane were dried prior to use and stored over
molecular sieves. Other commercial chemicals were used without
further purification.

Decachlorobicyclo[3.3.0]octa~2,6-diene (1). In a dry 1-1. three-
necked flask provided with a mechanical stirrer, addition funnel,
condenser, and nitrogen inlet was placed 15.0 g (0.11 mol) of an-
hydrous aluminum chloride and 207 g (0.76 mol) of hexachlorocy-
clopentadiene. The slurry was stirred while the temperature was
gradually raised to 70°. To the stirred slurry was added 204 g (1.1
mol) of 1,1,2,3,3-pentachloropropene,® slowly over a period of 2.5
hr. The temperature of the reaction mixture was maintained be-
tween 70 and 75° during addition.3® After completion of addition
of the propene, a further 10 g of anhydrous aluminum chloride
was added to the reaction mixture. The temperature of the reac-
tion mixture was raised to 75-78° and maintained at this temper-
ature for 5 hr. The dark green reaction mixture was cooled to
room temperature and cautiously poured into 1 1. of cracked ice.
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The precipitated brownish solid was filtered, washed with two
150-ml portions of cold methanol, and dried, vield 257 g (75%).
An analytical sample was prepared by recrystallization from
ethyl acetate as colorless rhombs: mp 146-147° ir (mull)
>C=C<, 1612 cm~%; uv 230 nm (sh).

Anal. Caled for CgClyo: C, 21.32; Cl, 78.68. Found: C, 21.33; Cl,
78.76.

Total Hydrogenolysis of 1. A mixture of 4.0 g of 1, 4.0 g of 10%
Pd/C, 2.0 g of anhydrous sodium acetate, and 100 ml of absolute
ethanol was placed in a steel bomb and hydrogenated using high-
pressure equipment for 4 days with constant agitation at 1200 psi.
At the end of this period the bomb was opened and the slurry was
filtered, The ethanolic solution was diluted with 200 ml of water
and extracted with four 100-ml portions of n-pentane. The pen-
tane extracts were combined, washed with two 50-ml portions of
water and saturated sodium chloride solution, and dried
(MgS04). Removal of solvent by distillation afforded 0.7 g of a
pale yellow liquid residue. Analysis of this liquid on a 15 ft SE-30
column indicated the presence of only one major component,
which was identified as cis-bicyclo[3.3.0]octane by comparison of
its spectral properties with those of an authentic sample.8

Reaction of 1 with Sulfuric Acid to Give 2 and 3. In a dry
100-ml flask provided with a magnetic stirrer and nitrogen inlet
was placed 10.0 g (22.2 mmol) of 1 and 50 ml of concentrated sul-
furic acid. The mixture was stirred while the temperature was
gradually increased to 100-110° at which it was maintained for 1
hr. The sulfuric acid solution was cooled to room temperature
and poured onto 1 1. of cracked ice to precipitate 6.0 g (80%) of an
off-white solid which was found to be a mixture of 40% 2 and 60%
3 by gas chromatography. Recrystallization of this mixture from
ethyl acetate furnished as the first fraction a mixture of 95% 3
and 5% 2. A second recrystallization of this fraction afforded pure
3: mp 120-122°% ir (mull) 1765 (s), 1725 (s), 1585 (s) and 1575
cm~?! (8); ir (CCly) 1774 (s), 1745 (m), 1592 (s), and 1582 cm~1;
uv Amax (log €) 229 (4,114), 235 (4.133), 252 (3.999), 262 (3.951),
330 sh (2.130), and 345 nm sh (2.05).88

Anal. Caled for CgClgOg: C, 28.20; Cl, 62.42. Found: C, 28.20:
Cl, 62.70.

The mother liquor after removal of the first fraction was evapo-
rated to dryness and recrystallized from n-hexane to furnish a
fraction enriched in 2. Two further recrystallizations of this frac-
tion from n-hexane afforded pure 2: mp 146-147° ir (mull) 1755
(s), 1740 (s), and 1580 cm~ 1 (s); ir (CCly) 1775 (s) and 1588 em—1
(8); uv Amax (log €) 219 (4.043), 254 (4.101), 260 (4.075), 280 sh
(3.313), 310 sh (2.542), 321 (2.669), 334 (2.774), 351 (2.827), 371
(2.810), and 389 nm (2.587).

Anal. Caled for CgClgO,: C, 28.20: Cl, 62.42. Found: C, 28.10;
Cl, 62.33.

