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Reactions of Cyclo-octatetraene and its Derivatives. Part V.l Addition 
of Bromotrichloromethane, Carbon Tetrachloride, and Thiophenol to 
Tricyclo [4.2.2.0ass]deca-3,7-d iene-9,I O-dicarboxyl ic Anhydride 
By Gordon 1. Fray and Graham R. Geen, School of Chemistry, The University, Bristol BS8 ITS 

David 1. Davies,' Leonard T. Parfitt, and Maxwell J. Parrott, Department of Chemistry, King's College, 
Strand, London WC2R 2LS 

The free radical addition of bromotrichloromethane and carbon tetrachloride to tricyclo[4.2.2.02~6]deca-3,7-diene- 
9.1 O-dicarboxylic anhydride (I) results in trans-addition to the cyclobutene double bond. The structures (VIa) 
and (VIb) proposed for the products are based on n.m.r. studies of the adducts and various related compounds ; 
by analogy structure (VIc) is suggested for the thiophenol adduct. 

FOLLOWING the examination (at King's College) of free 
radical additions to norbornene,2 bicycl0[2.2.2]0ctene,~ 
and related systems, we have investigated similar re- 
actions with the cyclo-octatetraene-maleic anhydride 
adduct t ricyclo [4.2.2.029 6] deca-3,7-diene-9,1O-dicarb- 
oxylic anhydride (I) .* 

Bromotrichloromethane, carbon tetrachloride, and 
thiophenol each formed a 1 : 1 adduct with compound (I), 
and the n.m.r. spectra of the adducts indicated that 
addition had taken place on the cyclobutene double bond 
(see below), which is also the site of attack in non-radical 
additions4+ Initial attack of a free radical R* on com- 
pound (I) to give the intermediate (11) might have been 
expected to lead to products derived from a rearranged 
radical (111) or (IV), particularly in view of the ready 
photochemical conversion (I) + (V) and the forma- 
tion of ' half-cage ' products in the bromination of (I) 
and related compounds.6JJ However, the adducts could 
be assigned structures (VIa), (VIb), and (VIc) severally, 
on the following evidence. 

The n.m.r. spectrum (100 MHz) of the bromotrichloro- 
methane adduct (VIa) showed a multiplet due to two 
vinylic protons at T 3.2-3.7. In the region T 5.0-5.35 
there was a complex, asymmetrical multiplet (lH), 
which could be assigned to H-4, since in the products of 
1,2-addition of bromotrichloromethane to olefins the 
proton adjacent to bromine invariably produces a signal 
at lower field than the >CHCCl, re~onance.~ Support 
for this assignment was provided by dehydrochlorina- 
tion of the adduct (VIa) with methanolic potassium 
hydroxide to afford a product (VII),? the n.m.r. spectrum 
of which also showed an asymmetrical multiplet, a t  T 
5.0-5-35 ()CHBr). When the spectrum of the adduct 
(VIa) was recorded at 220 MHz, a great simplification 
of the multiplets due to  H-4, H-7, and H-8 was observed. 
The vinylic protons now resonated as separate ' triplets,' 
J 7 Hz; this splitting is consistent with the proposed 
structure (VIa), but not with an isomer having the double 

t Base-catalysed inversion of either of the carboxy-groups may 
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bond in the four-membered ring.10 The H-4 resonance 
also appeared as a ' triplet,' J 7.5 Hz, but unfortunately 
it was not possible to use this information to deduce the 
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stereochemistry of H-4. Studies of cyclobutane deriva- 
tives have shown no clear correlation between the 
coupling constants and the cis or trans relationship of 
vicinal protons,ll and furthermore, long-range couplings 
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such as 2,4-exo (or -endo) and 6,4-exo (or -endo) would be 
expected to be negligible since the four intervening Q- 

bonds are not coplanar; thus the presence or absence of 
such couplings cannot help in the determination of the 
configuration of H 4  (or H-3). However, the stereo- 
chemistry at C-3 and C-4 was deduced from chemical 
shift studies, as described below. 

