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Abstract-The reactivity of hexabromocyclopentadiene (1) as a diene in the Diels-Alder reaction has 
been determined with a number of dienophiles. The results of the present study show that 1 behaves as 
an electron-poor diene in that cyclopentadiene is a more reactive dienophile than maleic anhydride. 
Qualitatively, 1 has been found to be a less reactive diene than hexachlorocyclopentadiene. Several 
new Diels-Alder adducts of 55dibromo-1,2,3&tetrachlorocyclopentadiene are also reported. 

Since Diels and Alder correctly formulated in 1928 
the reaction between a conjugated diene and an 
olefin, the Diels-Alder reaction has become one 
of the most fundamental and useful reactions avail- 
able to the synthetic organic chemist. The mechan- 
ism of this reaction, which has enticed the curiosity 
of many, still remains an area of active research.* 
In addition to the better understanding of the re- 
action that has been obtained from these mechan- 
istic studies, the reaction has also found utility in 
the development of physical organic chemistry as 
exemplified by the development of a solvent polar- 
ity scale by Berson et aL3 

Our interest in the Diels-Alder reaction origin- 
ated from our studies on the chemistry of hexa- 
bromocyclopentadiene (1). No detailed investiga- 
tion of the reactivity of 1 as a diene had been 
reported in the literature although several adducts 
of the analogous chlorine compound, hexachloro- 
cyclopentadiene, which has been studied in great 
detaiL4 have found commercial utility either as 
insecticides or as components of fire retardant 
polyesters.5 At the time that we initiated our 
studies, there did not appear to be any authentic 
examples of the Diels-Alder reaction of 1, although 
the chemistry of 1 is often taught in the abundant 
patent literature of hexachlorocyclopentadiene.4 
Robitschek and Bean6 have claimed the synthesis 
of the Diels-Alder adducts of 1 with maleic an- 
hydride and 2-buten- 1 ,Cdiol but experimental 
methods and physical properties were not reported. 
The synthesis of 2 from 1 and cyclopentadiene has 
been reported.7 

*To whom inquiries should be addressed. 

During the course of this study, Marvel and 
Kovacss reported the synthesis of 1,4,5,6,7,7- 
hexabromobicyclo-2,2,1 -heptene-2-carboxylic acid 
(3) from acrylic acid and 1 and, a brief study was 
published on the reaction of hexahalocyclopenta- 
dienes with long-chain olefins.g 

DISCUSSION 

The initial experiments on the Diels-Alder 
reaction of 1 were carried out with maleic anhydride 
since this dienophile is known to condense readily 
with hexachlorocyclopentadiene.‘O Although the 
Diels-Alder reaction of 1 with maleic anhydride 
to give 4 proceeded slowly in refluxing benzene 
or toluene, the higher boiling chlorobenzene 
was found to be a more satisfactory solvent. 
With maleimide, the Diels-Alder reaction of 1 
proceeded smoothly in refluxing chlorobenzene to 
give 5. 
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p-Benzoquinone and dimethyl acetylene dicarh- 
oxylate with 1 gave the Die&Alder adducts 6 and 
7 respective&. No attempt was made to optimize 
the yields of these dienophiles. 

6 
7 

The p-benzoquinone adduct, 6’was found difficult 
to purify. Perhaps this was due to the cyclopenta- 
diene-quinone photoisomerization reaction which 
has been described by Cookson.” 5,5Dibromo- 
1,2,3,4-tetrachlorocyclopentadiene (9)12 also gave 
Diels-Alder adducts with p-benzoquinone, di- 
methyl acetylene dicarboxylate, maleimide and 
maleic anhydride (Table 1). 

