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by Markovski, Romanenko, and Kirsanov.6 Such homo- 
geneous reactions of (dialky1amino)dichlorophosphines 
with (Me3Si)2Hg in hydrocarbon solvents such as pentane 
and benzene could form tetrakis(dialky1amino)cyclo- 
tetraphosphines according to the following equation: 
4R2NPC12 + 4(Me3Si),Hg - 

(R2N)4P4 + 4Hg + 8Me3SiC1 (3) 
These reactions proceed under mild conditions and 
therefore can be followed readily by phosphorus-31 NMR 
spectroscopy with the results indicated in Table I. The 
use of this milder reagent suppressed diethylamino re- 
distribution in the dehalogenation of EhNPCl, so that the 
major product was the cyclotetraphosphine (EbN)4P4 as 
indicated by the ion (EhN)4P4+ as the highest m / e  ion in 
the mass spectrum of the crude product. However, pure 
(EhN)4P4 could not be crystallized or sublimed from this 
crude product. Reaction of Me2NPC12 with (Me3Si),Hg, 
however, still resulted only in redistribution of the di- 
methylamino groups, but the major product was 
(MI~@I)~PC~ rather than the (Me2N)3P formed as the major 
product from Me2NPC12 and magnesium. These obser- 
vations support the greater extent of dialkylaniino redis- 
tribution on phosphorus with smaller dialkylamino groups 
but also indicate a lesser extent of dialkylamino redistri- 
bution with the homogeneous reagent (Me3SiI2Hg than the 
heterogeneous reagent magnesium. 

The availability of relatively large quantities of (i- 
Pr2N)4P4 from the reaction of i-Pr2NPC12 with magnesium 
prompted a study of its chemical reactivity. In most cases 
the steric hindrance of the diisopropylamino groups in 
(i-Pr2N)4P4 reduced its chemical reactivity relative to that 
of the relatively well-known cyclotetraphosphines having 
alkyl or aryl substituents. Thus (i-Pr2N)4P4 is apparently 
complete stable toward atmospheric oxygen under ambient 
conditions. It appears to be unreactive toward metal 
carbonyls under conditions where Et4P4 and Ph4P4 give 
metal carbonyl c~mplexes.'~-'~ Furthermore, (i-Pr2N)4P4 
does not form any soluble anionic derivatives upon 
treatment with excess metallic potassium in boiling tet- 
rahydrofuran for several days in contrast to cyclotetra- 
phosphines such as Et4P4 and Ph4P4 which form interesting 
and preparatively useful anionic derivatives. 16-19 The 

dialkylamino groups in (i-Pr2N)4P4 are not solvolyzed by 
water or by alcohols under conditions where (i-Pr2N)2PH 
reacts with alcohols to form the corresponding (i-Pr2N)- 
(R0)PH derivatives.20 

The major exception to the low reactivity of (i-Pr2N)4P4 
occurs upon treatment with halogens and hydrogen halides. 
We hoped that hydrogen chloride under mild conditions 
would cleave the exocyclic phosphorus-nitrogen bonds in 
(i-Pr2N)4P4 to form the interesting tetrachlorocyclotetra- 
phosphine, P4Clk However, the major products from the 
treatment of (i-Pr2NI4P4 with hydrogen chloride at 0 "C 
are i-Pr2NPC12 and (i-Pr2N)2P2C12 indicating that the P4 
ring in (i-Pr2N)4P4 is more readily cleaved than the exo- 
cyclic phosphorus-nitrogen bonds. Halogens (e.g., bromine 
and iodine) also readily cleave the P4 ring in (i-Pr2N)4P4 
forming the corresponding i-Pr2NPX2 derivative as the 
major product. 