The fractions after removal of most of pure 2 and 3 were com-
bined, evaporated to dryness, dissolved in a small volume of car-
bon tetrachloride, and placed on top of a column (10 X 50 mm)
packed with silica gel in carbon tetrachloride and eluted with
carbon tetrachloride. The earlier fraction consisted of pure 2 fol-
lowed by mixtures and then 3. Some decomposition was also no-
ticed on the column.

Reaction of 1 with Sulfuric Acid to Give 2, 3, and 4. In a
100-ml flask provided with a magnetic stirrer and nitrogen inlet
was placed 5.0 g of well-powdered 1 and 25 ml of a 50:50 mixture
of fuming sulfuric acid and concentrated sulfuric acid. The slurry
was stirred and heated at 130-140° for 6 hr, cooled to room tem-
perature, and filtered through a sintered glass funnel to remove
0.47 g (7.9%) of a solid identified as Prins dimer.3” The sulfuric
acid solution was cautiously poured onto 250 g of cracked ice. The
precipitated tan-colored solid was filtered and recrystallized from
methanol to give 1.0 g of 2 as the first crop of crystals. The moth-
er liquor deposited 1.4 g of crystals on cooling to 5°, which was an
equimolar mixture of 2 and 3 as shown by glpec.

The aqueous sulfuric acid solution after removal of the dike-
tones was extracted with four 20-ml portions of ether and the or-
ganic extracts were combined, washed with water followed by sat-
urated sodium chloride solution, and dried (MgSOy). Removal of
ether under reduced pressure afforded 0.39 g of 4 as a light yellow,
syrupy liquid which dissolved in a solution of sodium bicarbonate
with the evolution of carbon dioxide. Both ferric chloride and
2,4-dinitrophenylhydrazine tests on this oil were positive.38

Conversion of 4 to 5. A solution of 380 mg of 4 in 10 ml of dry
ether was treated with an excess of diazomethane at 10° and kept
at this temperature for 1 hr. After the excess diazomethane was
decomposed with acetic acid, the ether solution was washed with
water, sodium bicarbonate, and saturated sodium chloride solu-
tions and dried (MgSO4). Removal of ether under reduced pres-
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sure afforded an oily residue which was dissolved in carbon tetra-
chloride. Purification by column chromatography on silica gel
using carbon tetrachloride as eluent afforded 300 mg of colorless
crystals of 5: mp 142-144°; ir (mull) 1750 (s), 1720 (s), 1600 (s),
and 1580 em~1 (s); uv Amax (log ¢) 220 sh (4.056), 248 (4.258), and
263 nm sh (4.064); nmr (CCly) é 4.54 (s).

Anal. Caled for CoH3Cls03: C, 32.12; H, 0.90. Found: C, 32.12;
H, 0.91.

Reaction of 1 with Fuming Nitric Acid. In a 100-ml round-
bottom flask provided with a magnetic stirrer were placed 5.0 g
(11.0 mmol) of 1 and 50 ml of 90% nitric acid. The temperature of
the stirred slurry was gradually raised to 60°, at which point slow
gas evolution was observed. The temperature was raised to 85-90°
and maintained at this temperature for 3 hr. A clear yellow-or-
ange solution was obtained. The nitric acid solution was cooled to
room temperature and poured onto 250 g of cracked ice. A white,
oily solid precipitated. The aqueous slurry was extracted with five
50-ml portions of chloroform. The chloroform solution was washed
with two 50-ml portions of water and dried (CaCly). Removal of
chloroform under reduced pressure afforded 3.3 g of a yellow, vis-
cous oil which was triturated with 10 ml of cold n-pentane to fur-
nish 2.8 g (74%) of a white solid. This was found to be a 45:55
mixture of 2 and 3 by glpc analysis.

Chlorination of 2 and 3 to Give 1. In a small glass tube of 0.5-g
sample of 2 was sealed with 0.6 g of PCl; and the tube was heated
at 185-190° for 8 hr. The tube was cooled and opened and the
contents were treated with water. The oily organic product was
extracted with two 5-ml portions of chloroform and the organic
extract was dried (MgSO,). Removal of chloroform under reduced
pressure afforded 0.6 g of an oily solid which solidified on stand-
ing at room temperature. It was identified as 1 by comparison of
its ir spectrum with that of an authentic sample. No other prod-
uct could be detected.

