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Cbndensation of cinnamuldehyk with @-methylglulaconatc. 
The directions given previously' gave yellow crystals, m.p. 
205' dec. (on a heated metal surface). Several recrystalliza- 
tions from aqueous methanol gave yellow needles, m.p. 207' 
dec. (capillary); m.p. 228' dec. (metal surface) of Pcarboxy- 
3-methyl-7-phenyl-2,4,6-heptatrienoic acid (111. R = H). 

Anal. Calcd. for c&&: Neut. equiv. 258.3. Found: 
Neut. equiv. 261. 

The di(n-butylamine) salt was prepared as described pre- 
viouslys as white crystals, m.p. 139-141' (cap.), 148' dec. 
(metal). The dimethyl ester (111, R - C a )  was prepared aa 
above from diazomethane, m.p. 95.5-96', from cyclohexane. 

Anal. Calcd. for G7Ht8O4: C. 71.31: H. 6.34. Found: C. , ,  ~. ~. . 
71.46; HI 6.31. 

Decarboxylation. The dicarboxylic acid refluxed in lutidine 
with comer acetatea evolved the theoretical amount of car- 
bon diGGde. The product wag isolated and recrystallized 
from benzene-cyclohexane to give a 41% yield of the acid, 
m.p. 191-193'; mixed melting point with acid from the 
Reformatsky reaction, 192-194'. Same infrared abmrption 
characteristics. 

Methyl 4 ~ r ~ x y ~ - m e t h y c s - p ~ y ~ ~ - 4 ~ - ~  
d i a w t e  (IV. R = CHI). The crude acid obtained from benz- 
aldehyde and 6-methylglutaconic ester prepared as de- 
scribed previously6 WM esterified with diazomethane in ether 
solution and fractionated to give the product, b.p. 125'/0.3 
mm. 

Anal. Calcd. for C&&: C, 69.21; H, 6.20. Found: C, 
69.10, H, 6.11. 

The ultraviolet absorption measurements were made with 
a Beckman DK-3 recording spectrometer in the solvents 
(spectrograde) stated. The infrared absorption measurements 
were made with a Bakd double beam recording spectrom- 

eter with sodium chloride optics and in chloroform (0.04 
g./ml.) or as potassium bromide pellets. The NMR meaaure- 
menta were made with a Varian High Resolution (Model 
HR-4302) spectrometer with GO megacycle oscillator with 
superstabilizer and field homogeneity control. The calibra- 
tions were made by the side band technique a t  several fre- 
quencies. Tetramethylsilane WM used as an intemsl reference 
standard. Data for the acids were obtained in pyridine solu- 
tions, data for the esters in the carbon tetrachloride a t  about 
15% concentration. Values are given in 7 units.lg Micro- 
analyses by Micro Tech Laboratories, Skokie, Ill. 
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Alkylation and cyclization of the ditosylate of mdo-cia-2,3-bis(hydroxymethyl)norbomene with d o  diethyl malonate or 
sodio phenylacetonitrile yields 2,Miisubstituted 1,2-dihydro-endo-dicyclopentadienes. Attempted reactions with several 
other anions failed. Sodio diethyl malonate and the ditoaylate of d2,3-b~hydroxymethyl)norbomene yield diethyl 1,2- 
dihydro-ezodicyclopentadiene-2,2dicarboxylate. These dihydrodicyclopentadienes represent the first of established ring 
geometry substituted exclusively in the %position. Other derivatives and a synthesis of the new hydrocarbons 2,Mmethyl- 
1,2-dihydro-ado-dicyclopentadiene and 2 , 2 d i m e t h y l - l l ~ y d r o - e z ~ c y c l o p e n ~ e n e  are described. 

In 1956, Cope and Anderson' described a new 
synthetic method leading to bicyclic products, 
illustrated by the preparation of 3,6-epoxycyclo- 
heptane derivatives (11) upon condensation of cis- 
2,5-bis(hydroxymethyl)tetrahydrofuran ditosylate 
(I) with either sodio diethyl malonate or sodio 
ethyl cyanoacetate. Later, Cope and Fournier2 
obtained substit@uted epoxycyclooctane derivatives 
IV by treating ditosylate I11 with sodio diethyl 
malonate. We have now used this condensation- 
cyclization to synthesize 2,2- disubstituted di- 
hydrodicyclopentadienes from the known ditosyl- 
ates of endc-cis- and exo-cis-bicyclo [2.2.1]-5-hep- 

(1) A. C. Cope and B. C. Anderson, J. Am. Chem. Soc., 

(2) A. C. Cope and A. Fournier, Jr., J .  Am. Chem. Soc., 
78,149 (1956). 

79,3896 (1x57). 

tene-2,3dimethylol (V and XIV). Preparative 
routes leading to 2-substituted dicyclopentadienes 
are of especial interest a t  the present time since 
recent studies have emphasized the proximity of the 
9,lO-double bond and the 2-position in endo-dicyclo- 
pentadiene type molecules, and the effects of this 
geometry on reactions of related  compound^.*^^ 

Diethyl malonate reacted with both endo-cis- 
and exo-cisditosylates V and XIV, yielding 59% 
and 83% respectively of 2,2-diethyl esters, VI11 
and XV.  Sodio phenylacetonitrile and endo-cis- 
ditosylate V yielded 89% of an isomeric mixture of 

(3) R. B. Woodward and T. J. Kats, Tetralialrun, 5, 
70 (1959). 
(4) P. Wilder, Jr., and Chicita F. Culberson, J .  Am. Chew 

Soc., 81, 2027 (1959); Chicita F. Culbcrson m d  P. Wilder, 
Jr., J. Am. Chem. Soc., 82,4939 (19GO). 
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b. R = COOH, R' = C& 

IXa. R = COOH, R' = COOK 
b. R = COOK, R' = COOH 

X. R = R' = COOH 
XIa. R = CkH,. R' = CN 

VIII. R = R' = COOCzHs 

h. R = CN,"Rf- = C ~ S  
XII. R = R' = COOCzHs 

XIII. R = R' = COOH 

J 

K 
R i  R 

XIV 

XVI. R = B' = COOH 
XV. R = R' COOCzHs 

- - -~~ ~~ ~ ~. 

