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benzaldehyde.'* The crude product was reduced with 25 g. 
of red phozjphorus and 25 g. of iodine in 1200 ml. of g l a d  
acetic acid and 120 ml. of water. The mixture was stirrod 
and heated under reflux for 31 hr. Then the phosphorus nay 
filtered, the mixture cooled, and the acid neutralized with 
a saturated solution of sodium carbonate. The resulting 
material was extracted thrice with isopropyl ether, the rom- 
bined extracts washed with water, twice with 10% sodium 
hydroxide, and twice again with water, dried over calcium 
chloride, concentrated, and distilled a t  1 mm. The fraction 
distilling a t  119-122" (lit.,19 b.p. 179-183" (21.5 mm.)) 
weighed 105 g. (65% based on aldehyde). 

2'-Chloro-2-benzylbenzophenone.20 A Grignard reagent was 
prepared from 54.5 g. (0.22 mole) of o-bromodiphenyl- 
methane and 5.35 g. (0.22 mole) of magnesium in 250 ml. 
of anhydrous ether. The reaction was initiated by means of 
a few drops of methyl iodide. After all the solution had been 
added, reflux vas  continued until most of the magnesium 
had dissolved (about 1 hr.). The solution was cooled to room 
temperature and 40.4 g. (0.22 mole) of anhydrous cadmium 
chloride was added in one portion. The mixture was then 
heated under reflux for 40 min. after vhich the ether was 
allowed to distil from the mixture as 150 ml. of anhydrous 
benzene was added to replace it. The mixture was cooled and 
34.4 g. (0.22 mole) of o-chlorobenzoyl chloride in 150 nil. of 
anhydrous benzene was added slowly enough to give moder- 
ate boiling of the benzene. The mixture was heated under 
reflux for 1.5 h r ,  the mixture cooled, poured on an ice- 
hydrochloric acid mixture, and left overnight. The layers 
were separated, the aqueous layer extracted thrice with 
fresh ether, the combined extracts washed with 10% so- 
dium hydroxide and twice ~ i t h  water, dried over calcium 
rhloride, csoncentrated, and fractionated at  1 mm. The frac- 
tion distilling a t  201-204" weighed 40 g. (59Yc). On redis- 
tillation an analytical sample was taken a t  207" a t  0.5 mm. 

The other haloketones were prepared in a similar manner. 

(18) R. Adams and E. H. Vollweiler, J .  Am. Chem. Xoc., 
40,1737 (1918). 

(19) C. K. Bradsher and F. A. Vingiello, J .  Org. Chem., 
13,786 (1948). 

(20) This procedure is similar to that developed by Cason' 
for the aliphatic halides and acid halides which are more 
active than the analogous aromatic halides. 

2'-Chloro-2-benzoylhenzophenone.*~ To a mixture of 1.95 
g. (0.006 mole) of 2'-chloro-2-benzylbenzophenone in 8 ml. 
of glacial acetic acid was added 1.98 g. (0.02 mole) of chro- 
mium trioxide in 6.5 ml. of glacial acetic acid and 4 ml. of 
water. The mixture was heated under reflux with stirring 
for 48 hr. The hot mixture was poured on 70 g. of ice. A 
white gum separated which crystallized on standing over- 
night. This was filtered, washed with water, and air dried. 
The 2.07 g. melted a t  78-83'. Crystallization from methanol 
gave a m.p. of 87.548". 

2'-Bromo-2-benzoylbenzophenone was prepared in a 
similar manner. 
9-(Z?-Bromophenyl)anthracene. A mixture of 1.47 g. of 

2'-bromo-2-bensylbenzophenoneJ 30 ml. of 48Yc hydro- 
bromic acid and 60 ml. of glacial acetic acid was heated in a 
sealed tube in a Carius furnace at  150' for 7 hr. A sticky 
semisolid separated which was filtered without suction, 
washed twice with water, and removed from the paper with 
acetone. The acetone was removed on a steam bath and the 
residue crystallized from methanol using activated char- 
coal. Almost white, very small rosettes separated, m.p. 