Thermal Isomerization of 1 to 6. In a small glass tube 0.5 g of
1 was sealed and heated to 270° for 10 hr. The tube was cooled
and opened, and the contents were dissolved in 5 ml of chloro-
form. Glpe analysis indicated that the product was a mixture of
two components in the ratio 90:10. The 90% component was iden-
tified as 1 by comparison of its spectral properties with those of
an authentic sample. The 10% component was separated by glpc
and recrystallized from acetone, mp 82-84°, and identified as 6: ir
(mull) >C=C<, 1670 and 1580 cm~1; uv Apax (log €) 226 nm
(4.27).

Anal. Calced for CgClio: C, 21.32; Cl, 78.68. Found: C, 21.44; Cl,
78.78.

Isomerization of 6 to 1. A 100-mg sample of 6 was dissolved in
5 ml of dry dichloromethane. An equal weight of anhydrous alu-
minum chloride was added and the slurry was gently refluxed
with stirring for 3 hr under a nitrogen atmosphere. The reaction
mixture was cooled to room temperature and the greenish com-
plex was decomposed with ice water. The organic layer was sepa-
rated and dried (NagS0,4). Removal of solvent afforded 83 mg of a
buff-colored solid which was recrystallized from acetone, mp
145-147°, It was shown to be 1 by comparison of spectral proper-
ties with those of an authentic sample.

Nonachloro-3-methoxybicyclo[3.3.0]octa-1,6-diene (7). A so-
lution of 5.0 g (11.1 mmol) of 1 in 35 ml of benzene was added to
a stirred solution of 1.5 g (27.0 mmol) of potassium hydroxide in
40 ml of absolute methanol at room temperature. The mixture
was refluxed for 6 hr and filtered to remove sodium chloride. The
methanol-benzene filtrate was diluted with 150 ml of water to
separate the benzene layer, which was removed. The aqueous
methanol layer was extracted with two 50-ml portions of benzene.
The benzene extracts were combined, washed successively with
two 50-ml portions of water and saturated sodium chloride solu-
tion, and dried (CaCls). Removal of the solvent under reduced
pressure afforded 4.5 g of crude 7. Recrystallization from metha-
nol afforded 3.5 g (72%) of pure 7: mp 91-92°; ir (mull) 1675 (m),
1590 (m), 1228 (m), 1195 (s), 1145 (m), 890 (m), 800 (m), and 735
cm~ ! (m); uvAmax (loge) 224 nm (4.286); nmr (CCly) § 3.82 (s).

Anal. Caled for CgH3ClgO: C, 24.23; H, 0.68; Cl, 71.51. Found:
C, 24.53; H, 0.78; Cl, 71.68.

Synthesis of 10 and 11 from 1. A mixture of 20.0 g of 1, 20 ml
of benzene, and 14.8 g of potassium hydroxide in 170 ml of anhy-
drous methanol was refluxed with stirring for 36 hr. The mixture
was cooled, diluted with 200 ml of water, and filtered. The filtrate
was extracted with three 50-ml portions of benzene. The benzene
extracts were combined, washed successively with water and sat-
urated NaCl solution, and dried (CaCls). The solvent was re-
moved under reduced pressure to afford 4.5 g of a reddish oil. The
oil was taken up in 20 ml of n-hexane, placed on top of a column
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(30 x 50 mm) of Florisil, and eluted with n-hexane. The first cut
yielded, after removal of solvent, 0.9 g of 10 which was recrystal-
lized from methanol: mp 133-185°%; ir (mull) 1675 (m), 1585 (m),
1232 (m), 1222 (w), 1183 (s), 1153 (s), 1108 (m), and 1085 cm~1
(8): uv Amax (log ¢) 223 nm (4.331); nmr (CCls) 6 3.67 (s, 1) and
3.55 (s, 1).

Anal. Caled for CioHeClgO2: C, 27.19; H, 1.37; Cl, 64.20.
Found: C, 27.21; H, 1.48; Cl, 63.87.

Further cuts were evaporated to dryness and examined by in-
frared spectroscopy. While cuts 2 and 3 were mixtures, cuts 4 and
5 were different from 10. These cuts were combined and recrystal-
lized from aqueous methanol to afford 140 mg of 11: mp 148-150°;
ir (mull) 1655 (m), 1237 (m), 1189 (m), 1150 (m), 1080 (s), and
808 cm~1 (s); UV Amax (log €) 263 nm (4.319); nmr (CCly) & 3.53
(s).
Anal. Caled for Cy12H12ClgO4: C, 83.28; H, 2.79; Cl, 49.13.
Found: C, 33.05; H, 2.84; Cl, 48.97.