XVII. R, = R' = COOCzHs 
XVIII. R = R' = COOH 

the 2-phenyl-2-cyano derivative VI. Attempted 
condensations of endo-cis-ditosylate V with ethyl 
acetate, ethyl phenylacetate, t-butyl acetate, and 
diphenylmethane failed. It might be concluded 
that this condensation-cyclization reaction is sen- 
sitive to changes in the condensing anion but that 
the reaction may prove useful with a variety of cis- 
ditosylates. 

The procedure used by Cope and Anderson re- 
quired rocking the reaction mixture for eighteen to 
twenty-one hours in a stainless steel bomb a t  110- 
120". Investigations of other reaction conditions 
showed that cyclized product could be isolated after 
refluxing the reactants in dry toluene for three to 
five days. Perhaps this inconveniently long reaction 
time could bc shortened by using a higher boiling 
solvent, but possible thermal instabilities of the 
compounds involved in this study made it undesir- 
able to increase the reaction temperature. It is 
quite possible that the bis(hydroxymethy1)-nor- 

bornene ditosylates, especially the less hindered 
exo-cis isomer, undergo the condensation-cyclization 
more readily than the systems previously reported 
because in the norbornene derivatives the tosylate 
groups are constrained in almost perfect geometry 
for cyclization. In  no case was it possible to iso- 
late di- or monoalkylated product, indicating that 
the ring closure step proceeds with ease; the initial 
alkylation reaction is perhaps the rate-limiting 
step. While sodium hydride was used to prepare the 
carbanion in the condensations previously reported, 
this reagent could not be used in the present study. 
The higher boiling cyclized products obtained from 
the ditosylates V and XIV were invariably con- 
taminated with mineral oil in which the sodium 
hydride reagent was suspended. Purification was 
almost impossible and was accompanied by con- 
siderable loss of product. To avoid this difficulty the 
condensing anions were prepared with sodium 
amide, every care being taken to remove excess 
ammonia before the addition of ditosylate. 

Reaction of endo-cis-ditosylate V with phenyl- 
acetonitrile appears to yield a mixture of isomers, 
probably VIa and VIb. These products were not 
separated by distillation, but upon catalytic reduc- 
tion the mixture absorbed the calculated volume of 
hydrogen. A small sample, hydrolyzed with base, 
yielded an acid which could be purified to a single 
isomer (VIIa or VIIb) by careful recrystallization, 
but the arrangement of the phenyl and carboxylic 
acid groups was not determined. The excellent 
yield obtained by condensation of phenylacetoni- 
trile suggests that other activated nitriles may also 
give cyclized products. 

Condensations with diethyl malonate do not 
give over-all yields as high as those obtained with 
phenylacetonitrile, but the former reaction has the 
distinct advantage of providing a single product. 
The endo-ring ester VI11 is a viscous liquid which 
can be hydrolyzed to a diacid X, slightly soluble in 
water and soluble in ether. This hydrolysis proceeds 
relatively slowly in aqueous potassium hydroxide. 
Careful neutralization of the basic solution yields a 
monopotassium salt IX which is slightly soluble in 
both water and ether. No decarboxylation was ob- 
served during neutralization following hydrolysis. 
Ester VI11 yielded a phenyl azide adduct very 
slowly. The nitroso chloride which forms readily, 
appeared to  be a mixture of two forms but this was 
not further investigated. In  the presence of Adams 
catalyst, ester VI11 absorbed hydrogen rapidly and 
the saturated ester XI1 was readily hydrolyzed to 
dibasic acid XIII. 

Because the exo-cis-ditosylate XIV is difficult to 
obtain in quantity, only one cyclization react,ion 
leading to 2-substituted dihydro-exo-dicyclopent- 
adienes was attempted. Condensation of ditosylate 
XIV with diethyl malonate proceeds smoothly 
yielding ester XV which can be hydrolyzed to the 
diacid XVI, or reduced catalytically and then 
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hydrolyzed to the saturated diacid XVIII. No 
attempt was made to isolate a monopotassium salt 
analogous to  that  obtained in the endo case. 

As a possible route to mono-substituted dihydro- 
dicyclopentadienes, decarboxylation of 1 ,Bdihydro- 
endo-dicyclopentadiene-2,2-dicarboxylic acid (X) 
was investigated briefly. 

X 

XXa 

+ 

"DH HOOC 

XIXb 

j. 

XXb 

In  diphenyl ether, acid X loses carbon dioxide a t  
temperatures over 150". A pure monobasic acid, 
separated from the crude waxy product by recrys- 
tallization, gave the correct elemental analysis for 
a dihydrodicyclopentadiene carboxylic acid, but 
rigorous proof of the structure of this compound 
was not undertaken. It seemed likely that the 
decarboxylation would yield the two isomers 
XIXa and XIXb, although the possibility of 
thermally rearranged products could not be ex- 
cluded. To determine the number of compounds re- 
sulting from decarboxylation a sample of crude 
monoacid was methylated with diazomethane and 
analyzed by gas chromatography. Only two com- 
ponents were detected, the compound of longer re- 
tention time accounting for approximately 65% of 
the mixture. When a sample of the mixed ester was 
equilibrated in sodium methoxide-methanol for 
four hours, the same peaks were observed in the 
chromatograph, but the relative heights of the 
peaks had changed indicating almost equal amounts 
of the two components. Thus it appears that meth- 
anolic sodium methoxide may convert one isomer to 
the other but does not isomerize either isomer to 
yet a third ester. This evidence suggests that the 
products are epimeric, as indicated in structures 
XXa and XXb, and are not thermally rearranged 
ring isomers. 