The NMR spectra of the (R2N)4P4 derivatives (I, R = 
isopropyl and cyclohexyl) are relatively simple indicating 
the expected equivalence on the NMR time scale of all four 
phosphorus atoms and all eight alkyl groups. The NMR 
spectra of solutions of the (i-Pr2N),P2X2 derivatives (11, 
X = C1 and Br) indicate only one type of phosphorus atom 
but several types of isopropyl groups. Since (i-Pr,N),P2X2 
derivatives have two asymmetric phosphorus atoms, meso 
and dl diastereomers (IIa and IIb, respectively) are possible 
as has been reported for (Me3C)2P2C12.21 The complexity 
of the carbon-13 NMR spectra of both (i-Pr2N)2P2X2 de- 
rivatives (X = C1 and Br) may be an indication of different 
isopropyl groups in the meso and dl isomers with the 
possibility on the NMR time scale of one type of isopropyl 
group in the meso isomer but two types of isopropyl groups 
in the less symmetrical dl isomer. However, it is interesting 
that the two diastereomers of (Me3C),P2C12 have phos- 
phorus-31 resonances differing by -7 ppm,2l whereas only 
a single phosphorus NMR resonance is found in each (i- 
Pr2N)2PzX2 derivative. Possibly phosphorus-31 NMR is 
less sensitive than carbon-13 NMR to the subtle changes 
of environment in the meso and dl diastereomers of the 
(i-Pr2N)2P2X2 derivatives. 
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The introductioii of a hydroxyl function into phenol to give hydroquinone and catechol can be achieved in 
high yields by the reaction of hydrogen peroxide with alkenylphenols. These alkenylphenols are obtained by 
thermolysis of bisphenol A, alkylation of phenol with cyclopentadiene followed by isomerization, and alkylation 
of phenol with mesityl oxide followed by thermolysis to give 4-isopropenylphenol, 2- and 4- (cyclopenten-1-yl)phenol, 
and 2,2,4-trimethyl-l,2-~hromene, respectively. 

Introduction of hydroxyl functions into aromatic hy- 
drocarbons by known oxidation methods is often burdened 
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by low conversion, byproduct formation, and difficult 
separation of reaction products. For instance, in the in- 
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dustrial production of phenol,' the air oxidation of cumene 
to cumyl hydroperoxide is generally maintained below 40% 
conversion to minimize the decomposition of the hydro- 
peroxide. In addition, acetone is formed as a coproduct 
with phenol in the acid rearrangement of the hydroper- 
oxide. Similar autoxidation processes of diisopropyl- 
benzenes2 to prepare hydroquinone, resorcinol, and cate- 
chol are even more troublesome due to more byproduct 
formation and difficult separation of pure product from 
the reaction mixtures. Direct hydroxylation of phenol or 
anisole with hydrogen peroxide by either a cationic3 or a 
free radical4 process is not satisfactory since mixtures of 
hydroquinone and catechol are produced. 

We describe here a method to introduce selectively a 
hydroxyl function into phenols to form hydroquinones and 
catechols. In the two-step process an alkenyl group is first 
introduced at  a specific position in phenol or anisole, and 
then the vinylic function is oxidized with hydrogen per- 
oxide. This method of oxidation has been previously in- 
dicated by K h a r a ~ h . ~  In both steps the presence of the 
initial hydroxyl or ether function presented the advantage 
of directing the site of alkylation and enhancing the rates 
of the alkylation and the oxidation reactions. For example, 
bisphenol A, [4,4'-(l-methylethylidene)bisphenol], the 
reaction product of acetone with phenol, acta as a precursor 
for 44sopropenylphenol (Scheme I). Dissociation of 
bisphenol A occurs by heating at  240 "C under reduced 
pressure and in the presence of a catalytic amount of so- 
dium hydroxide.6 In this process 4-isopropenylphenol is 
formed, which subsequently dimerizes on standing to form 
the stable dimers 3a,7 upon removal of the phenol by 
vacuum distillation. The dimers 3a can be methylated 
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with dimethyl sulfates to give high yields of the phenol 
ethers 3b.9 Pyrolysis of the dimers 3a and 3b produces 
the monomeric olefins 2a and 2b. The acid-catalyzed 
oxidation of these olefins with 30% hydrogen peroxide at  
room temperature readily yields hydroquinone and the 
hydroquinone monomethyl ether in high yield (91-95%), 
whereas the oxidation of alkenylbenzenes is much less 
effi~ient.~ In contrast to autoxidation processes, complete 
and rapid conversion of the starting material is achieved 
by using this method. In addition, hydroquinone mono- 
alkyl ether is prepared selectively, whereas alkylation of 
hydroquinone leads to a mixture of mono and dialkyl 
ether.'O Recycling of acetone, the coproduct in the oxi- 
dation reaction, and phenol, the coproduct in the disso- 
ciation reaction, to synthesize the starting material, bis- 
phenol A, eliminates any waste or dipposal problems. 

