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fractions of a c.p.s. from our findings of 11.2 C.P.S. 
for the unsubstituted and 10.8 C.P.S. for the sub- 
stituted trans-cyclohexane diols. The value of 
this sum may, therefore, be regarded as a useful 
numerical index of configuration for this type of 
compound, since the characteristic value obtainable 
for the aiialogous cis isomer from the data reported 
by Musher is about 50% greater (16.G c.P.s.). 

The effrcth of inversion barriers of the different 
configiirations on the chemical shift of the methyl 
groups in the diacetates are also very analogous to 
the eff'ecth observed in the diols. Though the de- 
tails have been omitted from the text, it is clear 
from the reproduced spectra that the four differing 
mvironments of the methyl groups are averaged by 
inversion in the truns isomer only. Rapid inversion 
in the trans isomer can be expected to  average the 
vhemical shift to two lines (even in the case of rapid 
inversion, it can be seen that there are two distinct 
environments for the four methyl groups in this 
molecule), which is exactly what the spectrum 
shows. On the other hand, the spectrum of the cis 
isomer includes three methyl signals, one of which 
appears from the intensity and line width to result 
from t x o  overlapping lines. The absence of rapid 
inversion thereby indicated confirms the validity of 

(28) B I .  F. Clark a n d  L. N. Owen, J Chem. Soc , 2105 (19.50) 

the use of this featwe in our work to assign the 
coilformation of cis-dimethylcyclohexane diol. 

struc- 
tural 

nssign- 
Isoilier tnent 

designa- con- 
tion firmed 

ltesorcitols I trans 
I1 cis 

5,5-l)imethgl- I11 trans 
resorcitols IT' cis 

Reference to 
Melt ing preparation 
point method 

16 0-I1Ci.5" 28 
86-87 O 28 
08-109" 14 
46-14i0 14 

Experimental 
The procedures followed in the preparatioii and purifica- 

tion of all the diols used were the same as those described in 
the references given in the accompanying table. Their phys- 
ical constants, including m.p. and infrared spectral data 
where available, agreed well with those recorded in the literit- 
ture in all cases. 

Conclusion 
On the basis of the arguments presented abovc. 

the structural assignments we have listed in the ac- 
companying table seem to accord best with the ob- 
served KMR spectra of the individual isomers. 

Synthesis of Spiroundecatrienones from 2,6-Di-t-butylquinone Methide and 
R u  tadienes 

Shell Dcoelopmcnt Coircpoir y, Emeryuillc, C'alifornio 

Spiro [5.j]undeca-t,4,8,-trien-3-ones (IIIa,b,c) were obtained as Iliels- Alder adducts from the reactions of 2,6-di-t-butyl- 
cluinone methide (11) with butadiene, isoprene. :rnd chloroprene. The strrictiire assigned t o  the butadiene product was 
iinequivocally proved primarily by a1tern:itr synthosie of it,s hydrogenation procluct , 2,~-di-t-but?-lspiro [5.5]1iridecs-3-onr 
(IV). The key step it1 the syiitliet,ic sch(:nic WE t h e  conversion of 2,&di-L-hityl-4-( ~-tosyloxypentyl)ph~i~ol (1.1)) t,o 2,4- 
rli-t-hiitylspiro 15.5 ]iinrlec:t-l~~~-dien-:~-onc ( V I )  in alriiost qiiant>itat,ive yield 1)y . i n 4  p:irticip:tt'ion reaction. 

~rohwpic  e\.itleiice for the existence of both 2,6- 
climet hylquiiioiie methide and 2,6-di-t-butylquinone 
methide in dilute hydrocarbon solution, although 
once again the quinone methides could not be 
isolated. 2,6-Di-t-butyl-4-methylene-2,5-cyclo- 
Iirs:idicnonc5 (11) TVRS reported to be formed by 
t i m t  nicwl of  :i,3-cli-t-but yl-~-Ii~drosyl~erixyl br(1- 
t ik id(% \\it11 1 riethylainilie 01' 1)y osidal ioii of 2,(i-cli-l 
Iiiityl- 1-iiiet hylpl~enoi n-ith lead rliosidc 