It was of particular interest at this point to pre- 

pare the 2,2-dimethyl- 1,2-dihydrodicyclopenta- 
dienes XXIII  and XXVI, since reaction of these 
hydrocarbons with phosphoric acid might give some 
information concerning the route by which either 
endo- or exo-l,2-dihydrodicyclopentadiene is con- 
verted to 9,10-dihydro-exo-dicyclopentadiene.5s6 

While this unusual rearrangement has been known 
for some time, the mechanism is not understood. 
The most probable pathways involve hydride ion 
shifts. If the 2,2-dimethyl compounds XXIII and 
XXVI undergo the same type of transformation 
when treated with phosphoric acid, the positions of 
the methyl groups in the product would be of great 
interest. Although only small samples of these hy- 
drocarbons were available, a preliminary study of 
the reaction with phosphoric acid was undertaken 
using gas chromatographic and infrared analyses. 

VI11 XXI  

i 

XXIII X X I I  

xv X X I V  

1 

XXVI s x v  
Lithium aluminum hydride reduction of esters 

VI11 and XV proceeds smoothly to the correspond- 
ing 2,2-bis(hydroxymethyl)-dihydrodicyclopenta- 
dienes XXI and XXIV. With pyridine and toluene- 
sulfonyl chloride, each diol yields the corresponding 

(5)  P. R. Schleyer and M. M. Donnldson, J. Am. Chem. 

(6)  P. Wilder, Jr., and G. T. Youngblood, J .  Am. Chem. 
Soc., 78,5702 (1956). 

Soc., 78,5706 (1956). 



4202 CULREBSON AND WILDER VOL. 26 

ditosylate XXII and XXV, and these solid prod- 
ucts are readily reduced with lithium aluminum 
hydride to the respective endo- and exodimethyl- 
dicyclopentadienes, XXIII and XXVI. Each olefin 
yielded a phenyl azide adduct and a nitro chloride 
dimer. 

The olefins mere distilled from 85% phosphoric 
acid under slightly reduced pressure, and a portion 
of each crude product was reduced catalytically for 
two hours a t  atmospheric pressure. Judging from 
gas chromatographic retention times of the unsat- 
urated and saturated products, each mixture con- 
tained starting olefin, rearranged olefin, and two 
unknown compounds. The retention times of the 
products mere the same whether the starting olefin 
had the endo or the e m  ring fusion. The major com- 
ponent from the exo olefin, obtained in about 85% 
purity by distillation of the small sample available, 
gave a carbon-hydrogen analysis consistent with 
t'he empirical formula C12HI8, isomeric with starting 
material. Infrared analysis of the starting materials 
and of the partially purified product from the reac- 
tion of the exo-olefin X X V I  with phosphoric acid 
provided excellent evidence for a methyl shift and 
a change in the nature of the unsaturated linkage. 
While both starting olefins possess a band at 6.37 p 
generally assigned to the norbornylene double 
bond, the product revealed only a very weak band 
in this region a t  5.97 p. Furthermore, absorptions 
attributed to vinyl hydrogens in the starting olefins 
are absent in this product. These results suggest a 
highly substituted, unstrained olefinic linkage. 
The gem-dimethyl present in the starting materials, 
giving rise to double peaks (7.23 p and 7.33 p )  in 
the infrared spectrum, appears to have been re- 
placed by simple C-methyl substituents character- 
ized by a single absorption at 7.26 p. This prelimi- 
nary evidence indicates that the major single prod- 
uct of the distillation from phosphoric acid results 
from a methyl shift and double bond migration. 
Whether the reaction is related to the previously 
observed rearrangements of the dihydrodicyclo- 
pentadienes awaits further study. 

EXPERIMENTAL 

Melting points and boiling points are uncorrected. Anal- 
yses are by Galbraith Microanalytical Laboratories, Knox- 
ville, Telin., and Dr. Ing. A. Schoeller Microanalytisches 
I.nborntoriim, West Gcrinnny. 
endo-cis-Bicyrlo[2.2.1)-5-heptene-2,3-dimethylol ditosylate 

(V). The ditosylste was prepnred exactly as previously de- 
scribed?, but the ptoduvt used in these studies appeared to be 
a higher inelting crybtd modification. Once the high-melting 
form had hem purified in our laboratory, the low-melting 
form w:m never obtained again. The ditosylate recrystallized 
from methanol, n1.p. 104.5-105' (reported m.p. O0-9lo,8 
90-90.5°),7 R mixed fusion melted over a range between the 
two pure forms. 
I--__ 

( 7 )  Chicits F. Culberson, J. E$. Seward, and P. Wilder, 

(8) IC. Alder arid \V. Jtoth, Her., 87, 161 (1954). 
Jr., J .  Am. Chem. Soc., 82,2541 (1960). 

A d .  Calcd. for CtsHp&&: C, 59.71; €I, 5.67. Found: C, 
59.96; H, 5.59. 