The introduction of a hydroxyl group in the phenol can 
also be accomplished from 4-(cyclopenten-l-yl)phenol(7). 
The alkylation of phenol with cyclopentadiene in the 

(8) McKillop, A.; Fiaud, J. C.; Hug, R. P. Tetrahedron 1974,30, 1379. 
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presence of phosphoric acid" (Scheme 11) yields 4-(cy- 
clopenten-2-yl)pheno1(5) and 2-(cyclopenten-2-yl)phenol 
(6) in a 88 to 12 ratio and an overall yield of 83.2%. The 
two isomers can be separated by distillation. The isom- 
erization of 5 to 7 was reported" to take place in poor yield 
but was achieved in the present work in almost quanti- 
tative yield by using dichlorobis(benzonitri1e)palladium- 
(11)12 as catalyst in refluxing benzene. Oxidation of 7 with 
30% hydrogen peroxide in the presence of a trace of hy- 
drochloric acid afforded hydroquinone in 91.6% yield. The 
results for alkylated hydroquinones have been previously 
p~b1ished.l~ In the process cyclopentanone is formed as 
a coproduct. 

Similarly, 6 can be isomerized to 8 and subsequently 
oxidized to produce catechol. An additional new method 
(Scheme 111) to introduce selectively a hydroxyl function 
ortho to another hydroxyl group in a benzene ring can be 
achieved from 2,2,4-trimethyl-l,2-~hromene (10). The 
reaction of phenol with mesityl oxide in the presence of 
hydrogen bromide produces 2,2,4-trimethyl-4-(4- 
hydroxypheny1)chroman (9) in good yield. This reaction 
previously reportedi4 was catalyzed at  a much lower rate 
by hydrogen chloride. Analysis of the reaction mixture 
show that bisphenol A is formed as a byproduct. The 
acid-catalyzed thermal dissociation of 9 yields 10 which, 
upon oxidation with hydrogen peroxide, leads directly to 
catechol. This reaction proceeds via the isolable but 
unstable intermediate 11. Mesityl oxide is regenerable in 
the oxidation step and can be recycled. 

Experimental Section 
General Methods. 'H NMR spectra were recorded on a Varian 

T-60 spectrometer. Infrared spectra were obtained on a Per- 
kin-Elmer Model 297 spectrophotometer. Vapor-phase chro- 
matography (GC) was carried out on a Hewlett-Packard Model 
7620A chromatograph equipped with dual 3% SP-2100 columns 
and flame ionization detector. Melting points and boiling points 
are uncorrected. HPLC analyses were obtained on a Water's liquid 
chromatograph (6000A) equipped with a w-Porasil column using 
acetonitrile (14%) and ethylene chloride (86%) as eluting solvents. 

A lOO-mL, single-necked, 
round-bottomed flask fitted with an 8-in. distillation head (Ace 
Glass, 5133-10) and a thermometer was connected to a 100-mL 
receiving flask by an adapter (Ace Glass, 5192-12). Pyrolysis flask 
was charged with 1 (69.0 g, 0.30 mol), sodium hydroxide (0.08 g), 
and a magnetic stirrer. The pressure inside the system was 
reduced to 18 mm by a water aspirator. The flask was then heated 
in a silicone oil bath started a t  200 "C. The steady distillation 
of dissociation products was maintained by slowly increasing the 
bath temperature from 200 "C to 280 "C. The amount of product 
collected between 75 "C to 135 "C was 64.7 g (93.8%). An HPLC 
analysis indicated that the combined yield of phenol and 2a was 
95% in the product mixture. 

Dimerization of 2a: Fractionation of Phenol from the 
Dissociation Product. Fractionation of phenol was performed 
immediately after pyrolysis simply by replacing the pyrolysis flask 
with the receiving flask containing the product in the previous 
experiment. During fractionation, the oil bath temperature was 
maintained between 135 "C and 160 "C. Fractionation afforded 
27.0 g of phenol, bp 80-88 "C (18 mm), which was 96.0% pure 
by GLC analysis (therefore 94.0% yield). The yellow residue (37.0 
g) was found to  have the following composition based on HPLC 
analysis: 3a (84%), 2a (12%), and 1 (4%). 

4-Isopropenylphenol (2a). The yellow residual oil (37.0 g) 
from previous experiment was repyrolyzed with 0.08 g of sodium 
hydroxide as for 1. Pyrolysis yielded 36.1 g of a waxy solid. GC 

Thermal Dissociation of 1. 

Dai e t  al. 

analysis found that the pyrolysis product contained 92% 2a, 7 % 
phenol, and traces of 3a. 

