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Cyclopentadienes, Fulvenes, and Fulvalenes. Part IV.* I ,2-Diphenyl- 
cyclopentadienes 

By P. Bladon, S.  McVey, and P. L. Pauson, and, in part, G. D. Broadhead and W. M. Horspool 

Attempts to obtain 1.2-diphenylcyclopentadiene led to its Diels-Alder dimer. Evidence for dissociation of this 
dimer has only been obtained in its reaction wi th  molybdenum carbonyl. By contrast, 1,4-dimethyl-2,3-diphenyl- 
cyclopentadiene and 1,2,3-trimethyl-4,5-diphenylcyclopentadiene exist as stable monomers, like all other di-and 
polyarylcyclopentadienes. Exact structures have been assigned to these an? other arylcyclopentadienes as well as 
several related cyclopentene derivatives on the basis of their n.m.r. spectra. 

IN the course of work on highly arylated ferrocenes 1*2 

it was desired to have all phenyl-substituted cyclo- 
pentadienes available. Moreover, detailed examination 
of the phenylation of ferrocene with benzenediazonium 
salts had led to the isolation, among other products, of 
1,2-diphenylferrocene. I ts  structure was deduced 
by eliminating all other isomers as possibilities, and 
confirmed by study of its n.m.r. spectrum. Rosenblum 
and his co-workers 5 reached the same conclusion in a more 
detailed study. However, a t  an early stage in this work 
we had unsuccessfully attempted to synthesise 1,2-di- 
phenylcyclopentadiene (I; R = Ph) in order to be able 
to prepare 1,Z-diphenylferrocene by an independent 
route, and our interest in this diene was revived by the 
American authors’ successful preparation 5 of the related 
1,2-di-(~-methoxyphenyl)cyclopentadiene (I ; R = 
$-MeOC,H,-). 

A substance described as 1,2-(vix. 3,4)-diphenyl- 

* Part  111, P. L. Pausoii and B. J.  TS‘illiaIns, J .  Chem. Soc., 
1961, 4162. 

P. L. Pauson, J .  Amev. Chem. SOC., 1954, 76, 2187. 
S .  McVey and P. Il. Pauscm, J .  Chcna. .SOL, 1965, 4313. 
(a) G. D. Broadhead, Thesis, Sheffielcl University, 1950; 

(b)  G. D. Broadhead, P. L. Pauson, ancl G. Y. D. Tiers, unpub- 
lished observations, briefly sumrnariscd in “ Son-bcnzcnoid 
Aromatic Compounds,” ed. D. Ginsburg, New Tork, 1969, 13. 
125. 

cyclopentadiene was prepared by Allen, Jones, and Van 
Allan 6 by the action of ethanolic potassium hydroxide 
on 3,4-diphenylcyclopent-2-en-l-one. However, 
repetition of this reaction 3n had shown that the product 
obtained is in fact the 1,4-isomer resulting from a phenyl 
migration. The same rearrangement occurred 3n when 
we attempted to prepare the diene by copper sulphate 
dehydration of 1,2-diphenylcyclopentan-1 ,2-diol (I I ; 

In  Rosenblum’s work the di-($-niethoxyphenyl) - 
cyclopentadiene (I ; R = jb-hkOC,H,-) was obtained 
as a byproduct in the aluminium amalgam reduction 
of 1,5-di- ($-methoxyphenyl)pentan-l,5-dione to the 
analogous diol (11 ; R = @-&kOC6H4). Presumably 
this diol was itself an intermediate, although its separate 
dehydration was not reported. However, under the 
same conditions w e  obtained only the diol (11; R = Ph) 
and none of the desired diene (I ; R = Ph) icrom 1,5-di- 
phenylpentan-1,5-dione. Dehydration of this diol (11 ; 
R = Ph) was therefore reinvestigated. Under milder 
conditions this gave a new hydrocarbon, also formed by 

C. D. Broadhead and P. L. Pauson, J .  Chenz. Soc., 1955, 

5 &I. Rosenblum, ‘vY. G. Howells, A. K. Banerjee, and C. 

6 C. I;. H. Allen, J .  E. Joncs, and J. A. \-an Allan, J .  Ovg. 

R = Ph). 

367. 

Bennett, J .  Amer.  Cheni. SOC., 1962, 84, 2726. 

Chem., 1946, 11, 265 
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Org . 30'7 
dehydration of 3,4-diphenylcyclopent-2-en-l-o1 (111 ; 
R = H). This hydrocarbon had m. p. 219-221", 
significantly higher than could be expected for a di- 
phenylcyclopentadiene, and its n.m.r. spectrum was too 

R 
R . . -  8 . :,OH Eh Ph 

complex for such a formulation. Molecular weight 
determination confirmed that i t  is a dimer of the desired 
diene (I; R = Ph). Despite its reproducible and fairl?. 
sharp melting point, the n.m.r. spectrum suggests that it 
contains more than one isomer. Several Diels-,L\lder 
dimers are possible, and we believe that the most prob- 
able of these, dinier (IV), predominates in our product. 
This structure is most nearly compatible with the 
1i.m.r. data, and by analogy with the dimers of other 
cyclopentadienes it may be assumed to be in the thermo- 
dynamically more stable endo form. When heated in 
z'aczio at  200" it is converted to a low-melting yellow 
hydrocarbon. this still has nearly the molecular 
weight expected for the dimer we regard i t  as the e m  
form of (IV), possibly admixed with monomer. Another, 
probably similar, hydrocarbon (mixture) was obtained 
in low yield by dehydration of 3,4-diphenylcyclopent- 
3-en-1-01. However, we were unable to isolate pure 
monomer, and the whole product reverted to the 
origina 1 (eizdo) compound (IV) on standing or slow heating. 
More vigorous pyrolysis caused isomerisation of the 
monomer-presumably formed as an intermediate-to 
1,4-diphenylcyclopentadiene. In several of the above 
preparations, the dimer (IV) was accompanied by a less 
soluble hydrocarbon, m. p. 265-2'i0°, regarded as a 
trimer or higher polymer. 