TABLE 1 
Chemical shifts (7) for H-3, H-4, H-7, and H-8 in the bromo- 

trichloromethane adduct (VIa) and the cis- and trans- 
dibromides [(VIII) and (VId) [from 100 MHz spectra; 
solutions in (CD,)2SO] 

, Chemical shift 

Compound H-7 H-8 H-4 H-3’ 
3-35 3.65 6.2 6.6 
3.4 3.6 6.0 5-7 

( V W  
( V W  , , , * , 

(VIW 3.5 (2H) 5.6 (2H) 

In Table 1, the chemical shift values for H-3, H-4, 
H-7, and H-8 in the bromotrichloromethane adduct (VIa) 
are compared with those in the cis- and trans-dibromides 
(VIII) and (VId).6 It would be expected that, in the 
trans-dibromide (VId), the resonance of the exo-proton 
at C-4 would occur at lower field than that of the C-3 
endo-proton (which is situated in the shielding zone of 
the double bond), and that H-7 would be deshielded by 
the endo-bromine atom at C-4. From Table 1 it could 
be concluded that the C 4  bromine atom in compound 
(VIa) has the endo-configuration, and it was reasonable to 
assume an exo-configuration for the trichloromethyl 
group, which would result from initial attack by the 
trichloromethyl radical on the less hindered exo-face of 
the cyclobutene double bond. Chain transfer from the 
intermediate radical (11; R = exo-CC1,) evidently takes 
place from the endo-direction, leading to the trans- 
adduct (VIa), presumably because the alternative mode 
is greatly hindered by the bulk of the exo-trichloromethyl 
group. By analogy, the products of the addition of 
carbon tetrachloride and thiophenol were formulated as 
(VIb) and (VIc) respectively. Confirmation of these con- 
clusions was obtained by the following series of structural 
transformations of the adducts (VIa) and (VIb). 

The anhydride (VIb) was converted into the dimethyl 
ester (IXa), which on treatment with trifluoroperacetic 
acid in the presence of sodium carbonate12 gave 
the epoxy-dimethyl ester (X); the oxiran ring could be 
assigned u-stereochemistry l3 by analogy with related 
compounds.13J4 Hydrolysis of the epoxy-dimethyl 
ester (X) with 45% aqueous trifluoroacetic acid gave a 
hydroxy-lactone-carboxylic acid, formulated as (XIa) 
on the assumption that the hydroxy-group had been 
introduced at  C-8 with P-stereochemistry ; an or-con- 
figuration could result only from an abnormal hydrolytic 
opening of the oxiran ring in (X), and moreover would be 
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expected to  lead to a dilactone under the reaction condi- 
tions. The product (XIa) could also be obtained directly 
from the anhydride (VIb) by reaction with 85% aqueous 
hydrogen peroxide in trifluoroacetic acid, followed by 
dilution with water and heating under reflux. The 

C l 3 C  
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a; R 1  = C C l 3 , X  = C l , R 2  = Me 

c;  R1 = CCl3 ,  X = B r , R z  = Me 
b; R’ = C O 2 H j X  = C L j R 2  = H 

C l3C 
I 

R’ 
I 

2 R 2  

a ; X  = C1,R = H a; R r  = CCL3,X = C l , R 2  = Me 
b; X = C1,R = Me b j  R1 = C 0 2 H J X  = C L , R 2  = H 
c; X = Br,R = Me c ;  R1 = CCL,,X = B r , R z  = Me 

hydroxy-lactone-carboxylic acid (XIa) was converted 
into the methyl ester (XIb), and oxidation with Jones 
reagent l 6  then afforded the keto-lactone-methyl ester 
(XIIa). The anhydride (VIb), on reaction with con- 
centrated sulphuric acid followed by treatment with 
water, gave the tricarboxylic acid (IXb) ; attempted 
oxidative degradation of this with concentrated nitric 
acid (cf. ref. 16) led to a product for which structure 
(XIIb) is suggested. 

