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387. The Constitution of the Condensation Product of Diphen ylketen and 
cyclopentadiene. 

By J. R. LEWIS, G. R. RAMAGE, J. L. SIMONSEN, and (in part) W. G. WAINWRIGHT. 
The condensation of diphenylketen with cyclopentadiene yields by 1 : 2-addition 

6-Keto-7 : 7-diphenyZbicyclo[3, 2, OIIzept-2-ene. This gives on oxidation with permono- 
phthalic acid an epoxide, convertible by acetic-sulphuric acid into the diacetate of 
2 : 3-dihydroxy-6-Keto-7 : 7-diphelzyZbicyclo[3, 2, Olheptane, from which by the action of 
alkali two stereoisomeric 3 : 4-dihydroxy-2-benzhyclrvlcyclopentane-l-carb~xyZ~c acids 
can be prepared., Oxidation of these with lead tetra-acetate, followed by potassium 
permanganate, gives two stereoisomeric 4 : 4-diphenylbutane-1 : 2 : 3-tvicavboxylic acids, 
which have been prepared synthetically by the hydrolysis of the condensation product 
of bromodiphenylmethane and methyl sodiopropane-mpy-tetracarboxylate. It is 
suggested that the analogous condensation product from dimethylketen and cyclo- 
pcntadiene might provide a suitable starting material for the synthesis of caryophyllenic 
acid. 

IN the course of his well-known investigations on the reactions of the ketens (summarised 
in " Die Ketene," 1912), Staudinger (Ber., 1906, 39, 968; Annalen, 1907, 356, 51) prepared 
by the condensation of dimethylketcn and cyclopentadiene a dicyclic unsaturated kctone, 
C,H,,O, for which he suggested the alternative formul~e (I; R = Me) and (11; R = Me). 
It occurred to us that, if (I) correctly represented the ketone, it might prove a suitable 
starting point for the synthesis of caryophyllenic acid (111). 

CH 
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OC-CH-CH H,C-CHCH,*CO,H 

(11.) (111.) 

As preliminary experiments on the degradation of this somewhat inaccessible ketone 
gave products which could not be characterised, we decided to investigate in the first 
instance the related ketone (I ; R = Ph) or (I1 ; R = Ph), which is highly crystalline and 
can be prepared with comparative ease from diphenylketen. 

The experiments now to be described have shown the ketone to be ( I ;  R = Ph), a 
result which was not anticipated, since the somewhat analogous condensations of cyclo- 
pentadiene with ethyl azodicarboxylate (Diels, Blom, and Koll, Annalen, 1925, 443, 242) 
and with maleic anhydride (Diels and Alder, ibid., 1928, 460, 98) have given 1 : 4-adducts. 

By oxidation of the ketone with permonophthalic acid (Bohme, Ber., 1937,70, 379) the 
efoxide (IV), m. p. 121-122", was obtained in excellent yield and this on treatment with 
acetic-sulphuric acid formed the diacetate (V), m. p. 122-124", from which the glycol, 
m. p. 178-180", was prepared by hydrolysis with alcoholic sulphuric acid. 

CH*OAc CH*OH 
/\ 

(IV.) (V.1 (VI.) 