When yields were high the product of cyclization would 
crystallize in the tube as it cooled. This only needed to be 
filtered, washed, and weighed. Rates calculated from weights 
measured in either case were the same for the same compound. 
Rate calculations were made using a t  least three and usually 
four different time intervals. The intervals used were 3 hr., 
7 hr., 12 hr., and 29 hr. For the less active ketones the 3 hr. 
interval gave only an oil from which no crystalline product 
could be obtained. When this occurred the oil could be 
oxidized to the corresponding diketone (V) except in the 
case of the methyl analog (I, X = 2-CH3). The identity of 
these products was checked by means of mixed melting 
points with authentic samples. 

136-137', 29 g. (21%). 

BLACKSBURG, VA. 

(21) The procedure of Vingiello and Van Oote using so- 
dium dichromate and sulfuric acid on our new ketones often 
gave dark products which were purified with some diffi- 
culty. Yields were also lower than reported in the para- 
substituted compounds. 
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Synthetic routes to four spiro hydrocarbons are described. 

As a portion of a continuing study3 of hydro- 
carbon structure and physical properties, spiro- 
[4.5] decane, spiro [5.5] undecane, spiro [5.6] dodec- 
ane, and 7-hexadecylspiro [4.5] decane were pre- 
pared. The first three of these compounds have 
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(2) Taken in part from the dissertation submitted by 
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(3) For the previous paper in this series see S. G. Clark 
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been reported p rev io~s ly .~ -~  However, because 
many of the properties reported were seriously 

(4) N. D. Zelinsky and N. I. Schuikin, Ber., 62, 2180 
(1929). 

(5) R. Ya. Levina, V. R. Skvarchenko, and 0. Yw. Okhlo- 
bystin, Zhur. Obshchez' Khim., 25, 1466 (1955); Chem. Abstr., 
50,4797a (1956). 
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SOC. chim. France, 346 (1957). 
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in error and because significant improvements 
were made in the syntheses, they are reported 
here. 
Spiro [4.5] decane was prepared from cyclopenta- 

none via the pinacol reduction, lo pinacol rearrange- 
ment,4.10 and Wolff-Kishner reduction." The best 
yield of diol, 30%, was obtained by letting the 

reaction proceed very rapidly and vigorously. 
Only sufficient cooling to keep the reaction in the 
flask was used. The diol was rearranged to the 
ketone in 72% yield.1° 

Reduction of the ketone to  the hydrocarbon 
by the Wolff-Kishner reaction" gave only a 41% 
yield of highly purified spiro [4.5] decane. The low 
yield was due in part to decomposition of the 
ketone since the amount of gas evolved during 
the reduction exceeded the theoretical value by 
18%. The difficulty may have arisen because 6- 
ketospiro [4.5] decane is a highly hindered ketone. 

Attempts were made to introduce an n-hexa- 
decyl group into the spiroI4.51decane system by 
addition of the Grignard reagent or alkyllithium 
reagent to the ketone. All such attempts failed. 
The products of the Grignard reaction consisted 
of 6-hydroxyspiro [4.5] decane, normal hexadecene, 
and traces of ketone and dotriacontane. Appar- 
ently the predominant reaction was Grignard 
reduction. In  contrast, treatment of the spiranone 
with hexadecyllithium yielded chiefly starting 
ketone (75%) plus smaller amounts of cetyl 
alcohol and dotriacontane. In  contrast, Rowel2 
has observed that upon treatment of B-ketospiro- 
[4.5] decane with methylmagnesium bromide, a 
quantitative yield of the tertiary alcohol was ob- 
tained. 

Alkylation with hexadecyl bromide and potas- 
sium t-butoxide at the carbon alpha to the carbonyl 
carbon provided a satisfactory route to  7-hexa- 
decyl-6-ketospiro [4.5] decane. Wolff -Kishner re- 
ductionll yielded the hydrocarbon. 

Spiro [5.5] undecane was prepared by a modi- 
fication of a synthetic route suggested by Mousseron 
and co-workers.? The Mannich base prepared 

'CH, 

(9) R. Ya. Levina and T. I. Tantsyreva, Doklady Akad.  
N a u k  S.S.S.R., 89, 697 (1953); Chem. Abstr., 48, 6792e 
(1954). 