In another series of experiments the bromotrichloro- 
methane adduct (VIa) was converted into the dimethyl 
ester (IXc), which on prolonged treatment with trifluoro- 
peracetic acid (in the absence of sodium carbonate) 
gave the hydroxy-lactone-methyl ester (XIc) directly; 
this was then oxidised to the keto-lactone-methyl ester 

The n.m.r. spectra of these transformation products 
of the adducts (VIa) and (VIb) confirmed the proposed 
stereochemistry at C-3 and C-4. The endo-configuration 
of H-3 results in shielding by the olefinic bond in the 
unsaturated dimethyl esters (IXa) and (IXc), and by the 
carbonyl group in the keto-lactone-methyl esters (XIIa) 
and (XIIc), as indicated by the chemical shift values 
given in Table 2. An exo-configuration for H 4  is con- 
sistent with the relatively small variations in its chemical 
shift for compounds in this series. As a corollary it 
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should be noted that the observed shielding of H-3 in the 
keto-lactone-methyl esters (XIIa) and (XIIc) confirms 
the position of the keto-group with respect to this proton, 
and hence the position of the hydroxy-group in the 
hydroxy-lactone-methyl esters (XIb) and (XIc). 

TABLE 2 
Chemical shifts (2) for H-3 and H-4 in the dimethyl esters 

(IXa) and (IXc) and their transformation products 
(from 100 MHz spectra; solutions in CDC1,) 

Chemical shift 
I 

L > 
H-4 H-3 
5.4 6-65 

CW. 5.25 a 6-25 
6-2 (6-6) a,b 
5.3 6-66 
6.2 6.1 
5-15 (6.6) 0.) 

5-25 ca. 6.3 a 

0 Overlapping resonances prevented a more precise deter- 
mination. b Figures in parentheses are minimum T values. 

EXPERIMENTAL 

Unless stated otherwise, n.m.r. spectra were measured in 
CDCI, a t  100 MHz; i.r. spectra were recorded for Nujol 
mulls. The following compounds were prepared by the 
published method : tricyclo[4.2.2. 02, s] deca- 3,7-diene- 9,lO- 
dicarboxylic anhydride (1),17 cis-exo-3,4-dibromotricyclo- 
C4.2.2 .O2$S]dec-7-ene-9, 1 0-dicarboxylic anhydride (VIII) ,5 

and trans-3,4-dibromotricyclo[4.2. 2.02. 5] dec-7-ene-9,l O-di- 
carboxylic anhydride (VId) .I7 

Addition of Bromotrichloromethane to Tricyclo[4.2.2. 02* 51- 

deca-3,7-diene-9,lO-dicurboxyZic Anhydride (I) .-The an- 
hydride (I) (3.6 g) in bromotrichloromethane (50 ml) was 
heated a t  80" for 90 h in the presence of benzoyl peroxide 
(0.01 g). The solvent was evaporated off and the residue 
taken up in benzene (20 ml). The addition of light petrol- 
eum (b.p. 40-60") precipitated white crystals] which were 
recrystallised from acetone-light petroleum to afford 4-endo- 
brorno-3-exo-trichloromethyltricyclo[4.2. 2.023 5]dec-7-ene-9, 10- 
dicarboxylic anhydride (VIa) (4.9 g), m.p. 1 9 6 1 9 5 "  (Found: 
C, 39.1; H, 2.4. Cl,H,,BrC1,O, requires C, 39.0; H, 2-5%), 

and 74-7.6 (2H). 
Addition of Carbon Tetrachloride to the Anhydride (I) .-A 

solution of the anhydride (I) (5.0 g) and benzoyl peroxide 
(0-1 g)  in carbon tetrachloride (350 ml) was boiled under 
reflux for 48 h. Evaporation of the solvent, followed by 
recrystallisation of the residue from chloroform-ether, 
yielded 4-endo-chlo~o-3-exo-trichZoromethyZtricyclo[4.2.2.0~~~] - 
dec-7-ene-9,lO-dicarboxyZic anhydride (VIb) (6.2 g), m.p. 
175-176' (Found: C, 43.7; H, 2.7; C1, 39.3. CISHl,CI,O, 
requires C ,  43.85; H, 2.8; C1, 39-8%), T (60 MHz) 3.1- 
3.75 (2H), 5-15-5-5 (lH),  6-3-6-95 (5H), and 7.0-7.25 