Whilst the glycol and its diacetate appear to be stable in acid solution, on treatment with 
alkali fission of the cyclobutane ring occurs with remarkable facility with the formation, 
depending upon the conditions used, of two stereoisomeric dihydroxy-acids 01: their esters. 
By the action of sodium methoxide on the glycol, or of cold methyl-alcoholic potassium 
hydroxide solution on the diacetate, methyl CC-3 : 4-dihydroxy-2-benzhydrylcyclo~entane-1- 
carboxylate, m. p. 159-160", is obtained, yielding on alkaline hydrolysis in the cold the 
or-acid, m. p. 170-171". If, however, the diacetate, the glycol or the ol-methyl ester is 
digested with an excess of methyl-alcoholic potassium hydroxide solution, an isomeric 
acid, p-3 : 4-dihyd~oxy-2-benxhyd~ylcyclopentane-l-carboxylic acid, m. p. 177-180" (methyl 
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ester, m. p. 126-128"), is obtained. The ease of esterification of the acids and of hydrolysis 
of their esters suggests that the structure (VI) represents the two isomeric acids and this was 
proved by their oxidation with lead tetra-acetate, followed by potassium permanganate, to 
two isomeric a- and p-4 : 4-diphenylbutane-l : 2 : 3-tricarboxylic acids (VII), m. p. 185-187" 
and 208-209" respectively. These acids were prepared synthetically by the hydrolysis of 
the condensation product of bromodiphenylmethane and methyl sodiopropane-=a& 
tetracarboxylate, one of the carboxyl groups being eliminated. 

The facility with which ring fission occurs in the dihydroxy-ketone is somewhat 
remarkable, but it finds an approximate parallel in the fission of fenchone (VIII) with 
potassium hydroxide (Wallach and Wienhaus, AnnaZen, 1909, 369, 72) or sodamide 
(Semmler, Ber., 1906, 39, 2578) to fencholic acid (IX) or its amide. 

Ph,CH*CH*CO,H 
$H*CO,H 
CH,*C02H 
(VII.) 

H,C-qMe-CO 

H,C-CH--CMe, 
I CH, 1 

H,C-qMe*CO,H 

H,C-CMCHMe, 
I CH2 

(VIII.) 

Although it has not proved possible to determine the configurations of the two isomeric 
hydroxy-acids and the related tricarboxylic acids, certain points of interest have emerged. 
The fact that neither of the hydroxy-acids lactonises necessitates both the hydroxy-groups 
in the two acids having the tram-configuration with respect to the carboxyl group; the 
hydroxy-groups must therefore be cis to one another. This configuration for the hydroxy- 
groups is supported by the equally facile oxidation of the methyl esters of the a- and the 
P-dihydroxy-acid with lead tetra-acetate (Criegee, Bey., 1932, 65, 1771) and, although as a 
general rule the hydration of an epoxide gives exclusively the trans-glycol, it has been observed 
by Boeseken (Rec, trav. chim., 1928, 47, 683) that the cis-form may predominate in certain 
cases if the hydration is carried out in acid solution. It follows, therefore, that the most 
probable representations of the two hydroxy-acids are (X) and (XI), which would on 
oxidation give the isomeric tricarboxylic acids (XII) and (XIII). It has not, however, 
proved possible to assign a definite configuration to the acids. 
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A further example of the facility with which ring fission occurs in the adduct was 
provided by its oxidation with hydrogen peroxide to an unsaturated Zactone, C1,H1,O2, 
m. p. 116-117", probably (XIV), which gives on catalytic hydrogenation an acid, C,,H,,O,, 
m. p. 125-127", probably 2-beutzhydrylcyclopentane-1-carboxylic acid (XV). 

\H H/ (XI.) \H (XIII.) H0,C' (X.) 
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The ring fission occurring here is analogous to that observed in the oxidation of cyclic 
ketones with Caro's reagent (compare Robinson and Smith, this vol., p. 371). 

EXPERIMENTAL. 
6-Keto-2 : 3-epoxy-7 : 7-diphenyZbicyclo[3, 2,  0lheptane.-Diphenylketen (from diphenyl- 

chloroacetyl chloride, 28 g.) and cydopentadiene (10 g.) in ligroin (b. p. 40-60") were kept for 2 
days in a carbon dioxide atmosphere. The solvent was removed, and the solid residue crystallised 
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from methyl alcohol (yield 23 g. ; m. p. 86-88'). The condensation product ( 5  g.) in ether was 
mixed with an ethereal solution of permonophthalic acid and kept a t  room temperature for 12-15 
days, titration of 2 C.C. portions with ~/20-sodium thiosulphate, compared with blank per-acid 
solution, indicating the completion of the oxidation. The ethereal solution, washed with 
potassium iodide solution, followed by sodium hydroxide solution, was dried, and the ether 
removed, leaving the oxide ( 5  g.), which crystallised from cyclohexane and then from methyl 
alcohol in fine needles, m. p. 121-122" (Found : C, 82.8 ; H, 5.8. C,,H,,O, requires C, 82.6 ; 
H, 5.8%). 