\f7hen the dimer (IV) was heated with hexacarbonJ-1- 
molybdenum a complex C,oH2,Mo,0, was formed. This 
must be formulated as bis(tricarbonyl-l,2-diphen>.l- 
cyclopentadienylmolybdenum) (V;  R1 = Ph, R2 = H). 
It is similar, but not identical in properties, to the isomeric 
1,3-diphenyl derivative (V; R1 = H, R2 = Ph), pre- 
pared to show that no phenyl migration had occurred. 
This was further confirmed by lithium-ethylarnine 
reduction of the complex (V; Iil = Ph, R2 = H). As 
this process causes metal-ligand cleavage at  low tempera- 
ture and under non-acidic conditions, it n7as hoped that 
it might finally lead to the monomeric diene (I ; R = Ph) ; 
but the only crystalline component isolated from the 
gummy organic product was again the dimer (11:). 

An attempt to prepare an isomer of the dimer (11') 
by reduction of the diketone (VI) was unsucccssful; 
although it readily formed a di-hydrazone (but only 
a mono-2,i-dinitrophenylhydrazone), no hydrocarbon 

D. J .  Cram, M. R. Tr. Sahyun, ancl G. I<. Knos, J .  ilme;. .  

* C. I?. H. Allen, C h e w  Rev., 1962, 62, 66%; cf. C. F. H. Allcn 
Chem.  Soc., 1962, 84, 1734. 

and J .  W. Gates, jun. ,  J .  Awev. Clzem. SOL.., 1942, 64, 2123. 

could be isolated after subjecting the hydrazone to the 
Cram modification of the Wolff-Kishner reduction. 
The n.m.r. spectrum of the diketone (VI) not onl!. 
confirms its structure, which was, until recently,s a subject 
of some debate, but further establishes its stereochemistry 
as the emdo isomer (VI). The resonance due to EI-k 
appears as a doublet T 6-87 with JnA-nB = 5 c./sec. 
HB itself gives rise to  a double doublet a t  T 6-18, the 
major splitting again being 5 c./sec. A model of the 
endo isomer shows that the dihedral angle between these 
two hydrogens is about 30", consistent with such a value 
of the coupling constant. In  the exo isomer the corres- 
ponding angle is nearly go", and hence should lead 
to a very small value. The minor splitting ( J  = 2 c./sec.) 

ohseriyed for HI! is due to coupling with Hc', which itself 
shows the corresponding doublet a t  z 5.5.  The largc 
ITalue for such a long range coupling may be due to th t  
rigid ring system holding HR and Hc in a fixed orient- 
ation, which allows maximum overlap of the minor lobes 
of the qb3 orbitals of the carbon atoms with the anti- 
bonding orbitals associated with the carbonyl group.10 
The value of J is marginally higher than would be ex- 
pected (1-5 c./sec.) for honioallylic long range coupling 11 
between these two hydrogens, although it may be argued 
that the rigid strained ring system would enhance this 
mechanism also (cf. the examples given below in the 
monocyclic series). The resonance of H D  is buried among 
that due to the phenyl protons, which give rise to four 
sharp peaks together with some more fragmented reson- 
ance in the region T 2.5-3.3. 

In  contrast to our failure to obtain 1,2-diphenyl- 
cyclopentadiene, its di- (VII) and tri-methyl (VIII) 
derivatives were readily obtained by dehydration of the 

Me H Me Me 

Ph 
Ph 

l(S) 

alcohols (IX; K = H or Me), and were stable monomers. 
The apparent instability of 1,2-diphenylcyclopenta- 
diene as a monomer is all the more difficult to understand 

hl. Karplus, .J. Chem.  Phys., 1969, 30, 11;  J .  Awzer. Chew. 
Soc., 1963, 85, 2870;  I<. I,. TVilliamsoii and W. S. Johnson, ibzd., 
1961, 83, 4623. 

Cf. J .  &lein\rald and A. Lelvis, J .   AWE^*. Cheni. Soc., 1061, 
83, 2'769. 

l1 For a review see J. Sterrhcll, Rer. Pu:.e APPI. Chem. (Azrs- 
tra!in), 1964, 14, 15. 
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in view of the stability of these, of 1,2-di(@-methoxy- 
phenyl) cyclopent adiene,5 and of all other phenyl- 
substituted cyclopentadienes. 

The double bond positions in the dienes (VII) and 
(1'111) and in 1,4-diphenyl- (X), 1,2,3- (XI) and 1,2,4-tri- 
phenylcyclopent adiene (XI I) have been established by 
study of their n.1n.r. spectra. The results (excluding 
the phenyl protons which give broad multiplets between 
7 2.2 and 3 4 )  and assignments are summarised in Table 1. 

however, has one completely unconjugated phenyl 
group a t  C,. Its structure follows unambiguousll- 
from the n.m.r. spectrum, which shows that none of the 
methyl groups is sufficiently strongly coupled to the 
methine hydrogen (H,) to admit one of the alternative 
structures, but the complex coupling pattern is well 
accounted for, for each of the three clearly resolved 
methyl peaks, by the assignments shown (Table 1). 

Several of the above cyclopentadienes are obtained 

TABLE 1 

N.m.r. results arid assignments for the dieiies (VII), (VII I ) ,  and (X-XII) 

Coinpountl Sol\-cnt 
x C DC1, 

XI ('DC1, 
XI I C'DCI, 
\'I1 CDCl, 

Y I l I  CCI, 

(4 l lethyl protons in italics. 
coiifirined by spin decoupling. 