(IO) P. A. Naro and J. A. Dixon, J .  Am. Chem. Soc.,-81, 
1681 (1959). 

(11) Huang-Minlon, J .  Am. Chem. SOC., 68, 2478 (1946). 
(12) J. W. Rowe, A. Melera, D. Arigoni, 0. Jeger, and 

L. Ruzicka, Helu. Chim. Acta, 40,l (1957). 

from cyclohexanone, formaldehyde, and dimethyl- 
amine was treated with butadiene a t  150-160O. 
When the reported procedure was followed exactly, 
the product appeared to be one ketone, and the 2,4- 
dinitrophenylhydrazone had the same melting 
point as that previously reported by Mousseron, 
et a1.7 However, when the reaction was run on such 
a scale that the products could be fractionally dis- 
tilled through an efficient column, the reaction 
product proved to be a complex mixture. The prop- 
erties of the saturated ketone and its 2,4-dinitro- 
phenylhydrazone also were significantly different 
from those previously reported.? By-products 
(from the reaction of the Mannich base with buta- 
diene) boiling higher and lower than the desired 
ketone were obtained. The higher boiling fractions 
from the distillation were green, turned red on 
standing, and had exceedingly complex infrared 
spectra. The carbonyl absorptions frequently ap- 
peared as doublets. The purified ketone obtained 
from the fractional distillation had properties which 
were significantly different from the reported ones.' 
The structure of the ketone was established by its 
infrared spectrum, carbon and hydrogen analysis, 
molar refraction, and by hydrogenation of the un- 
saturated ketone to 1-ketospiro [5.5] undecane fol- 
lowed by oxidation to 1-carboxycyclohexanebutyric 
acid. 

(-Jp __j ( - jCOOH 
CH2CH2CH2COOH 

0 

Spiro [5.5] undecane was prepared from the un- 
saturated ketone by Wolff-Kishner reduction" 
followed by hydrogenation of the olefin. 

Preparation of 1-ketospiro [5.5] undeca-8-ene us- 
ing the morpholine Mannich base in place of the 
dimethylamine Mannich base was unsuccessful. 
The desired product could not be isolated from the 
complex mixture of products which resulted. 

An attempt was made to  prepare spiro[5.6]- 
dodecane from cyclohexanone by the synthetic 
route used for the preparation of spiro [4.5] decane. 
This failed when all attempts to convert the diol 
to  the ketone yielded 1,l'-bicyclohexenyl, tars, and 
very small quantities of the desired ketone. 

The synthesis of spiro [5.6] dodecane by the route 
which was used for the preparation of spiro[5.5]- 
undecane was abandoned also when treatment of 
cycloheptanone with formaldehyde and dimethyl- 
amine produced the Mannich base in very low 
yields and low purity. 

Alkylation of cycloheptanone with 1 ,&dibromo- 
pentane in the presence of potassium t-butoxide, 
a procedure suggested by Mou~seron,~ was used 
to  prepare 7-ketospiro [5.6] dodecane. However, 
this reaction, too, leads to a complex mixture of 
products. The desired ketone could not be isolated 
by careful fractional distillation. Infrared analyses 
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Fig. 1. Infrared absorption spectra (cell thickness, 0.026 
mm.) 

and vapor phase chromatography suggested that 
15-2070 of isomeric ketones and olefinic impurities 
were present. It has been frequently observed in 
this laboratory that olefins and ketones will azeo- 
trope or co-distill. Conversion of the ketonic ma- 
terial to the semicarbazone, followed by regenera- 
tion and fractional distillation gave a 45% yield 
of high purity 7-ketospiro [5.6] dodecane. This ke- 
tone could be isolated also by elution chromatog- 
raphy, but the yield was much lower. 

Spiro [,5.6] dodecane was prepared (37%) in a 
state of high purity by Wolff -Kishner reductionll 
of the crude ketone-olefin mixture followed by a 
high-efficiency fractional distillation. ,4 sample of 
the mixture of spirane and byproducts obtained 
from the Wolff -Kishner reduction was analyzed 
by vapor phase chromatography. At least six 
products were shown to be present. 