2 : 3-Dihydvoxy-6-Keto-7 : 7-diphenyZbicyclo[3, 2, O]heptane.-The oxide (6-4 g.), dissolved in 
acetic acid (120 c.c.) containing concentrated sulphuric acid (0.5 c.c.), was kept overnight and 
then poured on ice. The separated solid was dissolved in ether, and the ethereal extract washed 
with sodium carbonate solution and dried over potassium carbonate. Removal of the solvent 
left a gum (7.8 g.), which was dissolved in hot methyl alcohol ; on cooling, the diacetate crystallised 
in large prismatic needles, m. p. 122", raised to 122-124" by two further crystallisations from 
the same solvent [Found : C, 72.6; H, 5-6;  OAc, 22.3. C,,H,,O(OAc), requires C, 73.0; 
H, 5.8 ; OAc, 22.8y0]. The diacetate (0.2 g.), mixed with ethyl alcohol (5  c.c.) and sulphuric 
acid (0.5 c.c.), was heated on the water-bath for 3 hours. Addition of water to the cooled 
solution precipitated the glycol, which was sparingly soluble in ether and benzene, but crystallised 
from dilute methyl alcohol or ethyl acetate in balls of needles, m. p. 178-180" (Found : C, 77.8 ; 
H, 6.3. CIDH1,O, requires C, 77.5; H, 6.1%). The glycol can also be prepared by allowing 
the diacetate to stand overnight with very dilute methyl-alcoholic potassium hydroxide solution. 

(a) To a well- 
cooled solution of the diacetate ( 1  g.) in methyl alcohol (8 c.c.), a cold methyl-alcoholic potassium 
hydroxide solution (KOH, 0.4 g . ;  MeOH, 2 c.c.) was added. After keeping overnight, the 
addition of water precipitated the a-methyl ester (0.7 g.), which crystallised from benzene in 
fine needles, m. p. 159-160" [Found : C, 73.5; H, 6.3; OMe, 9.2. C,,H,,O,(OMe) requires 
C, 73.6; H, 6.7; OMe, 9-S%0], sparingly soluble in ether. 

(b) To a solution of the glycol. (0.5 g.) in methyl alcohol (2 c.c.), sodium methoxide (Na, 
0.05 g.) was added. The solution was boiled for 1 minute, kept for an hour, water added, and the 
separated solid (0.3 g.) collected and crystallised from benzene; m. p. 159--160", both alone 
and in admixture with the above ester. 

The methyl ester (0-2 g.), when digested with dilute sulphuric acid (conc. acid, 1 C.C. ; water, 
10 c.c.) for 3 hours, was converted into a gum. This was dissolved in ether, and the ethereal 
extract washed with sodium carbonate solution, dried, and evaporated. The residue (0.05 g.) 
crystallised when triturated with benzene and had m. p. 150-170" ; it was not further examined. 
Acidification of the carbonate solution gave the ct-dihydroxy-acid, which crystallised from ethyl 
acetate in hard prismatic needles, m. p. 170-171" (Found : C, 72-8 ; H, 6-5 ; M ,  315. C1,H,,O, 
requires C, 73.1 ; H, 6.4% ; M ,  312). The ethyl ester, prepared by treatment of the glycol 
with sodium ethoxide or by digestion of the methyl ester with ethyl alcohol and sulphuric acid, 
crystallised from cyclohexane in soft prismatic needles, m. p. 140-141" (Found : C, 74.2; 
H, 7.2. The dibenzoate of the ethyl ester, prepared in 
pyridine solution, crystallised from ethyl alcohol in soft needles, m. p. 138-139" (Found : C, 77.0; 
H, 5.6. C,&&, requires C, 76.6; H, 5.8%). The p-bvonzophenacyl ester crystallised from 
dilute acetone in fine needles, m. p. 128-129" (Found : C, 63.7 ; H, 5.1. C,,H,,05Br requires 