Further purification of 2a was done by an aqueous washing. 
Pyrolysis product (36.1 g) was dissolved in 100 mL of ether, and 
the solution wm added to 600 mL of deionized water. The mixture 
was stirred while a rapid stream of nitrogen was bubbled through 
the solution to  evaporate ether at room temperature. After 55 
min of stirring, a white precipitate formed and was collected by 
suction filtration. The precipitate (31.5 g, mp 75-80 "C) was found 
to consist of 96.5% of 2a. An analytical sample of 2a was obtained 
by recrystallization of the precipitate from ethylene chloride 
solution: mp 83-85 "C (lit.6 mp 85 "C); 'H NMR (a~et0ne-d~)  
6 8.48 ( 8 ,  l), 7.35 (d, 2), 6.75 (d, 2), 5.10 (m, l), 4.75 (m, l), 2.04 

Oxidation of 2a with 30% H202 2a (4.1 g, 30 mmol) was 
dissolved in 35 mL of isopropyl alcohol and was stirred in a 
lOO-mL, three-necked flask equipped with a thermometer and 
a condenser. To the solution was added 3.60 g (35.3 mmol) of 
30% hydrogen peroxide in one portion, followed by 0.1 g of 
concentrated hydrochloric acid. The temperature of the solution 
was allowed to rise from 20 "C to 40 "C over a 35-min period until 
no 2a could be detected by 'H NMR. The solution was hydro- 
genated with Pd/C (10% on carbon, 0.10 g) in a Parr shaker a t  
50 psi for an hour. After the catalyst was filtered off, the solution 
was concentrated on a rotary evaporator to give 3.7 g of solid 
product. Recrystallization of the product from hot chlorobenzene 
afforded 3.02 g (91%, mp 168-172 "C) of hydroquinone. 

Preparation of 3b from 1. The methylation was essentially 
that of McKillop's procedure? A solution of 42.0 g of crude dimers 
(obtained similarly by pyrolyzing 70.0 g of 1 and removal of 
phenol) in 200 mL of methylene chloride was poured into an 
aqueous solution (200 mL) containing 50 g (1.25 mol) of NaOH 
and 0.70 g of benzyltrimethylammonium chloride. To this two- 
phase solution was added dimethyl sulfate (70.0 g, 0.55 mol) 
dropwise through an addition funnel over a 30-min period, the 
reaction mixture was maintained at room temperature by cooling. 
After addition, the reaction mixture was allowed to stir for an 
additional 17 h at room temperature. The organic layer was 
separated and the aqueous layer was extracted twice with 50-mL 
portions of methylene chloride. The combined extracts after 
washing with ammonium hydroxide solution were finally washed 
with brine water (100 mL) and dried (MgS04). Stripping of 
solvent yielded 43.2 g of residual oil. HPLC analysis of product 
showed the following composition: 3b (80%), 2b (15%), and the 
rest was the methylated product of 1. 

Preparation of 2b from 3b. The apparatus assembly and 
procedure for the acid-catalyzed pyrolysis of 3b were identical 
with thw used for 1. Pyrolysis of dimer 3b (43.2 g) was performed 
a t  180-220 "C (25 mm) with 0.15 g of toluenesulfonic acid as 
catalyst. The fraction collected between 125 "C and 135 "C (36.3 
g, 81% based on 1) was found to  be pure 2b: mp 34-35 "C (lit9 
mp 35 "C); 'H NMR 6 7.22 (d, 2) 6.65 (d, 2), 5.13 (m, l ) ,  4.83 (m, 
l ) ,  3.70 (8,  3), 2.08 (m, 3). 

Oxidation of 2b with 30% H20z.  Hydrochloric acid (38%, 
2.0 g) was added dropwise to  a solution of 2b (36.3 g, 0.24 mol) 
and 30% HzOz (33.1 g, 0.20 mol) in 350 mL of isopropyl alcohol. 
The temperature of solution was allowed to elevate slowly from 
room temperature to 60 "C over a l -h  period. The solution was 
then cooled in an ice bath and the residual H20z was reduced with 
a 10% sodium bisulfite solution by dropwise addition with stirring 
until no sign of active oxygen was detected. The reaction solution 
was filtered and concentrated on a rotoevaporator. The residue 
was extracted with ether (200 mL) and separated from inorganic 
salt. After drying (MgS04), the solvent was evaporated to give 
33.8 g of product. It was vacuum distilled and p-methoxyphenol 
was collected at 80-85 "C (0.15") (28.1 g; 76.0% based on 1): 
'H NMR (acetone-d6) 6 6.72 (s, 4), 3.65 (s, 3). 