C'cim~?Ileinentiiig the ~vnr l i  of Fiiar a i d  \Yinbtein, 
\I e !ia.c*e f o i u d  tliat it IS possible to trap the reaotive 
mkrmediate. 2,6-di-tbutylquinone methide (11) 
a6 a Diels-Alder adduct with butadienes. Thus, 
spiro [5.5 ]uiideca-l,4,8-trien-3-ones (IIIa,b,c) were 
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isolated by treatment of a dilute solution (10-1 M )  
of 3,5-di-t-butyl-4-hydroxybenzyl bromide (Ia) in 
diene with the base, aniline. The yields of the 
adducts varied greatly with the nature of the diole- 
fin, as butadiene, isoprene, and chloroprene af- 
forded products in 10, 44, and 93% yields, respec- 
tively. The only other product identified under 
these conditions was 3,5,3f,5'-tetra-t-butylstilbene- 
4,4'-quinone. The chloroprene adduct was also 
isolated in 9% yield when 2,6-di-tbutylquinone 
methide was generated from 3,5-di-t-butyl-4-hy- 
droxybenzyl alcohol6 (Ib) and a catalytic amount of 
sulfuric acid. Here, the principal product was 3,s- 
di-tbutyl-4-hydroxybenzyl ether. 

Although two structural isomers were possible 
as products from the reactions with both isoprene 
and chloroprene. only one7 adduct mas isolatrd in 
each case. The position of the methyl or chloro 
substituent was not firmly established in the pres- 
ent work; however, in view of the observation6 
that the pura isomer always greatly predominated 
in the adduct from the Diels-Alder reaction of 
monosubstituted olefins with 2-substituted 1,s- 
butadienes, it seems reasonable that both the 
methyl and chloro substituent are at position 9 
(IIIb,c) rather than 8. 

OH 

CHZX 
Ia. X =Br 
b. X=OH 

0 OH 

0 

CHz 
I1 

0 -g Diene 

R 
IIIa. R = H 

b. R =  CH3 
C. R = C l  

0 0 

I V  Va. X=CI VI VI1 
b. X - S O S C ~ H ~ C H ~  

The assignment of the structure, 2,4-di-t-butyl- 
spiro[5.5]undeca-l,4,8-trien-3-one (IIIa), to the 
butadiene adduct was based on elemental analysis, 
absorption spectral data, and upon the nature of its 
hydrogenation product. The infrared spectrum of 
I I Ia  exhibited a triplet in the 6-p region indicative 
of a cyclohexadienone structure. The ultraviolet 
absorption spectrum showed a X maximum at  247 
mp in ethanol solution which is near that of 242.5 

(6) Filar and Winstein did not report formation of the quinone 
methide by reaction of this alcohol with aaid. 

(7) The presence of a amall (less than 5%) amount of the seoond 
isomer was not completely excluded, particularly in the case of the 
isoprene produot. 

(8) Y. Titov and A. I. Kuanatosova, Dokl. Nauk. USSR, 116, 586 
(1959). 

mp reported for spiro[5.5]undeca-l,4,dien-3-0ne.~ 
The presence of the a-t-butyl groups on IIIa  would 
be expected to increase the wave length of absorp- 
tionlo by about 10 mp. Hydrogenation of IIIa 
with palladium-on-carbon catalyst proceeded with 
absorption of three mole equivalents of hydrogen 
to give a product (82% yield) identical with 2,4- 
di-t-butylspiro [5.5]undeca-3-one (IV), prepared by 
alternate unequivocal synthesis. 

Compound ZV mas prepared as follows. Reaction 
of 2,6-di-t-b~tylphenol~~ n ith potassium t-butoxid e 
and 1-borm-5-chloropentane produced 2,s-di-t- 
butyl-4-(5-chloropentyl)phenol1 Va, (197, yield) as 
well as l-(2,6-di-t-butylphenoxy)-5-chloropentane 
(31% yieid) and 5-chloro-1-pentene (34% yield). 
Treatment of Va with silver tosylate in acetonitrile 
solution st 120 O gave 2,6-di-t-hu t yl-4-(*5-t osylosy- 
penty1)phenol (Vb) in 902, yield Refluxing a dilute 
solution of Vb in t-butyl alcohol with potassium t- 
butoxide afforded 2,4-di-t-butylspiro [5.5 Iundeca- 
1,4-dien-3-one (VI) in 987, yield, This spirodien- 
one absorbed two mole equivalents of hydrogen on 
hydrogenation with palladium-on-carbon catalyst 
to yield IVI2 in 88% yield. 