Octachlorobicyclo[3.3.0]octa-1,6-dien-3-one (8). To a solution
of 6.2 g (13.8 mmol) of 7 in 20 ml of dry dichloromethane was
added 1.0 g (7.5 mmol) of anhydrous aluminum chloride. The
mixture was stirred and gently refluxed under a nitrogen atmo-
sphere for 2 hr. The purple-brown slurry was cooled to room tem-
perature and poured into ice water. The dichloromethane layer
was separated ‘and the aqueous layer was extracted with two
50-ml portions of chloroform. The organic extracts were com-
bined, washed with water, and dried (MgSQy4). The solvent was
removed under reduced pressure to afford 3.64 g (92%) of 8 as a
buff-colored solid. Recrystallization from aqueous ethanol fur-
nished an analytical sample as colorless crystals: mp 97-99°; ir
(mull) 1770 (s), 1655 (m), 1580 (m), 1310 (m), 1230 (m), 1135 (m),
and 805 cm™1 (8); uv Amax (log ¢) 223 (4.065) and 262.5 nm
(3.889).

Octachlorobicyclo[3.3.0]octa-1,5-dien-3-one (9). To a solution
of 2.23 g (5.0 mmol) of 7 in 15 ml of dry dichloromethane was
added 0.67 g (5.0 mmol) of anhydrous aluminum chloride. The
slurry was stirred and gently refluxed for 5 hr. The dark green
reaction mixture was cooled to room temperature and poured into
20 ml of ice water. The organic layer was separated and the aque-
ous layer was extracted with two 50-ml portions of chloroform.
The organic extracts were combined, washed with water, and
dried (MgS0Oy,). Removal of the solvent afforded 1.8 g (95%) of 9
as a light brown oil that solidified on standing. An analytical
sample was prepared by recrystallization from aqueous ethanol:
mp 59-60°; ir (mull) 1770 (s), 1655 (m), and 1620 cm~1 (m); uv
Amax (loge) 271 (4.208) and 312 nm (4.064).

Anal. Calcd for CgClgO: C, 24.28; Cl, 71.68. Found: C, 24,26;
Cl, 72.00.

Under similar conditions 10 furnished 9 in 80% yield.

Isomerization of 8 by Anhydrous Aluminum Chloride to 9.
To a solution of 94.7 mg of 8 in 5 ml of dry dichloromethane was
added 400 mg of anhydrous aluminum chloride and the slurry
was heated at gentle reflux for 6 hr. The brownish reaction mix-
ture was quenched with water. Work-up as usual afforded 83.0 mg
of 9, mp 59-60°.

Chlorination of 8 with Phosphorus Pentachloride. A mixture
of 0.4 g of 8 and 1.4 g of phosphorus pentachloride was sealed in a
glass tube and heated at 160° for 9 hr. The tube was cooled,
opened, and treated with water to decompose the phosphorus
halides. The organic products were taken up in 10 ml of carbon
tetrachloride. The extract was dried (NaeSQOy4) and concentrated
to one-third of its original volume. Glpc analysis indicated the
presence of 1 and 6 in the ratio 1:2.5.

Hexachlorobicyclo[3.3.0]octa-1,5-diene-3,7-dione (12). To a
1.0-g sample of 9 was added 10 ml of concentrated sulfuric acid
and the slurry was stirred at 70-80° for 2 hr under a nitrogen at-
mosphere. The clear red-brown solution was cooled to room tem-
perature and poured onto 200 g of cracked ice. The precipitated
solid (0.85 g, 99%) was removed, dried, and recrystallized from
n-hexane to afford colorless crystals of 12: mp 182-184°; ir (mull)
1764 (s) and 1630 cm~1 (m); uv A yax (loge) 300 nm (4.282).

Anal. Caled for CgClgOg: C, 28.20: Cl, 62.42. Found: C, 27.73;
Cl, 62.70.

In an alternate synthesis of 12 a 16-mg sample of 11 in 3 m] of
dry dichloromethane was treated with a catalytic amount of an-
hydrous aluminum chloride. The mixture was gently refluxed for
2 hr, cooled, treated with a few drops of water to decompose the
complex, and worked up as usual to give 12 in about 85% yield.
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