Alkylation of Phenol with Cyclopentadiene. To phenol 
(94.0 g, 1 mol) in 100 mL of toluene was added 85% H3P0, (115.4 
g, 1 mol). To the resulting mixture under stirring a t  room tem- 
perature was added freshly distilled cyclopentadiene (33.0 g, 0.5 
mol) in 25 mL of toluene over a period of 2 h. The reaction was 
monitored by GC analysis and in 2 h the reaction was complete. 
The reaction mixture was neutralized with 160.0 g of anhydrous 
Na2C03 and filtered from the precipitate, and the precipitate was 
further washed with excess toluene. The filtered toluene solutions 

(m, 3). 
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were combined and evaporated in vacuo to give a liquid in which 
the ratio of 5 to  6 was found to be 88/12 with an overall yield 
of 83.2% (based on cyclopentadiene). It was vacuum distilled 
and after removal of phenol (49.3 g), two fractions were collected 
at 90-105 "C (0.1") (48.7 9). The first fraction by GC was found 
to contain 5 and 6 in 75/25 ratio. The second fraction solidified 
and was found to  be pure 5. It was washed with ligroin and 
filtered: mp 64-66 "C (lit." mp 64-65 "C); 'H NMR (CDC13) 6 
3.50-4.00 [br m, 1, C(l)-H], 5.58-6.05 [m, 2, C(2)-H-C(3)-H]. 

Purification of 6. The fmt fraction from previous experiment 
was vacuum distilled twice and 6 was collected at 64-66 "C 
(0.05") (94.3% pure by GC): 'H NMR (CDC13) 6 3.564.30 [br 
m, 1, C(l)-H], 5.60-6.10 [m, 2, C(2)-H-C(3)-H]. 

Isomerization of 5 to 7. To 5 (30.0 g, 0.1875 mol) in 300 mL 
of dry benzene was added PdC12(PhCN)2 (1.2 g), and the solution 
was refluxed. In 1 h the isomerization was complete (followed 
by NMR; disappearance of multiplet a t  6 3.50-4.00 corresponding 
to  1-CH of cyclopentene). After another hour of reaction, the 
reaction mixture was filtered while hot from the dark precipitate 
to yield 7 (18.0 g) as a pale yellow crystalline solid. Further 
concentration of filtrate to  1/3 volume yielded another crop of 
7 (9.2 g). Total yield amounted to 90.6%. After one recrystal- 
lization from chloroform 7 melted at 148-149 "C (lit." mp 149-150 
"C); 'H NMR (CDCl,) 6 5.90-6.10 [l, m, C(2)-H]. 

Isomerization of 6 to 8. To 6 (10.0 g, 0.062 mol) in 100 mL 
of dry benzene was added PdC12(PhCN)2 (0.4 g), and the solution 
was refluxed for 2 h. The reaction mixture was filtered and the 
filtrate was evaporated in vacuo to yield a syrup. It was dissolved 
in petroleum ether and filtered from insoluble precipitate. 
Evaporation of the filtrate in vacuo gave 8 (9.7 g) in 97.0% yield: 
mp 44-46 "C; 'H NMR (CDCl,) 6 5.75-6.13 [l, m, C(2)-H]. 

Oxidation of 7 to Hydroquinone. To 7 (10.0 g, 0.0624 mol) 
in 100 mL of isopropyl alchol was added 30% H2O2 (9.5 g, 0.084 
mol) followed by concentrated HCl (1.0 g). The solution was kept 
at 50 "C under stirring and in 2 h the reaction was complete 
(followed by NMR). After another hour the reaction mixture was 
cooled and neutralized with sodium bicarbonate (2.0 g), and the 
excess of H202 was reduced by catalytic hydrogenation in a Parr 
shaker at 45 psi using 10% Pd-C (0.1 9). The solution was filtered 
from the catalyst and solids and evaporated to give a crystalline 
solid (containing cyclopentanone; detected by GC) which after 
recrystallization from boiling chlorobenzene yielded hydroquinone 
(6.3 g) in 91.6% yield, mp 168-170 "C. 