The yield of spirodienone, VI, appears to be the 
highest ever reported for this type of Arl participa- 
tion reaction.la In  other examples cited in the 
literature the yield of spirodienone is reduced due 
to intermolecular reaction. This type of side reac- 
tion is suppressed by the very high degree of steric 
hindrance about the phenolic oxygen in Vb. 

Hydrogenation of the 2,6-di-t-butylquinone 
methide-chloroprene adduct with palladium-on- 
carbon catalyst afforded 2,4-di-t-butylspiro [5.5.1- 
undeca-1-en-3-one (VII) in 657, yield. The 
structure was evident from spectral data (reported 
in the Experimental) and further quantitative 
hydrogenation with fresh catalyst to 2,4-di-t-butyl- 
spiro [5.5]-undeca-3-one (IV). 

Several years ago, Hatchard14 reported the isola- 
tion of a 1:l adduct (34-75% yield) from the 
oxidation of 2,6-di-t-butyl-4-methylphenol with 
lead dioxide or potassium ferricyanide in the pres- 
ence of chloroprene. A structure of type IIIc  
(chlorine atom not specified) was postulated pri- 
marily on the basis of absorption spectral evidence. 
A mechanism was suggested for the formation of the 
spiro adduct involving the addition of hydroxy-di- 
t-butylbenzyl radical to chloroprene to form an 
an allylic radical, VIII. The latter was specified 
to add intramolecularly to the aromatic system 
with subsequent oxidation converting the resulting 
radical to IIIc. This adduct has been found to  be 
identical with that isolated by us from the reaction 

(9) A. S. Draidmg, Helo. Chim. Acto, 40, 1812 (1957). 
(10) L. porfman, Chsm. Reo., 68, 47 (1953). 
(11) N. Fernblum and R. Seltaer, J .  Am.  Chsm. Soc., 88, 3668 

(12) Only one of the two possible geometrical isomers waa isolated. 
(13) 8. Winstein and R. Baird, J .  Am. Chem. SOC., 79, 756 (1957); 

(14) W. R. Hatohard, ibid., 80, 3640 (1958). 

(1961). 

9. Masamune, ibid., 88, 1009 (1961) and references oited therein. 
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of 2,6-di-t-but ylquinone methide with chloroprene. 
In  view of the present experiments which demon- 
strate that chloroprene is an exceptionally good trap 
for the quinone methide and the observations of 
Filar and Winsteins that lead dioxide oxidation 
forms the quinone methide, we prefer to interpret 
TT:itchnrd's experiments 2s involving a Dicls-.4ldcr 
type renctioii belmern 'L,G-di-t-Lut3rlcluinone ineth- 
ide and chloroprene rather than classical radical 
addition. 

Experimental 
3,5-Di-t-butyl-4-hydoxybenzyl Bromide (Ia) .-Hydrogen 

bromide was bubbled through a stirred suspension of 3,5-di- 
t-butyl-4-hydroxybenzyl alcohol (118 g., 0.5 mole) in 300 ml. 
of isopentane at  20-25' for 30 min. beyond when all of the 
solid had dissolved. The solution was washed three times 
with water, dried, and concentrated to a volume of 300 ml. 
Upon cooling to  - 5', 3,5-di-t-butyl-4-hydroxybenzyl bro- 
mide16 slowly crystallized as pale yellow plates, m.p. 52-54' 
(100 g., 74Y0 yield). 

2,4-Di-t-butyl-9-methylspiro [ 5 S]undeca-1,4,8-trien-3-one 
(IIIb).-A solution of aniline (10.3 g., 0.11 mole) in 30 ml. of 
isoprene was added dropwise over a 30-min. pcriod to a 
stirred solution of Ia (30 g., 0.1 mole) in 900 ml. of isoprene 
at  15-20. Stirring was continued under nitrogen at  20-25' 
for 72 hr. The precipitated aniline hydrobromide (17.5 g., 
101%) was Collected and washed several times with ether. 
The filtrate was washed with 10% hydrochloric acid, then 
lOyo sodium bicarbonate, and dried. Removal Lf the solvent 
under vacuum gave 28.0 g. of residual oil. 