Chemical shifts (7)  of H or CII, a t  
ring positions: (I 

Coupling 
con stan ts Ultraviolet niaxiiiia (nip) in 

3 1 I 3 4 5 (c .  jsec.) 95% ethanolb 
- 3.09 3.09 - 6.23 J S 5  = 1.25 235 (4-15) ; 350 (4.42) 

5-30 6.42 J 45 - - 1 .5  240 (4-32) ; 308 (3.89) __ - __ 
- 3.0oc - 6.10 J35 = 1.0 238 (4.14); 265 (4.17); 350 (4.23) - 
1.97 - - - 6-90 .JIt5 < 0-2  237 (4.23) 
5.27 8.10 7 - 9 4  - 5.89 J 3 j 5  = 1.9 227 (4.01); 301 (4.09) 

J1,2, = 1.1 
J I T 5  = 0.95 

1.0;: E in parenthcses. Assignment of this band which is close to tha t  of the phenyl protons I\ <L\ 
Inflcction. 

Previously the method had only been applied to methyl- 
cyclopentadienes,12 which were shown to form equili- 
brium mixtures of three isomers differing in double- 
bond positions. The arylcyclopentadienes have each 
been isolated in only a single crystalline form, and 
i t  is generally assumed that tautomeric change is 
sufficiently facile to permit the most stable isomer to 
be formed as the exclusive product in every case. Only 
in one case, however, that of 1,4-diplienylcyclopentadiene 
(X),  has the actual position been established chemi~a1ly.l~ 
The present results confirm the previous assignment 
based on ozonolysis. The equivalent pairs of HAL, 
HA,., and Hg, HBt each give rise to  triplets, the expected 
pattern for an A2B2 system where Jali must equal 
JL2B#.14a The structures of both the triphenylcyclo- 
pentadienes, (XI) and (XII) confirm the expectation that 
the double bond positions a.ill be such as to allow maxi- 
mum conjugation. The assignments (Table 1) all follow 
on first-order principles, and the ultraviolet spectra are 
in good agreement with these assignments. Compounds 
(X) and (XII) with diphenylbutadiene chromophores 
have highest wavelength maxima at  350 m p ,  whereas 
the maximum at 308 mp in tlie 1,2,3-triphenyl derivative 
(XI) may be associated with the stilbene grouping. 
More surprisingly, the methyl-substituted dienes lack 
even stilbene-like conjugation. ,The peak at  301 nip 
in the spectrum of the trimethyl derivative (17111) 
niay be assigned to the phenylbutadiene system.] The 
presence of a methylene group clearly establishes tlie 
structure of the dimethyl compound (VII), which at  least 
achieves conjugation of each benzene ring separately 
with one double bond. The trimethyl compound (VIII), 

12 S. RfcLean and P. Haynes, Tetvnhcdron Lcttevs,  19G4, 2385. 
13 N. I,. Drake and J .  R. Aclarns, jun., J .  A4mer. Chem. Soc., 

1939, 61, 1326. 

from the corresponding cyclopentenones (XIII) ,  and 
these in turn by reduction of the hydroxycyclopenten- 
ones (XIV). It was found that the traditional hydriodic 
acid method for the latter step gives lower yields than a 
two-step process : borohydride reduction to the diols 
(XV; X = H), followed by dehydration with alcoholic 
hydrogen chloride. 

R '  R '  I 

Treatment of the diphenylcyclopentenediol (XV ; 
R1 = R2 = X = H) with dirnethyl sulphate and sodium 
hydroxide gave its dimethyl ether, and if the hydroxide 
was replaced by hydride dehydration to the ketone 
(XIII ;  R1 = R2 = H) was the only result. No trace 
of a nionomethyl ether was obtained. However, with 
acetyl or benzoyl chloride and pyridine the diol (XI7; 
R1 = R2 = X = H) was readily monoacplated to gi\-e 
the corresponding derivatives (XV; R1 = R2 = H, 
X = COMe or COPh). The n.ni.r. spectra of several 
of the cyclopentenes (XIII)  and (XV) are recorded in 
Table 2. In  each case the magnitude of the coupling 
constants reveals the stereochemical relationships of the 
interacting groups [indicated in the Table with reference 
to formula (XVI)] and the diols (XV) are thereby shown 
to have the oxygen atoms in tvnizs-positions. In 
harmony with this conclusion the infrared spectra (see 
Experimental section) of the acyl derivatives (XI- ;  

( a )  D. 11. Grant, R. C. E r s t ,  and H. S. Gutowsky, J .  Chciiz. 
Phy's., 1963, 38, 470; (h )  M. Barfield and D. 11. Grant, J .  * ~ H ? P J .  

Chem.  SOC., 1963, 85, 1899. 
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R1 = R2 = H, X = COMe or COPh) show no evidence 
of intramolecular hydrogen bonding. 

In two of the ketones (XIII ;  R1 = R2 = H and 
K1 = Ph, R2 = H) the geminal coupling constants of 
the pair of hydrogens adjacent to the carbonyl group 
have valucs -18.5 and -19.0 c./sec. (a negative sign 
is inferred by analogy with other geminal coupling 
constants). The high numerical value is consistent with 
the 120" interbond angle and the prescnce of the adjacent 
carbonyl group.14b 

The whole series of compounds provides examples of 
vicinal (3 bond) coupling constants in five membered 
rings. The variation of Jvlc with dihedral angle (#) 
can be summarised: C$ = 0", Jyic = 6.9-7-5 c./sec; 

c./sec. These values are in reasonable agreement with 
+ = GO", JTic = 2.5-3.0 c./sec.; # = 120°, Jvic = 4.0 

would convert the benzoate (XV; R1 = R2 = H, 
X = COPh) to the carbinol (XIX) or the benzoate (XS) .  
Diels-,Alder dimerisation of the former (XIX) and loss of  