The infrared spectra of the spiranes are shown 
in Fig. 1, An examination of these plus the spectra 

of ten other compounds containing the spiro system 
revealed that there is a doublet a t  7.30-7.66 p 
which may be characteristic of the spiro system. l 3  

Unfortunately, both gem-dimethyl and isopropyl 
groupings absorb in this region also. 

EXPERIMENTAL' 

Preparation of spiro [4.5]decane. Spiro [4.5]decane. The 
hydrocarbon was prepared by the modified Wolff-Kishner 
reduction16 of 6-ketospiro [4.5]decane.'O After efficient frac- 
tional distillation and repeated passage through silica gel 
and alumina a 40.9Yc yield of spirane was obtained, n'," 
1.4687, di0 0.8782, MD calcd. 44.00, found 43.97. Vapor 
phase chromatographic analysis indicated a purity in excess 
of 99.570. 

Calcd. for ClOHI8: C, 86.88; H, 13.12. Found: C, 
87.02; H, 13.03. 

Preparation of 7-hexadecylspiro[4.6]decane. 7-Hexadecyl- 
6-ketospiro [4.5]decane. Potassium metal (43.0 g., 1.1 moles, 
Baker Reagent) was dissolved in anhydrous t-butyl alcohol 
(750 g.). The excess t-butyl alcohol was distilled and the 
white residue treated with anhydrous toluene (1000 ml.), 
n-hexadecyl bromide (305 g., 1 mole; n'," 1.4602), and 6- 
ketospiro[4.5]decane (152 g., 1 mole).lO This mixture was 
refluxed with stirring under nitrogen for 46 hr., then treated 
with 500 ml. of water and 100 ml. of 10% hydrochloric acid. 
The organic product (388 g.) was fractionally distilled. 
Crystallization from acetone of the fractions having n:: 
1.4700-1.4734 yielded 547c spiroketone, m.p. 29.3-29.8'. 

Calcd. for CZeH480: C, 82.91; H, 13.85. Found: 
C, 83.00; H, 12.88. 

7-Hexadecylspiro [4.6]decane. The hydrocarbon was pre- 
pared by both the Herr-Whitmore-Schiessler15 modification 
and the Huang-Rlinlon11 modification of the Wolff-Kishner 
reduction. The latter gave a higher yield (777, after fracn- 
tional distillation) of more readily purified product. After 
an additional fractional distillation and fractional elution 
from alumina, the hydrocarbon had the following proper- 
ties: n y  1.4704, $',' 0.8482, MD calcd. 117.92, found 
118.17. - - -. - . . 

AnaZ.16 Calcd. for C20Hj0: C, 86.10; H, 13.90. Found: 
C. 86.08: H, 13.78. 

Preparation of spiro [5.5 Iundecane. b-(X,S-Dzmethylamzno- 
methy2)~yclohezanone.~ A mixture of cyclohexanone (392 g., 
4 moles; ny 1.4479), paraformaldehyde (60 g., 0.66 mole, 
Eastman White Label), dimethylamine hydrochloride ( 164 
g., 2 moles, Eastman White Label), 200 ml. of water, and 
4 ml. of coned. hydrochloric acid was rapidly heated with 
stirring until a vigorous reaction ensued. When the initial 
reaction had subsided, the homogeneous solution was re- 
fluxed for 15 min., rooled in an ice bath, and diluted uith 
500 ml. of water. After addition of potassium hydroxide, 
the amine mas separated and distilled as rapidly as possible 
through an l&inch Vigreux column. The pale yellow oil, 
261 g., (84%)) b.p. 66" (0.75 mm.), ny 1.4630-1.4635, 
picrate m.p. 164.3-165.3' (reported:18 m.p. 14Ro), nas used 
without further purification. 

1-Kdospzro [5.5]undeca-8-ene. Small quantities of the 
unsaturated ketone were prepared in sealed tubes while 
large quantities were prepared in an Aminco pressure hydro- 

(13) C. Chiurdoglu and B. Tursch, Bull. S O C .  chim. Belges, 

(14) All melting points are uncorrected. 
(15) C. H. Herr, F. C. Whitmore, and R.  W, Schiessler, 

(16) Elemental analysis performed by LIr. James Rigas, 

(17) Elemental analysis performed by Dr. Alfred Bern- 

(18) C. Mannich, Ber., 53,1874 (1920). 