The product was placed on a column containing 1750 g. of 
activated alumina (grade 1) using n-hexane as solvent and 
eluted with hexane containing increasing percentages of 
benzene. Crude 2,4-di-t-butyl-9-methylspiro 15 .5]undecb- 
1,4,8-trien-3-one (12.5 g., 44y0 yield), m.p. 60-65', came 
off with 10-20% benzene. Sublimation followed by recrys- 
tallization from Y50j, ethanol yielded 10 g .  of white plates, 
m.p. 73-74". 

Anal. Calcd. for CzoHsoO: C, 83.9; R, 10.5. Pound: 
C, 83.8; H, 10.4. 

Absorption spectra showed dienone bauds a t  6.03, 6.10, 
and 6.15 p in carbon tetrachloride solution in the infrared 
and a high intensity maximum at  242 mp ( e  12,000) in iso- 
octane solution in the ultraviolet. 

Further elution with 30-507, benzene gave the 3,5,3',5'- 
tetra-t-butylstilbene-4,4'-quinone1~ (8.5 g . ,  38y0 yield ), 
identified by the melting point of an admixture with an 
authentic sample. 

2,4-Di-t-butylspiro[S.S]undeca-l,4,8-trien-3-one (IIIa) .- 
h i l i n e  (10.3 g., 0.11 mole) was added drop-ise over a 15- 
min. period to an agitated solution of Ia (30 g., 0.1 mole) 
and butadiene (400 9.) in  400 ml. of n-hexane a t  0" contained 
in a pressure bottle. The mixture wm cooled to -50" and 
air was displaced with nitrogen. The pressure bottle was 

(15) C. D. Cook, N. G .  Nash, and H. R. Flanagan, J. Am. Chem. 

(16) C. D. Cook, J. Ore. Chem., 18, 261 (1953). 
Soc.. 77, 1783 (1955). 

sealed and tumbled a t  20-25' for 72 hr. Aniline hydrobro- 
mide (17.4 g.) waa collected and washed with ether, and the 
filtrate washed with 10% hydrochloric acid, then 10% 
sodium bicarbonate, and dried. Removal of the solvent 
under reduced pressure gave 27 g. of residual solid. 

The product was chromatographed on a column contain- 
ing 2000 g. of activated alumina (grade 1). Elution with 
15-30% benzene in hexane gave 2,4-di-t-butylspiro[5.5]- 
undeca-1,4,8-trien-3-one (2.7 g., 10% yield), m.p. 66-70'. 
Sublimation followed by recrystallization from 95% ethanol 
yielded 2.3 g. of white plates, m.p., 7676.5'. 

Anal. Calcd. for C1gH280: C, 83.8; H, 10.3. Found: 
C, 83.9; H,  10.2. 

The infrared spectrum exhibited maximum at  6.04, 6.10, 
and 6.16 p in carbon tetrachloride solution. The ultraviolet 
spectrum showed a high intensity maximum at  247 mp ( e  
11,600) in ethanol solution. 

2,4-Di-t-butyl-9-chlorospiro [5.5] undeca-l,4,8-trien-3-one 
(IIIc).-A solution of aniline (2.0 g., 0.021 mole) in 10 ml. of 
benzene was added dropwise over a 15-min. period to  a 
stirred solution of In (6.C g., 0.02 mole) and chloroprene (125 
g.) in 125 nil. of )ieiizene at 15-20". Stirring was continued 
under nitrugen at 20-25' for 24 hr. Aniline hydrobromide 
(3.6 g,, 103%) ma collected by filtration and Kashed with 
ether. The fi1trat.e wa8 concentrated under vacuum and the 
residue taken up in ether and washed with 10% hydrochloric 
acid, then lOy0 sodium bicarbonate, and dried. Evapora- 
tion of the solvent gave a solid residue which was recrys- 
tallized from methanol to yield I I Ic  as pale yellow crystals 
(5.7 g., 93% yield), m.p. 109-111'. Treatment with de- 
colorizing charcoal in ethyl alcohol gave white needles,m.p. 
11 1-112'. 