Any study on the Diels-Alder reaction of hexa- 
bromocyclopentadiene would be incomplete with- 
out determining its classification as either an 
electron-rich 0~ an erectron-pow diene.* Hexa- 
chlorocyclopentadiene, which is an electron-poor 
diene, reacts some 500 times faster with the 
electron-rich dienophife, cyclopentadiene than 
with the electron-poor dienophile, maleic an- 
hydtie. Tne reaciiton ch I anh ~~tquertratirene 
in rt?TLg& ~~@szP, 4rrs ~?Jv_+s Tcmp&& f&. *+, 2 
as a pale yellow solid, m.p. 144-145”. We have 
been unable to prepare 2 by this procedure or at 
vat&Us temperature5beYween \2V anb Y&V, HDw- 

ever, using mild conditions (-So, two weeks) in 
order to minimize the dimerization of cyclo- 
pentadiene, we have obtained a product, m.p. 
> 22V <a&j whose mass specIrum and er?errren& 
analysis were consistent with a Diels-Alder a&&t 
of c~&‘p&z&&ife 2& r {See b&c@. s,s-Lti- 
bromo- 1,2,3,4-tetrachlorocyclopentadiene was 
also found to react with cyclopentadiene under 
similar conditions. Only starting materials can be 
recovered from solution of maleic anhydride and 1 
under con&ons ibenticrh 9or tie prepm$on ~5 2. 
These resulb demons~rab that 1, likebexacbIor#- 
cyclopentadiene is an electron deficient diene in 
the IDiets-Alder reaction, 

The NMR analysisI of the hexabromocyclo- 
pentadienecyclopentadiene adduct is of interest 
since four possible structures exist, i.e. the exo 
and endo adducts of 2 and 8. 

The analysis of a 100 MHZpMR spectrum of the 
C10H6Br6 adduct allowed an unambiguous differ- 
entia&w &&?~J%T Z a& $: T& @timi+ fiTtim 
are easily identified from the chemical shifts and 
the large coupling constants of - 18.4 Hz. The 
methine and the olefinic protons are also easily 

identified from their chemical shifts. The coupling 
constant between the two methine protons was 
found to be 8.5 Hz, which is expected for the vicinal 
coupling constant in 2, but completely unreason- 
able for the corresponding coupling in 8. 

Qualitatively, hexachlorocyclopentadiene ap- 
pears to be a more reactive diene than hexabromo- 
cyclopentadiene. When allowed to react with 
maleimide under identical conditions for one 
hour (Experimental), hexachlorocyclopentadiene 
gave a 33% yield of the adduct compared to 26% 
for he;uabr~mocyd~pentadiene. After 2 hours Ihe 

yields were 46 and 40% respectively. These results 
are in good agreement with those of Lyon et al.’ 
who found the second-order constants to be 
3.5 X lo+’ l/mole sec. for hexabromocyclopenta- 
diene and 5.3 X 10-61/mole sec. for hexachloro- 
cyc~opentadiene toward long chain alkenes in the 
DieIs-Akkrreacti0n. 