66,600 (1957). 

J .  4m. Chem. SOC., 67,2061 (1945). 

470 Eastern Parkway, Brooklyn 25, N. Y. 

hardt, Max-Planck Institut, German Federal Republic. 
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genation apparatus. The procedures used were patterned 
after the methods of Mousseron.? 

Into a heavy-walled Pyrex tube (Fisher Carius C, 150-ml. 
capacity) were placed 2-(NJN-dimethylaminomethy1)cyclo- 
hexanone (23.3 g., 0.15 mole), butadiene (50 ml., Phillips 
Rubber Grade), anhydrous toluene (50 ml.), and hydro- 
quinone (0.2 g., Eastman White Label). After heating a t  
150" for 7 hr. thp products were distilled through a Claisen 
head at  reduced pressure. The crude product, nz: 1.1932- 
1.5002, 14.2 g , 58',,, yielded a 2,4-dinitrophenylhydrazone, 
m.p. 104.5-105.5" (reported,'g m.p. 107-108'). After efficient 
fractional distillation the ketone (42%) had the following 
properties: n'," 1 5047, d:" 1.0174, MD calcd. 48 16, found 
47.86. 

Anal." Calcd. for CllHlsO: C, 30.44; H, 9.82. Found: 
C, 30.34; H, 9.94. 

The 2,4-dinitrophenylhydrazone of the high purity ketone 
melted a t  132.5-133.5' after three recrystallizations from 
ethanol ireported,lg m.p. 107-108'). 

I-Ketospiro[ii.5]undecane. Partial hydrogenation of 1- 
ketowiro [5.5] undeca-8-ene over a kieselguhr-supported 
nickel catalyst (Universal Oil Products Corp.) at 84-86' 
arid 1400-1700 p.s.i. gave two products which were sepa- 
rated by fractlonal distillation: l-ketospiro[5.5]undecane, 
SO%, and 1-hgdroxyspiro [5.5]undecane, 25%. The spira- 
none was crystallized from hexane and then sublimed; m.p. 
39.0-39 6'(repo1ted,~gm.p. 47"). 

Anal.17 Calcd. for CllH160: C, 79.46; H, 10.91. Found: 
C, 80.06; H. 11.28. 

The 2,4-dinitrophenylhydrazone crystallized as yellow- 
orange fibrous needles from ethanol, m.p. 133.4-134' 
(reported,'g m.p. 123-124'). A mixed melting point with the 
2,4-dinitrophenylhvdrazone of I-ketospiro[5.5]-8-undecene 
was depressed. 

The l-hydroxyspiro[5.5]undecane was not purified. The 
3,5-dinitrohenzoate crystallized from alcohol-water, m.p. 
112-113". 

I-Carboxycyclohexnnebutyric acid. A mixture of concd. 
nitric acid (45 nil., Baker Analyzed Reagent), water (20 
ml.) , ammonium metavanadate (0.5 g., Fisher Scientific 
Co.), and l-ketospiro[5.5]undecane (1 g., 0.006 mole) was 
heated to 80". After the initial reaction had subsided, the 
heating mantle was removed and the remaining spiranone 
(9 g., 0.054 mole) was added dropwise with stirring. The 
crystals which separated on cooling to room temperature 
were recrystallized from water to yield 5.8 g. (45%) of 
1-carboxycyclohexanebutyric acid, m.p. 105.2-106.0'. 

A ~ u I . ~ ~  Calcd. for CllH1804: C, 61.61; H, 8.47; neut. 
rquiv., 107.1. Found: C, 61.42; H, 8.39; neut. equiv., 107.8. 

Spzro[6.5]-8-undecene. The olefin was obtained from the 
keto olefin by the Wolff-Kishner reaction.l' After fractional 
distillation the yield was 85%: n'%' 1.4919, d:" 0.9122, ?\ID . -  
Paled. 48.15, found 47.78. 