Anal. Calcd. for ClBH2,OCl: C, 74.4; H, 8.87; C1, 
11.6. 

The ultraviolet spectrum showed a high intensity maxi- 
mum at  242 mp ( e  9200) in isooctane solution. 

2,4-Di-t-butyl-9-chlorospiro [5 .5] undeca-l,4,8-trien-3-one 
(IIIc) from 3,5-Di-t-butyl-4-hydroxybenzyl Alcohol and Iso- 
prene.-A solution of Ib  (35.5 g., 0.15 mole), chloroprene 
(140 g.), and sulfuric acid (2.0 g.) in 250 ml. of ether was 
;timed at 23-25' for 18 hr. Then, sulfuric acid (1.0 9.) waa 
added and stirring continued for 24 hr. a t  25'. The eolution 
was washed with 10% sodium bicarbonate, dried, and the 
solvent removed under vac,uum to give 38 g. of solid residue. 
Recrystallization from 18-hexane gave 20 g. of pale yellow 
crystals, m.p. 128-132'. A second recrystallization from 
n-hexane afforded white plates of 3,5 di-t-butyl-4-hydroxy- 
benzyl ether, m.p., 133-135', identified by the melting point 
of an admixture with an authentic sample.1' An additional 
crop (8.0 g . )  of very crude ether was obtained by concentrat- 
ing the n-hexane solution. 

The residue obtained by removal of the hexane under 
vacuum was crystallized from methanol to give 4.0 g. (9% 
yield) of pale yellow crystals, m.p. 105-107'. After an 
additional recrystallization from methanol, 2,4-di-t-butyl-9- 
chlorospiro[5.5] undeca-I ,4,8-trien-3-one waa obtained m 
white needles, m.p. 110-111'. 

2 ,B-Di-t-butyl-4-( 5-chloropenty1)phenol (Va).-Potassium 
t-butoxide t-butyl alcoholate (55.5 g., 0.3 mole) was added 
cautiously to a stirred solution of 2,6-di-t-butylphenol (61.8 
g.,0.3 mole) in 750 ml. of tetraethylene glycol dimethyl ether 
under nitrogen a t  10-20'. After stirring 1 hr., a solution of 
55.8 g., (0.3 mole) of 1-bromo-5-chloropentane (Aldrich, 
fractionally distilled, n% 1.4818) in 75 ml. of tetraethylene 
glycol dimethyl ether was added. The resulting green 
solution was stirred under nitrogen at  20-25' for 72 hr. a t  
which time 97% of the t-but,oxide had been consumbd. 
The mixture was diluted with 2000 mi. of water, made acidic 
ni th  dilute hydrochloric acid, and extracted with three 
500-ml. portions of benzene. The organic extract was 
wvashed with six 1000-ml. portions of water and dried. 

Found: C, 74.5; H, 8.95; C1, 11.9. 

(17) Unpublished work of Dr. A. L. Rocklin, Shell Development Co. 
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Benzene and readily volatile reaction products were re- 
moved by vacuum distillation. Fractional distillation of 
this distillate through a semimicro spinning-band column 
gave 5-chloropentene-1, 8.5 g., b.p. 104-105' 1750 mm.), 
and forerun, 4.0 g., b.p. 87-103' (750 mm.), estimated to  
contain 50% 5-chloropentene-1 by infrared spectroscopy 
(34% total yield); n% 1.4310 (reported's n'9~ 1.4305). 

-4nal. Calcd. for CsHgC1: C, 57.4; H,  8.64; C1, 34.0. 
Found: C, 57.8; H, 8.70; C1, 33.5. 

The infrared spectrum exhibited absorption peaks at, 
6.12, 10.10, and 10.95 p characteristic of -CH=CH2. 

The residual liquid was fractionallv distilled from sodium 
carhonate (1 g. )  through a Vigreux column at  0.1 mm. t80 
give the following: fraction 1, 2,6-di-t-butylphenol, 27 g., 
b.p. 60-65" (m.p. 34-37'); fraction 2, 2.5 g., b.p. 70-135', 
and fracbion 3, 46 g., b.p. 134-140'. 