BPhenyM-cyano-1 ,ddihydro-endo-dicyclopenladiene (VI). 
A solution of 44.5 g. (0.38 mole) of phenylacetonitrile in 100 
ml. of dry toluene was added to a stirred suspension of sodium 
amide (0.37 mole) in about 500 ml. of liquid ammonia. 
When addition waa completc, the ammonia waa evaporated 
on a steam bath while adding simultaneously 1200 ml. of dry 
toluene. The toluene solution waa heated to reflux to help 
expel residual ammonia and finally 69.6 g. (0.15 mole) of 
solid ndo-cis-ditosylate was introduced through a Gooch 
t,ube. The reaction was stirred under reflux for 5 days. Cool- 
ing and filtering the reaction mixture separated 67.2 g. of 
crude sodium toluenesulfonate. Concentration of the filtrate 
yielded a residue which when diluted to about 300 ml. with 
ether did not precipitate ditosylate starting material after 3 
hr. at room temperature. The ether solution, waahed with 
10% hydrochloric acid, water, 10% sodium carbonate, and 
again with water was dried over magnesium sulfate and 
filtered through a funnel of alumina. Removal of the ether 
and distillation of the residue yielded 21.5 g. of low-boiling 
forerun, primarily phenylacetonitrile; 34.0 g. of product, 
collected rapidly witith euperheating, h.p. 100-155'/0.25 
mm.; and a tarry pot residue of 3.0 g. which was not in- 
vestigated. The high boiling product wm rediatilled yielding 
31.3 g. (89%) of a viscous liquid probably a mixture of the 
two possible 2-plieny1-2-cyano endo-ring derivatives VIa and 
VIb, b.p. 136-137'/0.25 mm. An attempt to  separate two 
isomers or to purify one isomer by distillation was umuccess- 
ful. A sample of the mixture was redistilled for analysis, b.p. 
126-128"/0.075 mm. n2," 1.5605. 

Anal. Calcd. for CnHnN: C, 86.76; H, 7.28. Found: C, 
86.89; H, 7.55. 

A small sample of the product (2.1 g., 0.009 mole) absorbed 
the calculated volume of hydrogen when reduced in 50 ml. 
of absolute ethanol in the presence of Adams' catalyst a t  
ambient t.emperature and pressure. The product was dis- 
tilled, yielding 1.90 g. ( Q O ~ o )  of the saturated nitrile XI. An 
analytical sample was prcpared by redistillation, b.p. 147'/ 
0.4 mm., ny 1.5557. 

Anal. Culcd. for CllHlPN: C, 86.03; H, 8.07. Found: C, 
86.33; H, 8.19. 

Basic hydrolysis of a small sample of the unsaturated 
nitrile yielded the acid VI1 which recrystallized from dilute 
ethanol, m.p. 164165'. 

Anal. Celcd. for C1,H~~O~:  C, 80.28; H, 7.13. Found: C, 
80.18; H, 7.13. 

Diethyl l,~dihydro-endo-dicyclopentadi~~-~,~-d~urbo~y- 
lab (VIII). To sodium amide (0.37 mole) in approximately 
800 ml. of liquid ammonia was added a solution of 61 g. 
(0.38 mole) of diethyl malonate in 150 ml. of dry toluene 
and then ammonia was replaced by toluene (1050 ml.). The 
solution waa refluxed rapidly under slightly reduced pressure 
to remove most of the ammonia which waa not readily ex- 
pelled by heat alone. Then 69.6 g. (0.15 mole) of solid endo- 
cis-ditosylate V was added through a Gooch addition tube 
and the reaction mixture was stirred and refluxed vigorously 
for 4 days. During this time a voluminous precipitate of 
sodium toluenesulfonate accumulated. This solid was re- 
moved by filtering the cooled reaction mixture. After air 
drying, the precipitate collected weighed 53.5 g. Toluene was 
distilled from the filtrate under diminished pressure, and the 
viscolls residue, diluted to 110 ml. with ether, precipitated 
19.1 g., (27%) of unchanged ditosylate after standing over- 
night a t  room temperature. The filtrate was diluted to about 
1,OOO ml. with ether and washed successively with dilute 
hydrochloric acid, water, 10% sodium carbonate, and again 
with water. The solution was diied over magnesium sulfatc 
and then passed through a funnel of absorption alumins. 
Evaporation of this filtrate yielded a yellowish residue which 
distilled under reduced pressure. Some diethyl malonate 
(9.63 g.), b.p. 43-46"/0.35 mm. was recovered and then the 
temperature rose slowly as 0.30 g. of liquid, b.p. 46-104'/ 
0.35 mm., distilled. The distillation was then continued 
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rapidly and stopped as soon tia the residue in the pot began 
to  darken. The yicld of crude product Collected was 20.31 
g., b.p. 104-135'/0.35 mm. The pot re8idue (9.38 g.) waa 
taken up in ether and 4.72 g. of ditosylate precipitated. 
The ether solution, washd with dilute hydrochloric acid, 
water, 10% sodium bicarbonate, and again with water, was 
dried over magnesium sulfate and passed through a funnel of 
absorption alumina. From this solution 1.9 g. of ditosylate 
precipitated when some of the ether was evaporated. The 
total ditosylate recovered was 25.7 g. (0.056 mole, 37%). 
The eater VI11 product was redistilled, b.p. 10&110'/0.30 
mm. yielding 19.5 g. (0.0882 mole, 59% over-all yield, 93% 
yield based on ditosylate consumed). A small sample waa 
redistilled before analysis, b.p. 102.5'/0.03 mm., ng 1.4766. 

Anal. Calcd. for C16H304: C, 69.04; H, 7.97. Found: C, 
69.23; H, 7.77. 

A solution of 1.39 g. (0.005 mole) of ester VIII, 0.63 g. of 
isoamyl nitrite in 0.5 ml. of glacial acetic acid, and 1.0 ml. of 
95% ethanol was cooled in an ice bath, and 0.5 ml. of concd. 
hydrochloric acid in 0.5 ml. of 95% ethanol was added slowly 
while the reaction mixture ww stirred vigorously. The 
product which precipitated on stmding was collected by fil- 
tration and recrystallized from ethanol-water. Two crystal 
forms were observed and were separated from each other 
manually and each was recrystallized from absolute ethanol; 
m.p. 173.5-175' dec. (needles), m.p. 158-160' dec. (plates), 
mixed m.p. 160-165' dec. 

Anal. Calcd. for (C161nC1 NO&: C, 55.89; H, 6.45. Found: 
C, 55.98; H, 6.37 (needles). C, 55.77; H, 6.36 (plates). 

