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The synthesis of apopinene, 7,7-dimethylbicyclo- 
[3.l.l.]hept-Bene, reported in the literature3 con- 
sisted in the hydrogenation of nopinone to nopinol 
followed by dehydration with potassium acid sul- 
fate : 

The nopinone was prepared by a two step process: 
(a) oxidation of &pinene with potassium perman- 
ganate to nopinic acid and (b) oxidation of the so- 
dium salt of the nopinic acid to nopinone.*v6 Sopi- 
none was also synthesized in about 40% yield by 
the ozonolysis of P-pinene.6-8 

The present paper describes a two-step proced- 
ure for the preparation of apopinene from the read- 
ily available a-pinene. The first step consists in 
oxidizing a-pinene to myrtenal and the second step 
in the catalytic decarbonylation of the aldehyde: 

C"J CHO 

The yield of apopinene produced based on a-pinene 
used was 55%. 

The myrtenal was prepared in 75% yield8 by 
oxidizing freshly distilled a-pinene with selenium 
dioxide, according to the general procedure de- 
scribed by Stallcup and Hawkins.9 The palladium 
on barium sulfate catalyst, used for the decarbonyl- 
ation of myrtenal was prepared according to the 
method described previously. lo 

The myrtenal distilled a t  84-85' a t  6 mm., a$ 
+go ; its 2,4-dinitrophenylhydrazone melted a t  
222". The procedure used for the decarbonylation 
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was about the same as described previously. l 1  

One hundred thirty five grams of the myrtenal and 
2.5 g. of freshly prepared 5% palladium hydroxide 
on barium sulfate were placed in a 1-1. flask pro- 
vided with a 5 ml. Dean-Stark distillation trap to 
which was attached a reflux condenser. The top of 
the latter was connected by means of a rubber tub- 
ing to a gas collecting bottle. 

Upon heating the catalyst turned black and a 
strong evolution of carbon monoxide took place. 
The temperature in the flask dropped after 4 hr. 
of refluxing from a maximum of 195' to 155', 
while the gas evolution dropped from 200 cc. to 
about 15-20 cc. per min. At this point the distilla- 
tion trap was opened and 70 g. of apopinene was 
collected. The remainder in the flask was refluxed 
for an additional 10 hr. yielding 10 more grams of 
apopinene and leaving about 15 g. of residue. The 
total amount of carbon monoxide evolved amounted 
to 85% of the theoretical. 

The apopinene thus obtained was almost pure 
and distilled a t  47-18' a t  30 mm., 140.5 a t  760 mm., 
n z  1.4678, di0 0.8710. The literature3 reports: 
b.p. 139.5-140.5, n$ 1.4670-1.4675, d2'0.870. 

On hydrogenation the apopinene yielded nopi- 
nane (7,7-dimethylbicyclo [3.l.l]heptane) which was 
identical according to physical constants and infra- 
red spectra with nopinane synthesized previously.8 
The hydrogenation was carried out by dissolving 
12.5 g. of the apopinene in 28 ml. of n-pentane and 
hydrogenating it in a 120-ml. capacity rotating 
autoclave in the presence of 3 g. of nickel-kiesel- 
guhr catalyst. The hydrogenation was carried out 
a t  68-80' in the presence of 100 atm. of initial hy- 
drogen pressure. The nopinane distilled a t  149', 
n g  1.4616. 
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The addition of aldehydes to poly(viny1 phos- 
phates) was discwsed in a recent article.' Acetal 
formatioil \vas shown to proceed either by displace- 
ment of phohphate hy aldehyde or by reaction of 
aldehyde with the glycol obtained on hydrolysis 
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TABLE I 
REACTION OF H3POa AND GLYCIDYL TRIMETHYLACETATE 

-__ 
H R z P O ~ , ~  Solvent HzPO4, HzRP04,= 

Expt. Acid, yo Excess Mole % Mole 70 Mole yo 
I. 100 H3POab MIBK 20 78 2 
I 85 &Podb MIBK 75 25 0 

I 100 HzP04b ( n-Bu)zO 49 45 6 
4 85 ( S-Bu)20 85 15 0 
5 85 H&’04‘ MIBK 48 52 0 

1 

a R = Glyceryl trimethylacetate radical. * Equimolar amounts of epoxide and acid stirred at 63”. Ten moles of 86% 
HaPo4 were used for one mole of epoxide. 

of the phosphate. We have found that ketones will 
add to “phosphated” polymers such as phosphoric 
acid treated styrene/glycidyl methacrylate copoly- 
mers ,*~~ by an addition similar to that described by 
Barnes. In  order to study the reaction in more de- 
tail, a model compound, glycidyl trimethylacetate 
(GTR‘IA), was prepared and treated with phos- 
phoric acid. 