A n ~ l . ~ 6  Calcd. for C l l H T ~ :  C. 87.93: H. 12.07. Found: C. -_ .- , , ,  
88.15 ; H, 12.00. 

Spiro[6.5] undecane. The olefin was hydrogenated over 
kieselguhr-supported nickel catalyst (15%, Universal Oil 
Products Corp.) a t  123-125' and 300-1600 p.s.i. After sepa- 
ration, fractional distillation, and repeated passage of the 
individual fractions through activated alumina and silica 
gel, there was obtained 75% of high purity material, ny 
1.4760, d:' 0.8887, b.p. 212" (723 mm.), M D  calcd. 48.62, 

(19) H. Christol, R. Jacquier, and M. Mousseron, Bull. 
SOC. chim. France, 1053 (1957). 

found 48.51. Analysis by vapor phase chromatography indi- 
cated a purity in excess of 99.5%. 

Anal.I6 Calcd. for CI1Hlo: C, 86.76; H, 13.24. Found: 
C, 87.03; H, 13.03. 

Preparat im of spiro[6.6]dodecane. 1,l '-Dihydroxy-1,I'- 
dicyclohpxyl. This diol was prepared by the procedure de- 
scribed ahove for l ,  l'-dihydroxy-l, l'-dicyclopentyl. Thra 
yield of diol was 34%, m.p. 130-131" (reported,B m.p. 

'?-Ketospiro [6.b]docZecane. The spiranone xas prepared by 
a modification of the method of Mousseron.7 Anhydrous 
t-butyl alcohol (1000 g., 13.5 moles) and potassium metal 
(82.1 g., 2.1 moles, Fisher Chemical Co.) were stirred 
overnight under nitrogen and the excess t-butyl alcohol 
removed by distillation.21 Anhydrous toluene (2.0 l.), cyclo- 
heptanone (112 g., 1 mole, Aldrich Chemical Co.), and 1,5- 
dibromopentane (230 g., 1 mole; ny 1.5102) were added to 
the resulting n-hite solid and the mixture refluxed for 73 hr. 
After the usual separation procedures the crude ketone was 
fractionally distilled through a 40-plate column. The ketone 
so obtained [ny 1.4890-1.4895, b.p. 68' (0.6 mm.)] was 
shown by its infrared spectrum to contain olefinic impuri- 
ties. Since separation of these olefinic impurities from the 
spiro [5.G]dodecane is readily accomplished, this material 
can he used directly for the preparation of the hydrocarbon. 
However, samples of high purity ketone were prepared by 
elution Chromatography and by a purification sequence 
involving preparation and purification of the semicarba- 
zone, regeneration, and fractional distillation of the spira- 
none (45%), b.p. LOO" (2.3 mm.), ng 1.4922, d:' 0.9897, 
RID calcd. 53.25, found 53.02. Analysis by vapor phase 
chromatography indicated a purity of 99.7y0. 

The 2,4-dinitrophenylhydrazone melted a t  117-118". 
A mixed melting point with the 2,4-dinitrophenylhydrazone 
of the ketone prepared by the pinacol rearrangement of 
1,l'-dihydroxy-1,l'-dicyclohexyl was undepressed. 

AnaZ.16 Calcd. for Clf,H24N404: K, 15.55. Found: S, 15.54. 
Spiro [5.6] dodecane. The hydrocarbon %-as prepared from 

crude 7-ketospiro [5.6] dodecane by the Huang-Minlon modi- 
fication'l of the Wolff-Kishner reaction. After careful frac- 
tional distillation through a column of forty theoretical 
plates and elution chromatography a 37% yield of high 
purity spiro[5.6] dodecane was obtained, ny 1.4851, d:" 
0.9031, MD calcd. 53.24, found 52.98. Analysis by vapor 
phase chromatography indicated that the material was a t  
least 99.9% pure. 

Calcd. for C12H22: C, 86.66; H, 13.34. Found: 
C, 86.43; H, 13.04. 

An additional 8% of 99% pure and 8% of 97-98% pure 
spiro[5.6] dodecane were also obtained. 
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