H 
IX V I l )  

t ' h w l ' ;  0:; Ph 

R '  
R2 

( X V I I I )  (X 1x1 

water (not necessarily in this order) would afford the 
ether (XVII). Homolytic cleavage of the ester (XX), 
coupling of the radical so formed, and prototropic shifts 

Derivative of 
cyclopentene (XVI) 

3,3x-Diphenyl-5-oxo 

1,4a-Dimethy1-2,3a-diphenyl- 

1,2,3a-Triphenyl-5-oxo 
2,3a-Diphenyl-3P,5a-di- 

2,3a-Diphenyl-3$-hydroxy- 

2,3u-DiphenyI-3$-hydroxy- 

1,3,3a-Triphenyl-3P, 5u-di- 

5-OXO 

hydroxy 

ba-acetoxy 

5u-benzoyloxy 

hydroxy 

TABLE 2 
N.m.r. results and assignments for cyclopentene derivatives 

Chemical shifts (T) of H, OH, or CH, 
a t  ring positions : a Coupling constants 

(c. /sec.) 

J ~ U , ~ P  = 15.5 

Solvent 1 3p 4a 48 5 x  5p 
CCl, 3.33 5.42 7-66 7.04 - - J ~ , , P  == 2 ;  J 3 f i . 4 ~  = 7.5; J 3 p , a x  == 3.0; 

CDC1, 7.92 5.37 9.26 7.09 - - J1',,p = 2.2;  J 3 ~ , 4 p  = 7.5; J4a1,pa = 7 . 3  

the recognised equation relating the vicinal coupling 
constant and dihedral angle. Both the allylic (4 bond) 
and homoallylic (5 bond) couplings in the ketones 
(XIII ;  R1 = R2 = H and R1 = R2 = Me, respectively) 
are slightly greater (2.0 and 2.2 c./sec.) than would be 
expected. 

All the compounds in Table 2 have a phenyl group 
in the position arbitrarily designated 3a and one at  
position 2. The shielding of the 4a hydrogens relative 
to 49 is readily explained if we assume that the plane 
of the 3%-phenyl group is nearly normal to that of the 
cyclopentene ring, due to  steric interference with the 
2-phenyl ring. The 4a-hydrogen then lies above the 
plane of the 3a-phenyl ring. 

Refluxing the benzoyl derivative (XV; R1 = R2 = H, 
X = COPh) with oxalic acid in benzene gave a mixture 
of the ketone (XIII ;  R1 = R2 = K) (27%), an ether 
C,4H,60 (49%) and a hydrocarbon C,,H2, (8%). On the 
basis of their n.m.r. and i.r. spectra and the following 
postulated mechanisms of formation, we formulate these 
last two tentatively as the bridged ether (XVII) and the 
dihydrofulvalene (XVIII; R1 or R2 = P h ;  R2 or 
R1 = H), respectively. Loss of benzoic acid or water 

x 

would give the hydrocarbon (XVIII ; R1 = Ph, R2 = H). 
I ts  U.V. maximum at 380 mp strongly suggests the full:7 
conjugated structure. The methylenes resonate as a 
doublet a t  7 6.8; splitting must result either from allylic 
coupling or from a chemical shift difference if the molecule 
has undergone a phenyl migration to  the unsymmetrical 
structure (XVIII; R2 = Ph, R1 = H). 

EXPERIMENTAL 

N.m.r. spectra were obtained on a Perkin-Elmer R-10 
spectrometer operating at  40 or 40.004 Mc./sec. Unless 
otherwise stated, spectra were obtained in CDCl, as solvent 
with tetramethylsilane added as internal standard. The 
temperature was 33.5". In all cases integrated intensities 
were obtained and agreed, within experimental error, with 
the assignments made. 

Reaction of 3,4-Dipheny2~yclopent-2-en-l-one with Sodiwm 
Hydi.uxide.-Following Allen et al. ,6 3,4-diphenylcyclopent- 
3-en-1-one (14 g., 0-06 mole) was dissolved in ethanol (100 
ml.) containing potassium hydroxide (8.4 g., 0.15 mole). 
The mixture was heated under reflux for 15 hr., then diluted 
with water and extracted with ether. The ether extract 
was washed until neutral, dried, and evaporated, and the 
residue chromatographed on alumina. The product, 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
66

. D
ow

nl
oa

de
d 

by
 T

em
pl

e 
U

ni
ve

rs
ity

 o
n 

24
/1

0/
20

14
 0

0:
25

:4
0.

 
View Article Online

http://dx.doi.org/10.1039/j39660000306


310 J. Chem. SOC. (C), 1966 

isolated in low yield, was identified as 1,4-diphenylcyclo- 
pentadiene l3 by its m. p. 161", undepressed by mixing with 
an authentic sample, and by comparison of its i.r. spectrum 
and mixed m. p. of its picrate l3 with authentic material. 

Dehydration of 1,2-Diphenylcyclo~entan-1,2-diol (I1 ; R = 
Ph) with Copper Sul~Jzate.-1,2-Diphenylcyclopentan-1,2- 
diol (0.2 g., 0.008 mole) and anhydrous copper sulphate 
(0.5 g., 0.03 mole) were heated under vacuum (0.01 mm.) 
to 180-210" (bath temp.) for 1 hr. Working up as in the 
preceding experiment yielded a trace of 1,4-diphenylcyclo- 
pentadiene. 