In  the presence of excess methyl isobutyl ketone 
(RIIBK) an equimolar mixture of GTMA and 85% 
phosphoric acid gave a 65% yield of 2-isobutyl- 
2 -methyl- 4 - trimethylacetoxymethyl-l,3-dioxolane 
(IMTI)). .4bout 25% of the phosphoric acid was 
converted to a monoalkyl phosphate, and the rest 
was recovered unchanged. About 10% of the 
epoxide remained after one hour a t  60’. Thus a 
good yield of ketal, free of tars, was obtained by 
addition of a ketone to an epoxide whereas earlier 
~ o r k e r s ~ ~ ~  had always obtained large amounts of 
tar using strong Lewis acid catalysts. A 65% yield 
of IRITD was also obtained with 5 mole % phos- 
phoric acid rather than an equimolar amount as 
catalyst. 

Although neither our data nor Barnes’ defined the 
actual reaction path for acetal phosphate inter- 
changes, our results indicated that the formation of 
ketals proceeded most readily under those condi- 
tions which favored a glycol intermediate. Under 
anhydrous conditions, water was not available for 
glycol formation, and a direct reaction between a 
ketone and a phosphate ester or an epoxide-phos- 
phate complex mas required. With an equivalent of 
anhydrous orthophosphoric acid 80% of the epox- 
ide was converted to phosphate esters, and less 
than 20y0 ketal could have been formed, although 
in this case the ketal was not isolated (Table I, 
Expt. I ) .  By contrast, use of 85% phosphoric acid, 
which contains approximately an equivalent of 
water, gave a 65% yield of ketal and only 25% 
phosphate ester (Expt. 2 ) .  

Indirect evidence that the epoxide formed gly- 
cols rather than phosphate esters was obtained by 
heating an equimolar mixture of GTMA and 85% 
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Soc., 55,3741 (1933). 

phosphoric acid at  80’ under vacuum for five hours. 
Only 20% of the HzO present in the phosphoric 
acid was removed compared to 80% when the acid 
itself was treated similarly. If phosphoric acid 
rather than water had added to the epoxide, water 
would not have been chemically combined with the 
system and should have been removed. 

The preparation of phosphate esters by addition 
of phosphoric acid to an epoxide was thus best 
achieved by using anhydrous acids (Expts. 1 vs. 2 
and 3 vs.4). Even an excess of 85% acid was less 
effective for phosphating an epoxide than an equiva- 
lent of 100% acid (Expt. 5 us. 2). 

Phosphoric acid was useful for preparing ketals, 
but the same ketals were also decomposed by the 
acid, even at  room temperature, if excess ketone 
was not present. On heating a t  150’ for several 
hours an equimolar mixture of IMTD and 100% 
phosphoric acid liberated more than goy0 of the 
MIBK present in the ketal and formed a viscous, 
brown oil which was soluble in acetone and partly 
soluble in ether, benzene, and chloroform. The phos- 
phate portion was completely soluble in water and 
consisted of 30% phosphoric acid, 65% monoalkyl 
phosphate, and 5% dialkyl phosphate. About 15% 
of the phosphates in the mixture were present as 
pyrophosphates. 

EXPERIMENT-4L 

Quantitative determination of H3P04, HzRP04, and HRzPOI. 
The distribution of phosphoric acid between acid and esters 
was determined by potentiometric titration with 0.1N so- 
dium hydroxide. The first break in the titration curve indi- 
cated the total amount of strong acid in the system; that 
is, the first OH in H3P04, H2RP04, and HRzPO~. The dis- 
tance between the first and second breaks indicated the 
amount of weak acid, that is, the second OH in &PO, and 
H2RPO4. The amount of H R z P O ~  was determined by sub- 
tracting the amount of weak acid from the strong acid. 
A second aliquot was titrated after an equivalent of cerous 
nitrate had been added for each mole of phosphate (deter- 
mined from the first titration). Cerous ions react with acidic 
phosphates forming cerous salts and liberate all of the hy- 
drogens as strong acid.6 The total strong acid in the cerous 
titration represented 3 X Hap04 plus 2 X HzRPO~ plus 
HR2P04. The amount of H3P04 was obtained by subtracting 
HR2PO4 plus 2 X (HaPO4 plus H2RP04) from the total acid 
in the cerous titration, These two values were obtained 
from the first titration. The amount of H2RPO4 was ob- 

(6) E. R.  hfadsen and T. Kiaersard, Acta. Chem. Scad. ,  
7,735 (1953). 
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tained by subtracting the amount of HR2PO4 plus 
from the strong acid in the first titration. 

The amount of pyrophosphate present was determined by 
Bell's technique using zinc salts.' 

Glycidyl trrmelhylacetate. GTMA was prepared from tri- 
methylacetic acid and epichlorohydrin according to the 
technique described in U. S. Patent 2,524,432. Distilled 
GTMA was collected between 90.0 and 91.5' a t  24 mm. in 
Sly0 yield, n'," = 1.4219. 