P-3 : 4-Dihydroxy-2-benzhyd~~ylcyclo~entane-l-ca~boxylic A Lid.-The a-methyl ester (3 g.) 
was digested with methyl-alcoholic potassium hydroxide solution for 1 hour on the water-bath. 
After removal of the alcohol, water was added, the solution washed with ether and acidified, 
and the acid extracted with ether. Removal of the solvent left the P-dihydroxy-acid (2.8 g.), 
m. p. about 155", raised to  177-180" after several recrystallisations from benzene-acetone 
(Found : C, 73.0; H, 6.4. C1,H2,0, requires C, 73.1; H, 6.4%). The m. p. was somewhat 
dependent on the rate of heating and the mixed m. p. with the a-dihydroxy-acid was 154" with 
previous softening. The P-dihydroxy-acid was very sparingly soluble in benzene, toluene and 
chloroform, somewhat more readily in ether and ethyl acetate, very readily in alcohol and acetone. 
The acid was obtained also by digestion of the diacetate with methyl-alcoholic potassium 
hydroxide solution (6 mols.) or by the hydrolysis of the ethyl ester of the a-dihydroxy-acid, but 
always as a mixture consisting mainly of the P-acid. The methyl ester crystallised from C Y C ~ O -  

hexane in fine needles, m. p. 126-128" (Found : C, 73-6; H, 6-8. C,,Hz20, requires C, 73.6; 
H, 6.7%). The p-bvomophenacyl ester crystallised from dilute acetone in fine needles, m. p .  
154-155" (Found : C, 63.3; H, 4.7. C,,H,,O,Br requires C, 63.6; H, 4.9%). 

a-3 : 4-Dihydroxy-2-benzhydrylcyclopentane- 1-cavboxylic Acid.-Methyl estev. 

C,lH,,O, requires C, 74.1 ; H, 7.1%). 

C, 63.6; H, 4*9y0).. 
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Oxidation of Methyl a-3 : 4-Dihydroxy-2-benzIzydrylcyclo~entane-l-carboxylate. Formation of 

01-4 : 4-Diphenylbutane-1 : 2 : 3-tricarboxylic Acid.-A standard acetic acid solution of lead 
tetra-acetate (107 c.c., 1-39~/10) was added to the a-methyl ester (2.2 g.) dissolved in acetic 
acid (20 c.c., distilled over chromic acid). Titration of 2 C.C. portions showed that the reaction 
Was practically complete in 2-4 minutes. After standing for 1 hour, the acetic acid solution 
was poured into water and extracted with ether, the extract being washed with sodium carbonate 
solution and dried. Removal of the solvent left an oil (2 g.), which gave amorphous derivatives 
with carbonyl reagents. It was dissolved in dry acetone (30 c.c., distilled from potassium 
permanganate), and finely powdered potassium perrnanganate ( 1.4 g.) added slowly. The 
precipitate was collected and washed with acetone, and sulphur dioxide passed into a suspension 
of i t  until the manganese dioxide was in solution. The acid (1.8 g.) , isolated by ether extraction, 
was dissolved in sodium hydroxide solution (20 c.c., 8%) and warmed on the water-bath for 16 
minutes. The acidified solution was extracted with ether, removal of the solvent giving the 
01-tricarboxylic acid, which crystallised from formic acid in small prismatic needles, decomp. 
187-188" (Found : C, 66.4; H, 5.2. C,,H1,O, requires C, 66.7; H, 5.2%). The acid was 
very readily soluble in alcohol, acetone and hot water, sparingly so in benzene. On heating 
above its m. p. it gave a gum, probably the acid anhydride. The barium salt was very sparingly 
soluble, and the calcium salt was sparingly soluble in hot water, readily in cold. The nzethyl 
ester, prepared by means of diazomethane, crystallised from methyl alcohol in prisms, m. p. 
117-119" (Found : C, 68.6; H, 6.1. 