3,4-DiphenyZcjdo~ent-2-en-l-ol (I11 ; R = H)  .-(a) To a 
suspension of 3,4-diphenylcyclopent-2-en- l-one (XIII ; R1 = 

li2 = H) (10 g., 0.04 mole) in methanol (125 ml.) was added 
sodium borohydride (1.2 g.) dissolved in water ( 5  ml.). 
A vigorous reaction took place. The mixture was left for 
1 hr. and then warmed on a steam-bath until most of the 
solvent had evaporated. On cooling, an oil separated and 
soon crystallised. Hecrystallisation from cyclohexane gave 
a product (3-1 g., 7Sy0), ni. p. 103-105", v,,,. (KC1 disc) 
3390 cni.-l (OH), suitable for further reactions. Further 
purification raised the m. p. to 107-108.5", depressed to 
95" by the initial ketone (m. p. 107.5-109.5") (Found: 
C, 86.6; H, 6.9. CliHl, requires C, 86.4; H, 6.8%). 

= H) 
(9.0 g., 0.038 mole) in a mixture of dry toluene (50 ml.) 
and isopropanol (30 nil.) was added a solution of aluminium 
isopropoxide (30 g., 0.148 mole) in toluene (60 ml.) and 
isopropanol (130 nil.), and the whole heated with stirring 
a t  SO" for 3 hr. and then a t  100" for 19 hr., with slow distill- 
ation of solvent, while maintaining a constant volume by 
dropwise addition of isopropanol. The solution was then 
concentrated under reduced pressure, added to 20% 
h-aOH, and extracted with ether. The ethereal solution 
was mashed to neutrality, dried (Na,SO,), and evaporated. 
Chroniatography of the residue on alumina afforded un- 
changed ketone (4 g., 45",), eluted with ligroin-benzene, 
and the carbinol ( 3  g., 330,;)) eluted by ether, m. p. 104- 
lOG", undepressed by admixture with a samplc prepared by 
method ( a ) .  

3,4-Di~henylc~~c~o~ent-3-en-l-ol.-This was conveniently 
obtained using sodium borohydride in place of lithium 
aluiiiinium hydride,15 but in somewhat lower yield. Follow- 
ing the above procedure with 3,4-diphenylcyclopent-3-en- 
l-one l5 (4-5 g., 0.019 mole) and sodium borohydride (0.6 g.) 
gave the desired carbinol (3.0 g., 66%), m. p. 102-104" 
(lit.15 102-5-103.5"), v,,,. (KC1 disc) 3413 cni.-l (OH). 

2,5-Divnethyl-3,4-dipJaenylcyclopent-2-en-l-ol (111 ; R = 
Me) .-This cavbinol was obtained similarly from the corres- 
ponding ketone (XII I ;  R1 = R2 = Me) (2 g.,) with sodium 
borohydride (0.24 g.). It formed colourless prisms (1.8 g., 
900,;) from cyclohexane, m. p. 102-104", vmax. (KC,l disc) 
3340 cm.-l (OH) (Found: C, 86.6; H, 7.7. C,,H,,O 
requires C, 86.3; H,  7-60,/,). 

3,4-Diphenylcyclofient-2-e7z-1,4-diol (XV; R1 = R2 = 
X = H).-This was obtained from the ketone (XIV; R1 = 
R2 = H) (2.45 g.) by thc same procedure employing sodium 
borohydride (0-3 g.). Crystallisation from benzene gave the 
dzol (2-46 g., 96o/b) as colourless plates, m. p. 149-151", 
v,~~,,, (KCI disc) 3390 cm.-l (OH) (Found: C, 79.9; H, 6.4. 
C1,H1,02 requires C, 80.9; H, 6.3%). The diol (2-54 g., 
0.01 mole) in benzene-pyridine (1 : 1, 8 ml.) was treated with 
benzoyl chloride (1.3 g., 0.01 mole) at 0". The mixture 
was left at room temperature for 30 min., then poured into 
water and extracted with ether. The extract was washed 

( b )  To a solution of the ketone (XII I ;  R1 = 

in turn with water, dil. hydrochloric acid, 10% sodium 
hydrogen carbonate, and again water, dried (Na,SO,) , 
and evaporated. The benzoate (XV; R1 = R2 = H, 
X = COPh) (2.9 g., 82y0) crystallised from benzene-light 
petroleum, 111. p. 112-114", vmax. (KC1 disc) 1695 crn.-' 
(CO), 3460 cm.? (OH); v,,,~,. (CCl,) 1719 cni.-I (CO) 3605 
cm.-l (OH) (Found: C, 80.5; H, 5.3. C,,H2,0, requires 
C, 80.8; H, 5.60,;). Similar reaction of the diol (5.0 g., 
0.02 mole) with acetyl chloride (1.58 g., 0.02 mole) afforded 
the acetate (XV; R1 = R2 = H, X = COMe) (4.76 g., 82%) 
which crystallised froni cyclohexane, ni. p. 103-105", 
v , , ~ ~ .  (KC1) 1709 cm.-l (CO), 3448 cm.-l (OH); v,, (CC1,) 
1740 cm.-l (CO), 3610 cm.-l (OH) (Found: C, 77.4; H, 6-4. 
C,,H,,O, requires C, 77.5; H, 6.1%). The diol (5.08 g., 
0.02 mole) in methanol (50 ml.) was treated with dimethyl 
sulphate (2.5 g., 0.02 mole) followed by aqueous sodium 
hydroxide (4 ml., 20%). After refluxing for 1 hr. the mix- 
ture was poured into water and extracted with ether. The 
washed and dried (Na,SO,) extract was evaporated, and 
the residue chromatographed on silica gel. Benzene- 
ether (9 : 1) eluted 1,4-di~netJ~oxy-3,4-diphenylcyclopent- 
2-ene (2.6 g., 86Oj) which distilled a t  175" (bath temp.)/ 
0.01 mm. as a colourless oil, v,,,. (liquid film) 1115, 1093 
cm.-l (C-0-C) (Found: C, 80.9; H, 7.2. Cl,H,,02 requires 
C, 81.4; H, 7.1y0). Benzene-ether (1 : 1) eluted unchanged 
diol (1-9 g.). 