Addition of Thiophenol to the Anhydride (I).-A mixture 
of the anhydride (I) (1.0 g), thiophenol (0.5 g), benzoyl 
peroxide (0.05 g), and benzene (15 ml) was boiled under re- 
flux for 72 h. The resulting solution was washed with 
10% sodium hydroxide solution (3 x 10 ml), then with 
water (3 x 25 ml), and was dried (MgSO,). The solvent 
was removed by evaporation, and the residue recrystallised 
from benzene-light petroleum (b.p. 60-80') to afford 
3-exo-phenylthiotricyclo L4.2.2. 0 2 s  7 dec-7-ene- 9 , l  O-dicarboxylic 

T [(CD,),SO] 3.2-3.7 (ZH), 5.0-5.35 (lH), 6.4-7.1 (5H), 

(2H). 

anhydride (VIc) (0.94 g), m.p. 174-176" (Found: C, 68.8; 
H, 5.5. C,,H,,O,S requires C, 69.2; H,  5.2%), T (220 

(2H, apparent s), 7.3-7.55 (2H), and 7-8-8.05 (2H). 
Dehydrochlorination of the Bromotrichloromethane Adduct 

(VIa) .-The adduct (VIa) (0.50 g)  was heated with a solution 
of potassium hydroxide (0.23 g) in methanol (5 ml) under 
reflux overnight. The product was poured into water (20 
ml) , acidified with hydrochloric acid, and extracted with 
ether. The extract was washed with water, dried, and the 
solvent evaporated to afford 4-endo-bromo-3-diclzloromethyl- 
enetricycl0[4.2.2.0~~~]dec-7-ene-9,lO-dicarboxylic acid (VII) 
(410 mg), m.p. 106-110" (from ether) (Found: C, 40.8; H, 
3-0. C,,Hl,BrC120, requires C, 40.5; H, 2.8%), T [(CD3)2- 
SO] 3.2-3.8 (2H), 5.0-5.35 (lH),  6.5-7-3 (5H), and 7.4- 
7.6 (1H). 

Dimethyl 4-endo-ChZoro-3-exo-trichloromethylt~icyclo- 
[4.2.2. 02~S]dec-7-ene-9-endo, 10-endo-dicarboxyZate (IXa) .- 
Treatment of the carbon tetrachloride adduct (VIb) with 
methanolic sulphuric acid under reflux gave the dimethyl 
ester (IXa), m.p. 135-136" (from methanol) (Found: C, 
44.7; H, 4-1; C1, 35.2. C15H,,CI,0, requires C, 44.8; H, 
4.0; C1, 35.3%), vmX. 1732 cm-l, T 3-3-3-7 (2H), 5-25-5.55 

(2H), and 7.15-7-4 (2H). 
Dimethyl 4-endo-Chloro-7~, 8a-epoxy-3-exo-trichloro- 

methyZtricyclo[4.2. 2.02* 6]decane-9-endo, LO-endo-dicarboxylate 
(X) .-Trifluoroperacetic acid [from hydrogen peroxide 
(0.7 ml; 85%) and trifluoroacetic anhydride (7 ml)] in di- 
chloromethane (10 ml) was added in portions to an ice-cold 
solution of the unsaturated dimethyl ester (IXa) (0-50 g)  
in the same solvent (15 ml) containing anhydrous sodium 
hydrogen carbonate (1.5 g). The mixture was kept in the 
refrigerator overnight and then maintained a t  room 
temperature for 24 h. The mixture was filtered, and the 
filtrate evaporated under reduced pressure to afford a 
residue which was crystallised from methanol to give the 
epoxy-dimethyl ester (X) (0.36 g), m.p. 190.5-191-5" (Found: 
C, 42-8; H, 4.0; C1, 33.9. C15H,,C1,06 requires C, 43.1; H, 
3.9; C1, 33.9%), vmx. 1747 and 1735 cm-l, T 5.15-5.4 (lH),  
6.05-6.45 (9H), 6-65-6-85 (ZH), and 7.0-7.6 (5H). 