Seven tenths of a gram (0.0025 mole) of the ester VI11 
treated with excess phenyl azide in ether yielded an adduct 
after 3 days at room temperature. The product recrystal- 
lized from absolute ethanol, m.p. 140-141'. 

Anal. Calcd. for CZZH2zNaO4: C, 66.48; H, 6.85. Found: C, 
66.58; H, 6.54. 

l , ~ - D i h y d r ~ n d o d i c y c l o p e n t a d i e n e - 2 , 2 ~ ~ r b o x y l ~  acid 
(X). A mixture of 9.26 g. (0.033 mole) of ester VIII, 4.1 g. 
(0.076 mole) of potassium hydroxide and 50 ml. of water was 
heated to reflux and stirred for 2 days. The resulting solution 
waa cooled and poured into a 2-1. separatory funnel, washing 
the flaek with a little water, and adding the washings to the 
reaction solution. Upon addition of 400 ml. of ether and 
acidification with cold 6N hydrochloric acid, the diacid X 
which precipitated dissolved in the ether byer. Ether wash- 
ings of the aqueous solution were added to the original ether 
layer, which was then washed with small portions of cold 
water and dried over magnesium sulfate. Removal of ether 
and recrystalliation of the residue from ethyl acetate yielded 
6.63 g. (90%) of diacid X. An analytical sample was prepared 
by further recrystallizations from ethyl acetate, m.p. 217- 
218' dec. 

Anal. Calcd. for CUHl4O4: C, 64.85; H, 6.35. Found: C, 
64.93; H, 6.36. 

In  one run, 2.78 g. (0.01 mole) of the ester X in a solution 
of 1.2 g. of potassium hydroxide in 15 ml. of water was stirred 
on a steam bath for 3 days. The basic solution was extracted 
with ether and then cooled and acidified by dropwise addi- 
tion of cold 6N hydrochloric acid. As the precipitate formed, 
it was removed by filtration. The combined precipitates were 
slurried with coid water and filtered yielding 1.4 g. (47%) of 
the monopotassium salt IX of the diacid. A pure mmple was 
prepared by recrystallization from water. The salt did not 
melt below 275'. 

Anal. Calcd. for C12Hl~O~K2II20: C, 48.63; H, 5.78. 
Found: C, 48.78; H, 5.80. 

Diethyl tetrah ydro-endodicyclopent~iene-d,B-dicarb~x~late 
(XI1). A solution of 2.78 g. (0.01 mole) of the ester VI11 in 
50 ml. of absolute ethanol absorbed 95% of the calculated 
volume of hydrogen when reduced over Adams' catalyst. 
The product was distilled yielding 2.46 g. (88%), b.p. 113- 
115' (0.30 mm.), and an analytical sample was prepared by 
one further dktillation, b.p. 111'/0.30 mm., n y  1.4737. 

Anal. Calcd. for ClsHHO,: C, 68.54; H, 8.63. Found: C, 
68.24; H, 8.86. 

Tetrah~dro-endo-dicyclopentadienc-2,~d~rboxylic acid 
(XIII). The saturated ester XI1 waa hydrolyzed by refluxing 
a solution containing 1.55 g. (0.055 mole) of ester and 1 g. of 
potassium hydroxide in 10 ml. of water for 2 days. Then the 
solution was diluted with 10 mi. of water, extracted with 
ether, and cooled in an ice bath. Neutraliiation with 4 ml. of 
10% hydrochloric acid gave a precipitate which was taken 
up in ether. The ether extract was dried over magnesium 
sulfate. Evaporation of the ether followed by one recrystal- 
lization of the residue from ethyl acetate yielded 1.0 g. (61%) 
of diacid XIII, m.p. 222-223' dec. The product waa further 
purified for analysis by repeated recrystallization, m.p. 

A d .  Calcd. for CuHle04: C, 64.27; H, 7.19. Found: C, 
64.09; H, 7.24. 

Diethyl 1 ,2dih y d r o - e x o - d i c y c l o p a i e n e - ~ , ~ d i c a r b o x y ~ t e  
(XV). A solution of 30.5 g. (0.19 mole) of redistilled diethyl 
malonate in 100 ml. of dry toluene was added to a suspension 
of sodium amide (0.19 mole) in about 50 ml. of ammonia. 

After replacing the ammonia with 700 ml. of toluene, 34.5 
g. (0.0075 mole) of solid exo-cis-ditosylate XIV was intro- 
duced through a Gooch addition tube and the reaction was 
refluxed with stirring for 4 days. Filtration of the cooled 
reaction mixture removed 30.15 g. of a crude solid consisting 
primarily of sodium toluenesulfonate. The mother liquor 
was evaporated under diminished pressure to remove most 
of the toluene and then the residue, diluted to about 100 ml. 
with ether, precipitated 1.0 g. of crude unchanged ditosylate 
after about 1 hr. The filtered solution was diluted to about 
400 ml. with ether, washed thoroughly with water and dried 
over magnesium sulfate. Removal of ether and distillation of 
the residue yielded 9.90 g. of low-boiling forerun, primarily 
diethyl malonate, and 17.82 g. of crude ester XV. The small 
amount of residue probably containing some unchanged di- 
tosylate was discarded. The product was redistilled yielding 
17.25 g. (0.062 mole, 82.5% over-all yield, 85% on the basis of 
consumed), b.p. 103'/0.25 mm., 100'/0.17 mm. An ana- 
lytical sample waa purified by distillation, b.p. 102-103"/ 
0.16 mm., n2,b.s 1.4794. 

Anal. Calcd. for C16H8O4: C, 69.04; H, 7.97. Found: C, 
69.08; H, 8.17. 