2,3,4-T~~i~hen~~lcyclope~~t-2-e7z- l ,4-d~01 (XV; R1 = Ph, 
R3 = X = H).-Reduction of the ketone (XIV; R1 = 
Ph, R2  = H) (10 g., 0.03 mole) by the same method using 
sodium borohydride (1 g.) afforded this diol (9-6 g., 96%) 
as colourless plates, crystallising from benzene, m. p. 172- 
174", vmaX. (KC1 disc) 3360 cm.-l (OH) (Found: C, 84.9; 
H, 6.5. C2,H,,02 requires C, 84.1; H,  6.1%). 

5-LWetJzyl-3,4-diphenylcydopent-2-en-l,4-diol (XV ; R1 = 
X = H, R2 = Me).-Similar reduction of the ketone (XIV; 
R1 =- H, R2 = RIe) (14 g., 0.053 mole) with sodium boro- 
hydride (1.7 g.) gave this diol (12.5 g. 9OY0) as colourless 
needles, crystallising from benzene, m. p. 200-202", 
v,,,. (KC1 disc) 3356 cni.-l (OH) (Found: C, 80.5; H, 7.1. 
C1,H,sO, requires C, 81.2; H, 6.8%). 

2,5-Dii~~ethyl-3,4-di~~zen~llcyc~opent-2-ei~-l ,4-diol (XV; 
R1 = RZ = M e, X = H).-Analogous reduction of the 
ketone (XIV; R1 = R2 = Me) (10 g., 0.036 mole) with 
sodiuni borohydride (1.2 g.) gave this diol (9.4 g., 9476) 
as colourless needles crystallising from benzene, m. p. 140- 
142", vnIax. (IK1 disc) 3448 cm.-l (OH) (Found: C, 80.8; 
H, 7-1. Cl,H2,0, requires C, 81.4; H, 7.1%). 

Dehydration of tJLe Diols (XV) to  the Ketones (XIII).- 
(a) Each of the above diols was dehydrated by heating under 
reflus for 1 hr. in a mixture of conc. hydrochloric acid (1 
part) and ethanol (10 parts). Dilution of the resulting 
solutions gave the known ketones (XIII) (90-950/b) 
identified by m. p. and mixed m. p. with authentic samples. 
In  one case (XV; R1 = X = H, R2 = Me) the ketone 
(XII I ;  R1 = H, R2 = Me) (85%) was identified by its 
m. p. 75-77', and by formation of a 2,4-diizitrophenyl- 
Jzydrazone, m. p. 202-204" (Found: N, 12.8. C2,H2,N40, 
requires N, 13.170). 

(b) in an attempt to obtain the mono-methyl ether (XV; 
R1 = R2 = H, X = Me), the diol (XV; R1 = R2 = X = 
H) (3.5 g., 0.014 mole) in tetrahydrofuran (40 nil.) was treated 
with sodium hydride (0.66 g., 0.014 mole; 50% dispersion) 
and the mixture heated under reflux for 2 hr.;  dimethyl 

E. J. Corey and H. Uda, J .  Amer. Chem. SOC., 1963, 85, 
178s. 
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sulphate (1-7G g . ,  0.014 mole) in tetrahydrofuran (5  ml.) 
was then added, and heating continued for 30 min. After 
pouring into water, extraction with ether, evaporation 
of the dried extract, and crystallisation from cyclohexane, 
3,4-diphenylcyclopent-2-en-l-one ( X I I I ;  R1 = R2 = H) 
(3.1 g., 950,,), m. p. and mixed m. p. 109-110" was obtained. 

(c) In an attempt to convert the diol (XV; R1 = R2 = 
Me, X = H) (10 g., 0.036 mole) into a benzoate, dehydration 
to the ketone ( X I I I ;  R1 = R2 = Me) (8.8 g., 94%) re- 
sulted. The reaction was carried out by mixing a cooled 
solution of the diol in benzene-pyridine (1 : 1 ;  30 ml.) 
with benzoyl chloride (4.5 g., 0.032 mole), and allowing the 
mixture to stand at room temperature for 30 min. After 
pouring into water, extracting with ether, and evaporating 
the washed and dried extract, the residue was chroniato- 
graphed on silica gel in benzene. The product had 111. p. 
114-1 16", undepressed by an authentic specimen. 

1,4-Diwethyl-2,3-diphenylcycZopentadiene (VII) .-The 
carbinol (111; R = Me) (0.5 g., 1.9 mmole) and concen- 
trated hydrochloric acid (1.2 nil.) in methanol (15 ml.) 
were heated under reflux for 1 hr. On cooling, the diene 
(0.3 g., 65%) separated. Itecrystallisation from methanol 
gave pale yellow needles, m. p. 89-90' (Found: C, 93.5; 
H, 7.1. ClgH18 requires C, 92.7; H, 7.10/,). 

1,2,3-TriwethyZ-4,5-di~henylcyclopentadiene (VIII) .-The 
ketone ( X I I I ;  R1 = R2 L=; M e) (17 g., 0.065 mole) in ben- 
zene (125 ml.) was added to methylmagnesium iodide 
[prepared from magnesium (2.4 g., 0.1 g. atom) and methyl 
iodide (16 g., 0.1 mole) in ether (50 inl.)]. After stirring 
a t  room temperature overnight, the mixture was heated 
under reflux for 1 hr., then poured on to a mixture of ice 
and ammonium chloride and extracted with ether. The 
dried (Sa2S04) ether extract on evaporation yielded an 
orange-yellow gum. This was chromatographed on alumina, 
in petrol, to give a yellow oil which crystallised from meth- 
anol. 1,2,rj-Triv~etlzyl-3,4-d~p?tenylcy~l~~entadiene (3.5 g., 
21%) formed colourless prisms, ni. p. 87-S9" (Found: C, 
91.8; H, 8.0. C,,H2, requires C, 92-3; H, 7.7%). 