4-endo-ChZor0-7~, 8~-dihydroxy-3-exo-trichZoromethyZtri- 
cycZo[4.2.2.02, 5]decune-9-endo, 10-endo-dicarboxylic Acid 10,7- 
Lactone (XIa) .-Hydrogen peroxide (1 ml; 85%) was 
added to a solution of the carbon tetrachloride adduct 
(VIb) (1-5 g)  in trifluoroacetic acid (15 ml), and the mixture 
kept a t  room temperature for 24 h. Water (10 ml) was 
then added and the mixture heated under reflux overnight. 
The resulting crystalline solid was filtered off, washed with 
methanol, and recrystallised from tetrahydrofuran to give 
the hydroxy-Zactone-carboxylic acid (XIa) (0.62 g), m.p. 
279-280" (decomp.) (Found: C, 40.25; H, 3-1; C1, 36-1. 
C1,Hl2Cl,O5 requires C, 40.0; H, 3.1; C1, 36.3%), v- 3240, 
1800, and 1697 cm-l. 

The hydroxy-lactone-carboxylic acid (XIa) was also 
obtained from the epoxy-dimethyl ester (X) by treatment 
with aqueous trifluoroacetic acid (45%) under reflux for 
23 h. 

Methylation of the hydroxy-lactone-carboxylic acid (XIa) 
with diazomethane in ether-tetrahydrofuran gave the 
methyl ester (XIb), m.p. 258-259" (decomp.) (from acetone- 
methanol) (Found: C, 41-75; H, 3.7; C1, 35.2. C,,H,,Cl,05 
requires C, 41-6; H, 3-5; C1, 35-1%), vmT. 3380, 1794, and 

l7 W. Reppe. 0. Schlichting, W. Klager, and T. Toepel, 
Amalen, 1948, 560, 1. 

MHz) 2.6-3.0 (5H), 3.45-3-65 (2H), 666-6.8 (3H), 7.05 

(lH), 6.39 (6H, s ) ,  6.5-6.7 (IH), 6.7-6'95 (2H), 6.95-7.15 
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1710 cm-l, 7 45-47 (lH),  5.0-5.55 (3H), 6.1-6.35 (4H), 
6.75-7-4 (GH), and 74-7-6 (1H). 

4endo-Chloro-9-endo-methoxycarbonyl- 8-oxo-3-exo-tri- 
chloromethyltricyclo[4.2.2. 02' 61decan- 1 O-endo, 7a-olactone 
(XIIa) .-The hydroxy-lactone-methyl ester (XIb) (170 mg) 
was dissolved in acetone (10 ml) and a solution of chromium- 
(VI) oxide in aqueous sulphuric acid (Jones reagent 15) was 
added dropwise, with stirring, until an excess was present. 
The resulting mixture was diluted with water and extracted 
with dichloromethane (3 x 20 ml). The solution was dried 
(MgSO,), solvent removed by evaporation, and the residue 
recrystallised from methanol to afford the keto-lactone- 
methyl ester (XIIa) (140 mg), m.p. 232-234" (decomp.) 
(Found: C, 42.1; H, 3.3; C1, 35.7. Cl,H,,Cl,05 requires 
C, 41.8; H, 3-0; C1, 35-3%), v- 1809, 1757, and 1713 cm-l, 
T 4.90 (lH, d, J 4.5 Hz), 5.05-5-35 (lH),  6.31 (3H, s), and 
6.567.2 (7H). 

4-endo-Chlorotricyclo[4.2.2. 02* 5]dec-7-ene-3-exo, 9-endo, 10- 
endo-tricarboxylic Acid (IXb) .-The carbon tetrachloride 
adduct (VIb) (1.0 g) was dissolved in warm concentrated sul- 
phuric acid (10 ml), the solution heated on a steam-bath 
for 1 h, and hydrogen chloride was evolved. The solution 
was poured into ice-water and the precipitated product 
filtered off, washed with water, and recrystallised from a 
large volume of water to afford the chlorotricarboxylic acid 
(IXb) (0.74 g), m.p. 230-231O (decomp.) * (Found: C, 
52.0; H, 4.4; C1, 12.0. C13H13C106 requires C, 51.9; H, 
4-4; C1, 1143o/d), v- 1730 and 1687 cm-l. 