1 ,&Dihydro-exo-dic yclopentadiene-8,2-icarbczylic acd 
(XVI). The ester XV (9.26 g., 0.033 mole) was stirred and 
heated in a solution of 50 ml. of water and 4.1 g. of potassium 
hydroxide for 2 days. The reaction mixture waa worked up 
as described for the endo case yielding 5.77 g. (81%) of diacid 
XVI. An analytical sample was recrystallized from ethyl 
acetate, m.p. 215-216' dec. 

Anal. Calcd. for CuH1404: C, 64.85; H, 635. Found: C, 
64.80; H, 6.39. 

Diethyl tetrahydro-exodicyclopentudiene-2,2-dicatboxylate 
(XVII). A solution of 2.78 g. (0.01 mole) of the ester XV in 
50 ml. of absolute ethanol waa reuuced in the presence of 
Adams' catalyst a t  ambient temperature and pressure. 
The volume of hydrogen absorbed wm in agreement with the 
calculated uptake. The solution wag filtered, ethanol was 
evaporated, and the product was distilled yielding the satu- 
rated ester XVII; b.p. 104.5- 105'/0.18 mm., ng 1.4750. 

Anal. Calcd. for Cl&,Ot: C, 68.54; H, 8.63. Found: C, 
68.49; H, 8.37. 

Tetrahydr0-ezo-dicyclopenladiene-2,Z-d~rboxyl~ acid 
(XVIII). The saturated ester XVII (2.46 g., 0.0088 mole) 
w&s hydrolyzed by refluxing in a solution of 20 ml. of water 
and 2.0 g. of potassium hydroxide for 2 days. The product 
ibolated aa described for the unsaturated compound weighed 
1.47 g. (75%). An analytical sample was further purified by 
recrystallization from ethyl acetate, m.p. 227-227.5' dec. 

Anal. Calcd. for ClzI11s04: C, 64.27; H, 7.19. Found: C, 
64.48; H, 7.30. 

Decarboxylation of 1 ,Edihydro-endodicyclopentdiene-2,~- 
dicarboxylic acid (X). A mixture of 2.0 g. (0.0090 mole) of the 
acid X and 70 ml. of diphenyl ether was stirred and heated 
in a 100-ml. round-bottom flask fitted with a condenser and a 
thermometer dipping below the surface of the liquid. Gas 

222.5-223' dec. 
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evolution began a t  155' and a t  175' the insoluble starting 
acid disappeared. After being maintained a t  a reaction tem- 
perature of 175' for 30 min., the solution was cooled to room 
temperature, diluted with excess ethyl ether, and extracted 
with 0.1N sodium hydroxide. Acidification of the combined 
basic extracts yielded an oil which was taken t ~ p  in ether. 
The ether solution was washed with cold water and dried 
over magnesium sulfate. Removal of ether yielded a residue 
which solidified slowly and could be recrystallized from 
ligroin (b.p. 60-90'), m.p. 98-99', with sublimation. 

Anal. Calcd. for CllH1,02: C, 74.12; H, 7.92. Fohnd: C, 
74.19; H, 8.05. 

In another run, 10 g. (0.045 mole) of the acid X in 200 ml. 
of diphenyl ether was heated to 160' over a period of 30 min. 
When evolutian of carbon dioxide had subsided, the tem- 
perature was increased to 175' in 16 min. The crude product 
isolated essentially by the procedure described above was 
methylated directly using diaeomethane in ether. After 
excess diazomethane was destroyed with a few drops of gla- 
cial acetic acid, the ether solution was dried over magnesium 
sulfate. Removal of ether and distillation of the residue 
yielded 5.90 g. (68%) of a colorless liquid, b.p. 115-117' 
(9.0 mm.). An analytical sample was taken from a center cut 
of a second distillation, b.p. 98-99' (3.5 mm.) during the 
entire distillation and 98" (3.5 mm.) for the analytical sam- 
ple, n y  1.4962. 

Anal. Calcd. for CI2H16O2: C, 74.96; H, 8.39. Fotmd: 
C, 74.76; H, 8.16. 

Action of methoxide upon the ester mixture XX. The meth- 
ylated crude decarboxylation product (3.0 g., 0.016 mole) was 
dissolved in 25 ml. of methanol and added to a solution of 
sodium methoxide prepared from 1.8 g. (0.078 g.-atom) of 
sodium and 25 ml. of absolute methanol. After being re- 
fluxed fo- 4 hr., the reaction mixture was cooled, diluted with 
excess water, and the oil which separated was extracted with 
ether. The ether solution, washed with water and dried over 
magnesium su fate, was concentrated and chromatographed 
through a 1 m. X 6 mm. column of 20% polypropylene gly- 
col crosslinkedwith pentaerythritol on Chromosorb W a t  122' 
with a helium flow of about 95 cc./min. The retention times 
of the two esters were very close, 12.2 min. and 12.7 min., 
and a t  a higher temperature (154') there was no resolution 
of the peaks. The product from the decarboxylation con- 
tained about 35% of the material having lower retention 
time and 65% of the second product. After reaction with 
sodium methoxide, no new peaks were detected, but the pro- 
portions of the peaks had changed to about 51% a t  12.7 min. 
and 49% a t  12.2 min. 

.%?,d-Bis( h ydrox ymeth yl)-l,2-dihydro-endo-dicyclopentadiene 
(XXI). A solution of 10 g. (0.037 mole) of ester VI11 in 100 
ml. of anhydrous ether was addrd slowly to a stirred solution 
of lithium aluminum hydride (2.7 g., 0.071 mole) in 500 ml. 
of anhydrous ether. The reaction mixtiire was stirred under 
reflux for 15 hr., cooled and treated successively with 100 ml. 
of wntcr saturated ether, sufficient w:itcr t o  coagulate the 
oxides of lithium and aluminum, and rnough 10% hydro- 
chloric acid to dissolve the precipitated oxides. The aqueous 
solution was extracted with ether several times and the ex- 
tract, washed with water and dried over magnesium sulfate, 
was evaporated under diminished pressure. A white solid 
residue was recrystallized from ligroin (b.p. 90-120O) yield- 
ing 6.43 g. (92%) of the diol XXI. A sample was further 
purified for analysis by recrystallization from ligroin (b.p. 
90-120°), m.p. 159-160'. 