Oxidation uf Methyl 13-3 : 4-Dihydroxy-2-benzhydryZcyclope~ztane-l-cavboxyl~te. Formation of 
P-4 : 4-Diphenylbutane-1 : 2 : 3-tricnrboxylic Acid.-The pure P-methyl ester (0.67 g.) was 
oxidised with lead tetra-acetate (30 c.c., 1.67~/10), and the neutral product (0.6 g.) further 
oxidised with potassium permanganate as described above, giving an acid converted by diazo- 
methane into the methyl ester, m. p. 121-122.5", described below. 

A similar oxidation of the crude P-methyl ester (3.7 g.) gave the tricarboxylic acid as a yellow 
oil, which crystallised after trituration with formic acid and then had m. p. 173-203". The 
acid (0.5 g.) was heated with hydrochloric acid (concentrated acid, 5 C.C. ; water, 5 c.c.) a t  200" 
for 24 hours ; the product was dissolved in ether and, after removal of the solvent, crystallised 
from formic acid. The solid which separated, m. p. 180-192", was dissolved in hot water, 
and the solution filtered from a little tar and kept in the ice-box overnight. The P-tricarboxylic 
acid, which was deposited, decomp. 203-205", crystallised twice from formic acid (charcoal), 
separated in fine needles, decomp. 208-209" (Found : C, 66.7; H, 5.7. C1,Hl,O6 requires 
C, 66.7 ; H, 5.2%). The P-methyl ester, prepared by means of diazomethane, crystallised from 
methyl alcohol in rosettes of prisms, m. p. 121-122.5", depressed to 110" on admixture with the 
methyl ester of the a-tricarboxylic acid (Found : C, 68.4; H, 6.1. C2,H2,0, requires c ,  
68.8; H, 6.2%). 

Condensation of Methyl Pvopane-aa py-tetifacarboxylate and Bromodipheizylmethane.-To a 
solution of methyl sodiopropane-aor(3y-tetracarboxylate (from the ester, 10 g.) in benzene 
(50 c.c.), bromodiphenylmethane (9 g.) was added, and the mixture boiled for 24 hours. After 
addition of water to the cooled solution, the benzene layer was separated and dried, and the 
solvent removed. Distillation of the residual oil a t  5 mm. gave, after a low-boiling fraction, the 
condensation product (8 g,), b. p. 258", as a very viscid oil which set to a hard glass. This was 
dissolved in methyl alcohol and hydrolysed with methyl--alcoholic potassium hydroxide solution 
(KOH 8 g.). After removal of the alcohol, the solution was acidified, the gummy acid collected 
in ether, the solvent removed, and the residue digested with hydrochloric acid for 4 hours. The 
acid was again recovered by ether extraction and, after removal of the solvent, dissolved in 
aqueous ammonia, and the sparingly soluble barium salt precipitated in three fractions. The 
acid (1-9 g.) from the most sparingly soluble fraction was repeatedly crystallised from formic 
acid (charcoal), a-4 : 4-diphenylbutane-1 : 2 : 3-tricarboxylic acid being ultimately obtained in 
prismatic needles, decomp. 185", both alone and in admixture with the a-tricarboxylic acid 
described above (Found : C, 66.4; H, 5.4%). The acids (1 g. and 3 g.) separated from the 
remaining fractions of the barium salt were somewhat gummy and after crystallisation from 
formic acid each had m. p. 150-170". They were combined and heated a t  200" for 24 hours 
with hydrochloric acid (concentrated acid, 10 C.C. ; water, 10 c.c.). The acid, isolated by 
means of ether, was dissolved in formic acid and, on cooling, the solution deposited a fraction, 
m. p. 170-185", consisting of the nearly pure a-tricarboxylic acid ; the filtrate ( A )  was reserved. 
The acid was dissolved in hot water and filtered from a little tar and the solid which separated 
on cooling was crystallised twice from formic acid, the a-tricarboxylic acid, decomp. 185", being 
obtained. The identity was confirmed by the preparation of the methyl ester, m. p. 117-118" 