Nitric Acid Oxidatzon of the Chlorotricarboxylic Acid (IXb). 
-A mixture of the chlorotricarboxylic acid (IXb) (3.1 g)  
and concentrated nitric acid (15 ml) was heated on a steam- 
bath until the evolution of nitrous fumes had ceased (ca. 2 h) . 
Water (20 ml) was then added and the solution evaporated 
to dryness. The residue was successively crystallised from 
aqueous acetone and aceton+benzene to afford 4-endo- 
chlwo-7p- hydroxy-8-oxot~icycZo [4.2.2. 02' 7 decane-3-exo,9- 
endo, 10-endo-tricarboxylic acid 10,7-lactone (XIIb) (0.57 g), 
m.p. 297-298" (decomp.) (rapid heating) (Found: C, 
49.6; H, 3.6; C1, 11.1. Cl3H1,C10, requires C, 49.6; H, 
3-5; C1, 11.3%), v,, 1800, 1758, 1741, and 1710 cm-l. 

Methylation of the dicarboxylic acid (XIIb) with diazo- 
methane in ether-methanol afforded the dimethyl estev, 
m.p. 235-236' (from methanol) [Found: C, 52.3; H, 4-5; 
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CI, 10.4%; M (mass spectrum), 342. C,&,&1O, requires 
C, 52.55; H, 4.4; C1, 10.35%; M (35Cl) 3421, V- 1800, 
1750, and 1720 cm-l, T [(CD,),SO] 4-8-52 (2H), 6-38 (3H, 
s), 6.46 (3H, s), and 6.5-7.35 (7H). 

[4.2.2. 02*5]dec-7-ene- 9-endo, 1 O-endo-dicarboxylate (IXc) .- 
The bromotrichloromethane adduct (VIa) on treatment 
with refluxing methanolic sulphuric acid overnight gave the 
dimethyl ester (IXc) , m.p. 138-139' (from methanol) 
(Found: C, 40.1; H, 3.3. C1,Hl,BrCl,O, requires C, 40-3; 
H, 3-6%), v,, 1732 crn-l, T 3-15-3.6 (2H), 5.15-5.4 (lH),  

(ZH), and 7.1-7.35 (2H). 
4-endo-Bromo-8~-hydroxy-9-endo-nzethoxycarbo~yZ-3-exo- 

trichloronzethyltricyclo[4.2.2. 02~5]decane- 10-endo, 7a-olactone 
(XIc) .-Trifluoroperacetic acid [from 85% hydrogen 
peroxide (0.5 ml) and trifluoroacetic anhydride (5 ml)] 
in dichloromethane (5 ml) was added to an ice-cold solution 
of the unsaturated dimethyl ester (IXc) (0.40 g) in the same 
solvent (15 ml). The mixture was kept overnight in the 
refrigerator and then at  room temperature for 7 days. 
Evaporation of the solvent under reduced pressure followed 
by crystallisation of the residue from methanol yielded the 
hydroxy-Zactone-methyl ester (XIc) (0.26 g) ,  m.p. 244-245" 
(Found: C, 37.8; H, 3.3; halogen, 40.8. C14H14BrCl,0, 
requires C, 37.5; H, 3.15; halogen, 41.5%), v,, 3380, 
1794, and 1710 cm-1, T 4-354.55 (lH),  5.05-5-3 (2H), 
5-3-5-55 (lH),  6.0-6.3 (4H), 6.7-7.35 (5H), and 7.4-7.55 

4-endo-Bromo-9-endo-methoxycarbonyE8-oxo-3-exo-tri- 

Dimethyl 4-endo-Bromo-3-exo-t~ichloromethyltricyclo- 

6.40 (6H, s), 6.4-6.65 (lH),  6.65-6.85 (2H), 6.85-7.1 

(W. 
chloromet hyltricyclo[4,2. 2.0a9 7decane- 10-endo ,7a-olactone 
(XIIc) .-Treatment of (IXc) with Jones reagent 15 as de- 
scribed for (IXb) gave the keto-lactone-methyl ester (XIIc) , 
m.p. 225-226O (from methanol) (Found: C, 37.3; H, 2.5; 
halogen, 41.5. C14Hl,BrC130, requires C, 37-65; H, 2.8; 
halogen, 41.7%), v- 1800, 1746, and 1715sh cm-l, T 4-80 
(lH, d, J 4.5 Hz), 5.05-5*3'(1H), 6.30 (3H, s), and 6.55-7-0 
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(7H). 

* The m.p. varied with the rate of heating. The value above 
was obtained when the sample was heated rapidly to 228", and 
then at 1" min-l. 