Anal. Calcd. for CllHlaO2: C, 74.19; H, 9.34. Found: C, 
74.14; H, 9.30. 

8,2-13zs( h ydror y meth yl)-1 ,I-dihydro-endo-diczJclopentadiene 
ditosylate (SXII ) .  A solution of 3.88 g. (0.020 mole) of the 
diol );XI in 40 nil. of dry pyridine (freshly distilled from 
barium oxide) wbs added dropwise to 8 stirred solution of 8 g. 
(0.042 mole) of tolnenesulfonyl chloride in 40 ml. of dry 
pyridine a t  0". When the addition was complete, the reaction 
mixture was allowed to stand for 2 days in a refrigerator. 
Then the mixture, cooled in an ice bath, was stirred while 

150 ml. of ice cold water WBB added dropwise. The ditosylate 
which precipitated was recrystallized from methanol yielding 
8.38 g. (780/0), m.p. 115-116'. 

A d .  Calcd. for C ~ ~ H M O ~ S Z :  C, 62.13; H, 6.02. Found: 
C, 62.27; H, 5.88. 

8,d-Di?tu?thyl-i,&dihydro-endo-dicycbpenldiene XXIII. 
Solid .endo-ditosylate (8.88 g., 0.0176 mole) was added to 5.0 
g. (0.143 mole) of lithium aluminum hydride in 600 ml. of 
anhydrous ether. The reaction mixture was stirred under 
reflux for 2 days. Excess lithium aluminum hydride was de- 
stroyed by slow addition of water-saturated ether (100 ml.) 
followed by water, and the precipitated oxides were dissolved 
in 0.1N hydrochloric acid. The ether extract, washed with 
water and dried over magnesium sulfate, was evaporated a t  
atmospheric pressure and distillation of the crude residue 
yielded 2.31 g. (8101,) of olefin XXIII, b.p. 91-93' (30 mm.). 
The product was redistilled before analysis; b.p. 92-93' (30 
mm.), n y  1.4812. The infrared spectrum showed peaks a t  
3.26 p, 6.37 p and 14.28 p associated with C-9=C-10 un- 
saturation and a t  7.23 p and 7.33 p due to the gem-dimethyl 
substituent a t  C-2. 

Awl.  Calcd. for C12H18: C, 88.82; H, 11.18. Found: C, 
89.05; H, 11.14. 

A phenyl aside adduct was prepared and recrystallized 
three times from absolute ethanol. The product crystallized 
nicely in the form of slender prisms, but did not give a sharp 
melting point. Instead, upon heating, the adduct appeared to 
dissociate or decompose without darkening, m.p. 163.5- 
166'. 

Anal. Calcd. for C ~ S H ~ ~ N ~ :  C, 76.83; H, 8.24. Found: C, 
77.11; H, 8.05. 

-4 nitroso chloride dimer was prepared and recrystallized 
from toluene, m.p. 167-168'. 

Anal. Calcd. for (C1~Hl&lNO)z: C, 63.29; H, 7.97. Found: 
C, 63.52; H, 7.86. 

d,%Bis( h ydroxymethyl)-1 ,&dih ydro-exo-dicyclopentadiene 
(XXIV). Ten grams (0.036 mole) of ester XV in 100 ml. of 
anhydrous ether was added dropwise to 2.7 g. (0.071 mole) 
of lithium aluminum hydride in 500 ml. of anhydrous ether. 
The reaction mixture was refluxed and stirred for 2 days and 
the product was isolated by the usual procedure using 10% 
hydrochloric acid to dissolve the lithium and aluminum 
oxides. The yield of diol XXIV was 6.42 g. (92%), m.p. 151- 
153'. An analytical sample was prepared by recry&allization 
from ligroin (b.p. 90-12O0)-toluene m.p. 154-154.5", mixed 
melting point with the endo isomer XXI, 145-148'. 

Aml. Calcd. for CI2HlsO2: C, 74.19; H, 9.34. Found: C, 
74.24; H, 8.94. 

B,.%?-Bis( h ydroxymeth y1)-1 ,Z-dih ydro-exo-dicyclopenladient 
ditosylate (XXV). exo-Ditosylate XXV was prepared by the 
same procedure described for the endo isomer. From 3.88 g 
(0.020 mole) of the diol XXIV and 8.0 g. (0.042 mole) of 
toluenesulfonyl chloride in pyridine was obtained 7.50 g. 
( 75y0) of the ditosylate recrystallized once from methanol, 
m.p. 177-178'. 

Anal. Calcd. for CzaHroOeSl: C, 62.13; H, 6.02. Found: 
C, 62.22; H, 5.81. 

I,%Dimethyl-I , M i h  ydro-exo-dic yclopenhdiene (XXVI ). 
Six grams (0.16 mole) of lithium aluminum hydride was dis- 
solved in about 600 ml. of anhydrous ether and 10.5 g. 
(0.021 mole) of the solid ezo-ditosylate was added through a 
Gooch tube with constant stirring. The ditosylate was 
scarcely soluble in the volume of ether used for the reaction, 
but slowly disappeared during 3 days of stirring of the reac- 
tion mixture under reflux. The cooled reaction mixture was 
then treated in the usual way with water-saturated ether and 
then water until the oxides of lithium and aluminum formed a 
curdy filterable precipitate. The solution was filtered and the 
precipitate washed several times with ether. The combined 
ether solutions, dried over magnesium sulfate and evaporated 
a t  atmospheric pressure, yielded a crude residue which gave 
2.69 g. (7975) of the hydrocarbon XXVI on distillation, b.p. 
91-92' (30 mm.). An analytical sample was prepared, b.p. 
91-92' (30 mm.), n y  1.4788. The infrared spectrum showed 
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absorption a t  3.28 p, 6.37 p and 13.91 p associated with C-9- 
C-10 unsaturation and a t  7.23 p and 7.33 p due to the gem- 
dimethyl substituent a t  C-2. 