C2,H2,0, requires C, 68.8; H, 6.2%). 
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both alonc and in admixturc with the methyl estcr of thc a-tricarboxylic acid dcscribed on 
p. 1840. 

The formic acid filtrate ( A )  was evaporated on the water-bath until frec from the solvent, 
and the gummy residue digested with hot water, which left undissolved a red tar. Thc aqueous 
solution, kept ovcrnight in the ice-box, deposited a solid which aftcr three crystallisations from 
formic acid (charcoal) gavc the purc (3-4 : 4-diphcnylbutanc-1 : 2 : 3-tricarboxylic acid, decomp. 
208-209" both alonc and in admixture with the P-tricarboxylic acid tlcscribccl on p. 1840 (Found : 
C, 66.4; H, 5.50/,). The methyl estcr, prepared by digestion of the acid with methyl alcohol 
and sulphuric acid for 8 hours, crystalliscd from methyl alcohol in rosettes of prisms, m. p. 
124-125", which in admixture with thc mcthyl ester of the a-tricarboxylic acid, m. p. 121-122.5" 
(p. 1840), had m. p. 122-124" (Found : C, 68.6;  H, 6.0%). 

Oxidution of 6-Kcto-7 : 7-difihenyZbicyclo[3, 2, Olhept-2-ene with Hydrogen Peroxide.-To a 
solution of the dicyclic kctonc (5 g.) in methyl alcohol (150 c.c.) cooIcd to - IO", a mixturc of 
mcthyl-alcoholic potassium hydroxide solution (KOH, 1 g.) and hydrogcn peroxitlc (8.5 C.C. ; 
150/,) was slowly added ; thc wholc was kept for 1 hour in thc freezing mixturc and for 2 hours 
at room tempcrature. Thc 
rcsitluc (5 g.) after removal of the solvcnt crystalliscd from cyclohexane or methyl alcohol in 
prisms, m. p. 116-117" (Found : C, 82.5; €-I, 6.2. C,,H,,O, requires C, 82-5; H, 5.8%). 
'I'hc lactonc was soluble in hot alkali solution and precipitated on acidification. 

2-T~enzhydrylcyclopeiztune- l-curboxylic Acid (XV ?)  .-Thc lactone ( 1 g.) was reduced in 
alcoholic solution with hydrogen and a pallatlium-norit catalyst, the hydrogen absorption 
corrcsponding to two molecules. The viscid oil obtained on evaporation of the alcohol was 
dissolvccl in sodium carbonate solution ; this was washcd with cther and acidified, and the acid 
cxtractcd with cthcr. Removal of the solvent gave the cyclopentane acid (0-8 g.), which 
crystallised from ligroin (b. p. 40-60") in large cubes with bevcllcd cdges, m. p. 125-127", 
sintcring at 117" (Found : C, 81.3; H, 7.1. 

Wc arc indebted to  thc Government Grants Committee of thc Royal Society and to  the 
Chemical Society for grants. One of us  (W. G. W.) thanks the Department of Scicntific and 
Industrial Research for a maintenance grant. 

Watcr (600 c.c.) was then added, and the Zuctone takcn up in ethcr. 

CI,H,,O, requires C, 81.4; H, 7.1%). 
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