EXPERIMENTAL 

The NMR spectra were obtained with a Varian A-60 
~~~1rrpihntrr~~- wirg ITWS 65= dir hmrd &dim? 
iik spectra were dorimeh on a Bedicmann iYG> spedrro- 
meter. The mass spectra were obtained with a CEC 21- 
110B (Direct Probe) instrument. All m.ps were taken on 
a Tk55ax-%mi%-i m*. a>pa\mx am&a5% ui%Qxs&_&. 
Fisher “Certified” maleic anhydride was found to be of 
satisfactory purity for the Die&Alder reaction. 

Hexabromocyclopentadiene (1). This material was 
pqared fram either c~clapentadiene and sodhum hypa- 
bromitei4 or from hexachlorocyclopentadiene and boron 
tribromide as described.15 In both cases the crude re- 
atikm protkoc-i was gcrrified by Yihration Yirrougb sikiml 
gel followed by recrystallization from MeOH to give 
material, m.p. 86-88”. 

5,5-Dibromo-1,2,3,4tetrachlorocyclopentadiene (9). 
This material was prepared by a modification of the pro- 
cedure reported. I2 Tetrachlorocyclopea~dieae @O-O & 
d f4rmofj was cdksolted oh oenzene-oiinentp(rkmamr& 
(90: 10) and N-bromosuccinimide (52.3 g, (I.294 mol) was 
added to the soln. The mixture was heated to reflux. After 
3-5 .miq &ss&inr\ .o~Shr _N-hrSmSi%wSkiaGS&~ _taks?J 
place. The reaction was refluxed for an additional 20 min, 
cooled to room temp and diluted with 500 ml water. The 
organic layer was separated and washed with an addition- 
al 500 ml warm water, dried and the benzene removed in 
‘z,ac ti0 t0 g&e 51,-O g 05 p-i~&z~ wk~i& was rwt-&kteb 
with a trace ofa carbonyi material @reseumabiy succin- 
imide). Attempts to remove this by distillation alone were 
unsuccessthf. Pure materialwas obtainedby recrystaIliza- 
tion (O” or less) from MeOH. The product obtained in 
this manner is a pale yellow solid and melts at room 
temp. 



Reaction of hexahalocyclopentadienes with maleimide. “J. Sauer, Angew. Chem. 78,233 (1966); Ibid. Intemat. 
Maleimide (2.43 g, 0.025 mol) and hexabromocyclopenta- Edit. 5,211(1966), 
diene (13.49g, 0.025 mol) were heated in refluxing toluene “J. Sauer, Ibid. 79, 76 (1967); Ibid. Intemat. Edit. 6, 16 
(30 ml) for 60 min. The reaction was cooled to room temp (1967), 
or less by a dry-ice acetone bath and the ppt removed by “W. C. Hemdon and L. H. Hall, Tetrahedron Letters 
filtration to give 11.48 g of solids (mixture of product and 3095 (1967) 
starting materials). The unreacted maleimide was re- 3J. A. Berson, Z. Hamlet and W. A. Mueller, J. Am. 
moved by vacuum drying and, the hexabromocyclo- Chem. Sot. 84,297 (1962) 
pentadiene by washing with hexane to give 5.33 g (26%) The number of U.S. Patents concerning the chemistry 
of 9. The material balance of hexabromocyclopentadiene of hexachlorocyclopentadiene exceeds four hundred. 
was greater than 95%. Under identical conditions, hexa- For review articles, see reference 5 
chlorocyclopentadiene and maleimide gave a 33% gield 5”A. S. Onishchenko: Diene Synthesis. Translated 
the corresponding adduct. After 120 min the yield of 9 from the Russian by Israel Program for Scientific 
increased to 40% and the yield of the adduct of hexa- Translations. Jerusalem 1964: available throuah Old- 
chlorocyclopentadiene increased to 46%. boume Press, London; 

Reaction of 1,2,3,4-TetrahaloJ,5-dimethoxycyclo- *H. E. Ungnade and E. T. McBee, Chem. Reo. 58, 
pentadienes with maleic anhydride. Maleic anhydride 249 (1958) 
(0.5 g, 0@05 mol) and 1,2,3,4-tetrabromo-5,5-dimethoxy- BP. Robitschek and C. T. Bean, U.S. Patents 2,779,701 
cyclopentadiene (2.26 g, 0805 mol) were refluxed in (1957) and 3,007,958 (1961) 
toluene for lOOmin. The reaction was cooled to room ‘“R. Reimschneider and B. E. Grabitz, Monatsh. Chem. 
temp or less by a dry ice acetone-bath and the ppt re- 91,22 (1960); 
moved by t’lhration and dried to give 1.97 g (71%) of *S. H. Herzfeld, R. E. Lidov and H. Bluestone. U.S. 
1,4,5,6-tetrabromo-7-oxo-dimethyl acetal-5-norbomene- 
2,3-dicarboxylic anhydride.’ Evaporation of the mother 

Patent 2,606,9 10 (1952) 

liquor gave only recovered starting material. The material 
8J. Kovacs and C. S. Marvel, J. Polym. Sci. 5, 1279 

balance for the reaction was greater than 92%. 
(1967) 

Under identical conditions, 1,2,3,4-tetrachloro-5,5- 
%. K. Lyon, G. Fuller and T. H. Applewhite, J. Am. 

dimethoxycyclopentadiene and maleic anhydride gave 
Oil Chem. Sot. 44,740 (1967) 

a 74% 1,4.5.6-tetrachloro-7,7-dimethoxv-5-norbomene- 
“‘E. A. Prill, J. Am. Chem. So& 69,62 (1947) 

2,3-dicarboxylic anhydride .I6 The material balance was 
“R. C. Cookson. E. Crundwell. R. R. Hill and J. Hudec. 

better than 95%. 
J. Chem. Sot. 3062 (1964) 

“A. Roedig and H. Ziegler, 2. Naturforsch. 166, 279 
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