Anal. Calcd. for C12H18: C, 88.82; H, 11.18. Found: C, 
88.93; H, 11.12. 

A phenyl azide adduct formed which did not give a sharp 
melting point, although it crystallized as distinctive colorless 
crystals from ethanol, m.p. 166-169', mixed melting point 
with the endo isomer XIII, m.p. 137-159'. 

Anal. Calcd. for C18H28NB: C, 76.83; H, 8.24. Found: C, 
77.11; H, 8.05. 

A nitroso chloride dimer was prepared by the usual method 
and recrystallized from toluene, m.p. 163-165', mixed melb 
ing point with the endo isomer, m.p. 155-159'. 

Anal. Calcd. for (CUH&1NO)2: C, 63.29; H, 7.97. Found: 
C ,  63.56; H, 7.60. 

Reaction of the W,2-dimethyl-l,B-dihydrodicyclopentadienes 
XXIII and X X V I  with phosphoric acid. A small quantity 
of each isomer was distilled from 85% phosphoric acid a.t 
slightly reduced pressure. At first a small amount of hydro- 
carbon, probably starting material, appeared to distill with 
steam. The entire product was collected in each case and 
taken up in ether. The ether solutions were dried over magne- 
sium sulfate and the ether was evaporated. In one run 1.7 g. 
of the ezo isomer was distilled slowly from 2 ml. of phosphoric 
acid. The crude product after workup was distilled yielding 
a colorless liquid, b.p. 104-106' (30 mm.). During the reac- 
tion with phosphoric acid, the mixture being heated turned 
a greenish color and upon further heating this color was dis- 
pelled leaving a pale tan which darkened toward the end of 
the distillation. A very small sample (4-10 drops) of each 
starting material, the isomeric dimethyl compounds XXIII  
and XXVI, and of each phosphoric acid distillation product 
was reduced separately in 100 ml. of absolute ethanol using 
Adams' catalyst and hydrogen a t  ambient temperature and 
pressure. Two hours was allowed for each reduction and no 
attempt was made to measure hydrogen up-take. Each 
solution was filtered and concentrated. Using gas chroma- 
tography, samples of saturated and unsaturated starting ma- 
terials and saturated and unsaturated reaction products, a t  
102' and a helium flow of about 70 cc./min. through a 1 m. 
x 6 mm. column of 20% Union Carbide Polypropylene Gly- 
col-1025 on Chromosorb W (30-60 mesh). The retention 
times and approximate estimates of the relative propor- 
tions of the peaks observed for each sample are given below. 

RETENTION TIMES 

2,2-Di- 
methyl- 

endo- 
Distilled 

from 
Hap04 

2,2- 
Dimethyl- 
ex0 

Distilled 
from 

Unsaturated 

9.4 
min. 

9 . 6  12.0 17.0 
75% 6% 19% 

9 . 0  

9.2 12.0 17.2 

30% 11% 59% 

Saturated 

10.1 12.1 
min. min. 
trace 
10.2 12.3 17 .3  
5% 70% 25% 

trace 
10.5 12.0 

10.3 12.2 17.3 

17% 15% 67% 

The product from the 2,2-dimethyl-ezo hydrocarbon 
which had been once distilled was estimated to be about 85% 
pure. A second distillation resulted in scarcely measurabIe 
purification and no change in boiling range. The product, 
dissolved in acetone, decolorized 3 % aqueous permanganate. 
A sample of the mixed product, n y  1.4975, was analyzed for 
carbon and hydrogen. 

Anal. Calcd. for C12Hle: C, 88.82; H, 11.18. Found: C, 
88.61; H, 11.22. 

Infrared analysis of this sample showed that all of the 
peaks associated with C-9 -C-10 unsaturation in the starting 
material had disappeared. No absorption characteristic of 
hydrogen attached to an unsaturated carbon was observed, 
but a weak band a t  5.97 p suggests that the product contains 
a highly substituted unstrained double bond. The gem-di- 
methyl absorptions observed in the spectrum of the starting 
material are replaced by a C-methyl peak a t  7.26 p. 
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Acid-catalyzed rearrangement of the epoxides (IVa and IVb) of methyleneanthrone and benzalanthrone produces no 
ring expansion, but the products are identified as 10-hydroxymethyleneanthrone (VIa) and 10-formyl-10-phenylanthrone 
(IXa) respectively. Similar treatment of the epoxide (V) of 2-benzal-1-tetralone leads to 2-phenyl-4,5-benzocycloheptene- 
1,3-dione (X).  A new explanation is offered for the alkali solubility of the 4,5-dihydroxy-2,3,6,7-dibenzocycloheptadienones 
XIII. 

Pursuing our interest in tropones2 and their ring expansion process which allowed Cook4 to 
prepare the first known y-hydroxytropone (I) by 
the action of moist silver oxide on benzalanthrone 
&bromide (11). Since this reaction must involve a 
carbonium ion intermediate, it wBs of interest to 
explore the acid-catalyzed opening Of Certain epox- 

(4) J. W. Cook, J. Chem. SOC., 2160 (1926); 58 (1928). 

hydroxy derivatives3 we have been examining the 

(1) Present address: Department of Pharmacology, G o d -  
handas f h " h s  Medical College, Parel, Bombay 18, 

(2) G. L. Buchanan and D. R. Lockhart, J .  Chem. sot., 

(3) G. L. Buchanan, J .  Chem. SOC., 1060 (1954). 

India. 

3586 (1959). 