Oxidation of 8 to Catechol. The oxidation of 8 was consid- 
erably slower than that of 7. To a solution of 8 (2.5 g, 0.015 mol) 
and 30% HzOz (2.0 g, 0.017 mol) in 30 mL of isopropyl alcohol 
was added concentrated HCl(O.2 g), and the mixture was heated 
a t  45-50 "C for 6 h followed by workup similar to that of 7 to 
yield 2.8 g of a liquid residue containing cyclopentanone (detected 
by GC). It was chromatographed over 50.0 g of silica gel and 
elution with cyclohexane gave 0.6 g of 2-cyclopentylphenol 
(confirmed by NMR). Further elution with cyclohexane-ethyl 
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acetate (81) gave catechol (1.0 g) in 58.1% yield, mp 102-103 "C. 
Synthesis of Chroman 9. A mixture of phenol (564.0 g, 6 mol) 

and mesityl oxide (147.0 g, 1.5 mol) was slightly warmed to melt 
in a 2-L flask. A stream of hydrogen bromide was bubbled through 
the solution for 2 h at a rate of ca. 300 mL/min. Water cooling 
was applied to  keep the temperature below 35 "C. On standing 
overnight at room temperature, a red-brown crystalline mass 
resulted, which was stirred with 800 mL of ether, and the resulting 
solid precipitate was collected by filtration. It was washed with 
ether and then water, followed by drying in a vacuum oven (40 
"C) to give 237.5 g (first crop) of crystalline chroman-ether 
complex. The mother liquor was concentrated and let stand 
overnight. The byproduct, bisphenol A, precipitated as a 1:l 
complex with phenol (104.5 g). The filtrate was distilled to remove 
excess phenol. The residue was crystallized from 150 mL of ether 
to give 13.5 g (second crop) of chroman-ether complex. The 
combined yield of chroman as ether complex was 60.0% of theory 
(based on mesityl oxide). This complex was used for the following 
pyrolysis. 

Synthesis of Chromene 10. The chroman-ether complex (14.0 
g, 0.05 mol) was placed in a distilling flask and heated to melt 
at 170-180 "C, and 0.1 g of concentrated H2S04 was added. With 
the oil bath at 170-190 "C, the thermal dissociation products were 
distilled under a reduced pressure (18 mm) into an ice-cooled 
receiver. The distillate was diluted with 50 mL of carbon tet- 
rachloride and extracted with 10% NaOH (5 X 10 mL) to remove 
phenol and then washed with brine water. After drying (MgS04), 
the organic solution was concentrated and distilled to yield 7.35 
g (84.5% of theory) of chromene 10: bp 58-60 "C (0.2 mm); 'H 
NMR (CDCl,) 6 1.40 (s, 6), 2.00 (d, 3), 5.35 (m, l), 6.60-7.30 (m, 
4). 

Oxidation of Chromene 10. Chromene 10 (2.61 g, 0.015 mol) 
was dissolved in 10 mL of acetonitrile and cooled in an ice bath. 
Hydrogen chloride gas was bubbled into the solution for 10 min 
at a rate of ca. 40 mL/min. A solution of hydrogen peroxide (0.8 
g of 70% H202 in 4 mL of CH3CN) was added dropwise at such 
a rate that the temperature was kept below 20 "C. The solution 
was stirred for additional 30 min a t  15-20 "C. The solvent was 
evaporated under reduced pressure, and to the residue was added 
20 mL of water. Unreacted starting material was extracted with 
carbon tetrachloride. The aqueous layer was then extracted with 
ether. After drying (MgS04), the etherate solution was concen- 
trated, giving 1.1 g (67% yield) of catechol, mp 99-102 OC. 

Registry No. 1, 80-05-7; 1 (methylated), 1568-83-8; 2a, 
4286-23-1; 2b, 1712-69-2; 3a (isomer l), 13464-24-9; 3a (isomer 
2), 57244-54-9; 3b (isomer l ) ,  61093-30-9; 3b (isomer 2), 95936-03-1; 
4a, 123-31-9; 4b, 150-76-5; 5,6627-84-5; 6,6627-83-4; 7,877-46-3; 
8, 72471-05-7; 9, 472-41-3; 10, 17937-04-1; Cp,H50H, 108-95-2; 
PdC&(PhCN)Z, 14220-64-5; CH3C(CH3)=CHCOCH3, 141-79-7; 
CH3COCH3, 67-64-1; 1,3-~yclopentadiene, 542-92-7; cyclo- 
pentanone, 120-92-3; catechol, 120-80-9. 