2-Isobutyl-2-n~ethyl-Q-trimethy/acetoxyniethyl-l,3-dioxo/ane. 
rin equimolar mixture of 8570 phosphoric acid (79.1 g., 
0.70 mole) and GTbI-4 (110 g., 0.70 mole) was stirred for 
1 hr. a t  60" with a 20-fold mole excee8 of RIIBK (2100 g.). 
Phosphoric acid and phosphate esters were removed from 
the reaction mixture by extraction with water in a separa- 
tory funnel. The organic layer was dried oker anhydrous 
calcium sulfate and fractionated iii a 30 cm. X 6 mm. spin- 
ning band column under reduced preesure. IblTD was ob- 
tained in 63y0 yield (112 g.). The product boiled a t  120°/7 
mm., and had a dencity of 0.9615 a t  25" and an ny = 
1.4305. 

Anal .  Calcd. for CI,H260a: C, 65.08; H, 10.15. Fonnd: C, 
65.35, 65.31; H, 10.14, 10.28. 

The structure of IbITU was verified by mild arid hy- 
drolysis to glycerol, trimethylacetic arid, and hlIBK. 
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Reactions of Zirconium Tetrachloride with 
Acetone 
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The metal alkoxides have been studied ex- 
tensively in recent years for the interesting data 
which they provide on stereochemical' and other 
fundamental chemical behaviorJ2 as well as for their 
potential industrial applications, as in lacquers3 
and as catalysts. Numerous zirconium alkoxides 
have been prepared, particularly by Wardlaw, 
Bradley, and their associates, and their work in this 
area has been summarized in a recent book.5 

Acetone in its enol form is an alcohol, and the re- 
placement of its hydroxyl hydrogen by metal 
should give an alkoxide of the unsaturated alcohol, 
isopropenol. Only scant attention has been given 
until the present time to  the preparation of zirco- 
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nium derivatives of acetone or other ketones, and 
little has been known about them beyond the find- 
ings of Jantsche that an addition compound of zir- 
conium tetrachloride and acetone forms a t  tem- 
peratures below about Oo, and that hydrogen chlo- 
ride is liberated from this addition compound when 
it is allowed to warm up to somewhat above that 
temperature. 

More recently, we have undertaken a study of 
the reactions of zirconium tetrachloride with ace- 
tone, as a result of the observation by one of us 
(W. B. B.) of the formation of colored, pungent, 
and resinous substances when zirconium tetrachlo- 
ride solution in acetone is allowed to stand for con- 
siderable periods of time. The present paper deals 
with the preparation and isolation of some of the 
products of reaction of zirconium tetrachloride and 
ace tone. 

EXPERIMENTAL 

Reagents. The zirconium tetrachloride used was resub- 
limed from the commercial product; it  contained the usual 
two parts hafnium per 100 parts total metal. Since there is 
no known reaction in which hafnium behaves qualitatively 
in a different manner from zirconium, the presence of the haf- 
nium was ignored except for the use of the value 92.25 for 
the effective atomic weight of zirconium, rather than the 
standard value of 91.22. The sodium metal and the solvent 
used were the C.P grades of commerce. The acetone was 
tIeated with a small amount of alkaline potassium per- 
manganate solution to destroy alcohols, and subsequently 
distilled over anhydrous potassium carbonate and again 
over anhydrous calcium sulfate. 

Zirconium tetrachlorzde-acetone a d d i t z m  compound. A dis- 
persion of 11.7 g. (0.05 mole) of zirconium tetrachloride in 
200 ml. of carbon tetrachloride was prepared a t  room tem- 
perature and then cooled in an ice and salt bath to -5' 
and held at  this temperature. To the stirred suspension, 25 
ml. (0.34 mole) of previously chilled acetone was added drop- 
wise, over an hour's time. The zirconium tetrachloride ap- 
peared to dissolve, and a new white precipitate formed im- 
mediately. The stirring was continued for 2 hr. after the 
addition of the acetone, and the slurry was then filtered 
rapidly and the precipitate was washed with chilled acetone. 
The filter cake was finally dried under vacuum a t  - 5", and 
sealed into glass tubes for storage. 

Analysis of the product indicated i t  to be zirconium tetra- 
chloride monoacetonate. 

A n a l .  Calcd. for ZrClrCH3COCH8: Zr, 31.6; CI, 48.5; 
C, 12.3; H, 2.17,. Found: Zr, 31.8; C1, 47.8; C, 12.1; H, 
1.9%. 

Trzchlorozirconium isopropenozide. A dispersion of 11.7 g. 
of zirconium tetrachloride in 200 ml. of carbon tetrachloride 
was prepared a t  room temperature, and 100 ml. of acetone 
was added dropwise. Hydrogen chloride was evolved during 
the addition and for some time following. The pale yellow 
solution was filtered, avoiding contact with the atmosphere, 
to remove traces of insolubles derived from the zirconium 
tetrachloride. The filtrate was mixed with 100 ml. of ben- 
zene and refluxed Hydrogen chloride continued t o  be evolved 
slowly for several hours, and a pale brown solid formed. 
This was filtered off and washed with acetone, then dried 
under vacuum. 

The observations made during the experiment suggest 
that initially a carbon tetrachloride- and benzene-soluble 
trichlorozirconium isopropenoxide, containing acetone of 
solvation, was formed, but on refluxing acetone m a s  split 

(6) G. Jantsch, J .  prakt. Chem., 1 1 5 ,  7-8 (1927). 