Bis-( 1,2-diphenyZqdofientadiene) (IV) .-(a) From the 
cavbiqzol (111; R = H).  A mixture of concentrated hydro- 
chloric acid (4.8 ml.) and 3,4-diphenylcyclopent-2-en- 1-01 
(111; R = H) (2.36 g.) in ethanol (44 nil.) was heated under 
reflux for 1 hr., and the product removcd by filtration of the 
hot suspension obtained. Extraction of the residue with 
hot ligroin left a yellow insoluble hydrocarbon (the 
" trimer ") (0.06 g.), m. p. 265-270" (Found: C, 92-3; 
H, 6-7. (C1,H14)n requires C, 93.5; H, 6.5%). Evapor- 
ation of the filtrate gave the divtzer (IV) (0.52 g., %yo), 
which forms an almost colourless microcrystalline powder 
from ligroin m. p. 219-222", A,,,. 260 (log E 3.87), 276 mp 
(log E 4.33) (Found: C, 93.7; H, 6-77;; iM (cryoscopic in 
benzene), 453. CZ4H2, requires C, 93.5; H, 6.576 ; M ,  436). 
The same product was obtained in an experiment in which 
methanol replaced ethanol, whilst only a trace of the 
" trimer " was isolated from an experiment in the latter 
solvent a t  room temperature (48 hr.), and again from an 
experiment using sulphuric acid in place of hydrochloric 
acid. 

An attempt to effect the dehydration with phosphorus 
oxychloride in pyridine solution a t  room temperature (64 
hr.) gave only tarry products and a trace of unchanged 
carbinol (111; R = H).  

(b) Frow 1,2-diphenylcyclopentan-l,2-diol (11; R = Ph). 
The diol (4.72 g.) was dissolved in ethanol (75  ml.), con- 
centrated hydrochloric acid (5 nil.) was added, and the 

mixture was heated under reflux for 2 hr. The dinier (IV), 
m. p. 218--220", undepressed by admixture with the above 
product, was isolated in low yield from the gum which 
separated on cooling. The same product (0-15 8.) was 
formed, presumably by dehydration of the same diol formed 
as an intermediate, when 1,5-diphenylpentan- 1,5-dione 
(4 g.) and zinc (15 g., added in small portions) were heated 
under reflux for 5 hr. in acetic acid (75 ml.). 

Dehydration of 3,4-DiphenyZcycZopent-3-en-l-oZ.-(a) With 
lzydrogen chloride. Treatment of this carbinol (0.5 g.) as 
described for the A2-isomer above led to its recovery (0.39 g., 
78y0), substantially unchanged. 

The carbinol (0.5 g.) was heated 
in acetic acid (10 ml.) containing concentrated sulphuric 
acid (1 nil.) for 15 min. The mixture was poured into water, 
extracted with ether, and the washed (NaHCO,) and dried 
(Na,SO,) extract evaporated. The residual oil was 
chromatographed on alumina in ligroin to give a yellow 
solid (20 mg.), m. p. 105-1 loo, having a similar i.r. spectrum 
to, and believed to be isomeric with, the dimer (IV). 

Pyrolysis of Bis-( 1,2-diphenylcyclopentadiene) (IV) .-(a) 
At 200". The dimer (0.2 g., 0.5 mmole) was heated to 
20Oo/0.l mm. in a sublimation apparatus with a water- 
cooled cold-finger. The sublimate, m. p. 85-95", is 
regarded as the exo form of bis-( 1,2-diphenylcycZopentadiene), 
possibly admixed with monomeric 1,2-diphenylcyclo- 
pentadiene (Found: C, 92.5; H, 6.6% ; M (cryoscopic in 
benzene), 374. Cs4H2, requires C, 93-5; H, 6-50;,; .&I, 
436). 

The dimer (IV) (0.5 g.) was heated in a 
flask with a long side arm under a nitrogen atmosphere a t  
360". The compound which gradually collected in the side- 
arm was recrystallised from ethanol and identified as 1,4-di- 
phenylcyclopentadiene by its i.r. spectrum, m. p. and 
mixed m. p. with an authentic sample. 

Derivatives of the Diketovte (VI) .-(a) 2,4-Dinitrophenyl- 
hydraxolze. Addition of alcoholic 2,4-dinitrophenylhydr- 
azine sulphate to a solution of the diketone (VI) in the same 
solvent gave a bright red precipitate of the mono-2,4- 
dinitrol,~~enyl?ydraxone, crystallising from ethyl acetate, 
111. p. 248-250" (decomp.), vmau. (KC1 disc) 1773 cm-1 
(CO) (Found: N, S.9. C4,H2,N405 requires N, 8.7%). 

(b) Dihydrazone. A mixture of the diketone (VI) 
(1.1 g.) and aqueous hydrazine (20 ml.) was heated under 
reflux for 9 hr. The resultant oil was separated by decant- 
ation and crystallised from ethanol, giving the dihydrazone 
(0.8 g., 68%), m. p. 155-161" (Found: N, 10.4. 
C,,H,,,N4 requires N, 11.4%). No hydrocarbon could be 
obtained on chromatography of the product from this 
hydrazone (2 g.) added over 3 hr. to a solution of potassium 
t-butoxide (2 g.) in dimethylsulphoxide ( 5  ml.) (cf. ref. 7) .  

Bis- (tricarbonyl- 1,2-diphenylcycZopentadienylwzolybden urn) 
(V; R1 -- Ph, R2 = H).-The dimer (IV) (1.1 g., 2.5 
mmole) and hexacarbonylmolybdenum (1.2 g., 5 mmole) 
were heated in an autoclave under carbon dioxide a t  200" 
for 24 hr. Extraction with benzene, evaporation, and 
Chromatography of the product in ligroin on alumina gave 
unchanged hydrocarbon (IV) (0.25 g., 22y0), followed on 
elution with ligroin-benzene (4 : 1) by the cowzplex (V; 
R1 = Ph, R2 = H) (0.5 g., 20%). This formed purple 
needles from benzene-ligroin, m. p. 341-345" (decomp.), 
vmaX. in the metal-carbonyl region a t  2020, 1961. and 1905 
crn.-l (Found: C, 61.9; H, 3.2; 0, 11.7. C4,H&0,O6 
requires C, 61.5; H, 3.3; 0, 12.1y0). Adding a solution of 
this complex (0.5 g., 0-58 mmole) in anhydrous ethylamine 

(b) With sulphuric acid. 

It reformed the endo isomer (IV) on slow heating. 
(b) A t  360". 
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(10 ml.) over 5 min. to lithium metal (0.1 g., 0.014 g. atom) 
and stirring for 20 min. gave, after pouring the mixture on 
to ice, extracting and chromatographing, a small amount of 
bis-( 1,2-diphenylcyclopentadiene) (IV), m. p. 217-219". 

devzum) (V; R1 = H, R2 = Ph).-This was obtained in the 
same manner as its isomer (above), from 1,4-diphenyl- 
cyclopentadiene (1.06 g., 5 mmole) and hexacarbonyl- 
molybdenum (1.2 g., 5 mmole). On crystallisation from 

(0.9 g., 36%) formed purple prisms, m. p, 284-288" 
(depressed by  the above isomer to 240-249'), vmax. in the 
metal-carbonyl region at 2028, 1980, and 1942 crn.-l 
(Found: C, 62.1; H, 3.9. C,,H26M~20, requires C, 61-5; 
H, 3.3%). 

5-Methy1-3,4-diphenylcycZopent-2-en-l-o~ze (XIII ; R1 = H, 
R2 = Me).-This ketone, required (see above) for the pre- 
paration of the corresponding diol, was prepared by a 
modification of the method of Japp and Knox,lG since, 
in our hand, their procedure gave only the uncyclised 
3-methyl-1,2-diphenylpent-2-en-1,4-dione. A mixture of 
benzil (60 g., 0.29 mole) and methyl ethyl ketone (21.6 g., 
0.3 mole) was stirred with potassium hydroxide (3 g.) in 
ethanol (10 ml.) for 5 hr. The resulting solid was washed 
with water and then ether, and crystallised from methanol. 
The ketone (41.5 g., 55%) formed colourless prisms, m. p. 
180' (1it,,l6 180'). N.B. Japp and Knox l6 report the form- 
ation of the isomeric 2-methyl-3,4-diphenylcyclopent-2-en- 
l-one (XII I ;  R1 = Me, R2 = H) by essentially this 
procedure ( !) . Sodium borohydride reduction of the 
ketone (XIII;  R1 = H, R2 = Me) (1.5 8.) gave the corres- 
ponding carbinol as a colourless oil (1.3 g., 87y0), v,,,. 
(liquid film) 3373 cm.-l (OH), possibly a mixture of stereo- 
isomers, but dehydration of this crude carbinol with 
ethanol-hydrochloric acid failed to give a crystalline 
hydrocarbon. 

Dehy dvation of 1 -Bewzoyloxy-3,4-diphenylcyclopent-2-euz- 

Bis-(tricarbonyl- 1,3-diphenylcycloPentadieney1molyb- 

benzene-ligroin, the complex (V; R1 = H, R2 = Ph 

J. Chem. SOC. (C), 1966 

4-01 (XV; K1 = R2 = H, X = COPh).-(a) The benzoate 
(0.5 g.) on refluxing in ethanol (11 ml.) with concentrated 
hydrochloric acid (1.2 nil.) for 1 hr. gave the ketone (XII I ;  
R1 = R2 = H) (0-31 g., 94%) probably via hydrolysis 
to the diol (XV; R1 = R2 = X = H). The corresponding 
acetate (XV; R1 = R2 = H, X = COMe) behavedsiniilarly. 

(b) A solution of the benzoate (7-1 g.) in benzene (600 ml.) 
was refluxed through a Soxhlet apparatus containing an- 
hydrous oxalic acid for 12 hr. The mixture was poured into 
water, the organic layer washed with 10% sodium hydrogen 
carbonate solution and with water, and dried (Xa,SO,). 
After evaporation, the residual gum was chromatographed 
on silica gel. Ligroin-benzene (3  : 1) eluted a hydrocavbon 
(0.34 g., 8%),  in. p. 235-239" (Found: C, 92.7; H, 6.0:/,; 
ill (cryoscopic in benzene), 326. C,,H2, requires C, 94-0; 
H, 6.0:;; Ag, 434). I ts  n.1n.r. spectrum showed only a 
peak at  7 6.8 (doublet) (CH,) and a complex pattern in the 
phenyl (+ olefin) region at T 2.5-3.0. The ketone (XV; 
K1 = R2 = H) (0-6 g., 27%) was eluted next, followed, on 
elution with ligroin-benzene (1 : l) ,  by the ether (XVII ?)  
(1.1 g., 49%). This crystallised from acetone as fine colour- 
less needles, m. p. 207-209", vnlaY. (KC1) 1066 and 1033 
cm.? (C-0) (Found: C, 91.0; H, 6-0. C,,H,,O requires 
C, 90.8; H, 5.8%).  Its n.m.r. spectrum showed complex 
patterns in the phenyl ( T  2-5-3-1), olefinic z 3.7 and 4.2, 
and saturated C-H region ( T 6-3-7.0) , with relative inten- 
sities 20 : 2 : 0.8 : 2.6, compatible, within the limits of error, 
with structure (XVII). 
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the n .m.r. spectrometer. 
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