To a vigorously stirred solut,ion of fraction 3 in 250 ml. of 
t801uene under nitrogen was added potassium t-butoxide t -  
butyl alcoholate (11 g., 0.06 mole). Stirring was continued 
at, 20-25" for 12 hr. The t-butyl alcohol and most, of t,he 
toluene were removed at 35-40" wit.h a stream of nitrogen. 
Residual solid, dilut'ed n-ith 300 mI. of n-hexane, was col- 
Iwted and washed with n-hexane in a drybox. 

The solid was added to 300 ml. of 10% hydrochloric acid 
:tnd tthe acidic mixt,ure extracted twice with n-hexane. The 
organic extract was washed with 5yc sodium bicarbonate, 
dried, and t,he solvent removed under vacuum. Distillation 
of the residual liquid from sodium carbonate (0.5 g.) gave 
17 g. (19% yield) of 2,6-di-t-buty1-4-(5-chloropentyl)phenol 
(Va), b.p. 138-140' (0.1 mm.) which failed t o  crystallize on 
cooling. 

Anal. Calcd. for C19H310C1: C, 73.4; H, 10.0; C1, 
11.4; phenolic acidity, 0.32 eq/100 g. Found: C, 73.4; 
H ,  10.1; C1, 11.8; phenolic acidity0.32 eq/100 g. 

The n-hexane filtrate was washed with 10% hydrochloric 
wid, then 10% sodium bicarbonate, dried, and the solvent 
removed under vacuum. Distillation of the residual liquid 
gave 28 g. (31 %, yield) of 1 -( 2,6-di-t-but~plphenoxtp)-5-chloro- 
~)cnt,ane, b.p. 130-132' (0.1 mm.). 

. 1 7 ~ 1 .  ( 'drd. for C,gH310C1: C, 7 3 . 5 ;  FT, 10.0; PI. 
1 I .4. Found: (', 73 .7 ;  H. 10.1; CI. 11.2. 

The infrarthtl sprvtrum c~xhibit,d ahsorpt,ioii :tI !).!K< p 
c.ha.racterist,ic* of w r i  et,hpr linkage? w i l d  showcd n o  hands 
c.ha.rac%erist,ics of phenolic hvdrosyl, 

2,6-Di-t-butyl-4-(5-tosyloxypentyl)phenol (Vb).-.4 mix- 
turt' of Ira ( 5  g., 0.016 mole), silver p-toluenesulfonate (7.5 
g., 0.27 mole), and 100 ml. of acetonitrile was placed in a 
prcssurc bottle under nitrogen and tumbled at 120-125' for 
20 hr. The mixture was filtered (2.15 g. of silver chloride, 

nd the filtrate evaporated under vacuum to give 6.8 
yield) of R yellon- oil. The p-toluenesulfon:t~tc (esti- 

mxtcd to be 95% puro) ~ o u l d  not, crystallize and was user1 
' !vi tthoiit furt,licr purificat*ion. 

: l t i .n/.  (';dc,rl. for P?tiH3880j: C ,  69.9; I f ,  8.58; 8 ,  7 . 2 0 .  
FOllIlli, (", ,i(I..5; TI. 8..50; A, 6.7; Cl, 0.1. 

2.4-Di-5-butylspiro 5 .SI undeca-l,4-dien-3-one (VI) .- - 
,4  sol i l t ion of 1% (.5.2 g., 0.01 1 1  mole) and potassium t-but- 
oridcb t-l)utyl iili~oliolatc (2.6 g., 0.014 mole) in 1200 ml. o f t -  
bnt,yl alcohol was r.c+lused (83") under nitrogen for 16 hr. 
JIowt of the t -h ty l  alcohol was removed by vacuum distilla- 
t.ion. The rcsidu:il licluid \V:E diluted with 300 ml. of n-at,er 
:ind cytr;tc%ctl t,\vicc lvith rthrr. Drying and rewovnl of tho 
so lvc~ l  ~:LVI' 3.0 g. ($MI'; yirltli of  pn l r  ydlow crystals, m.p. 
0!1-1()2'. I~c~c.rysi:tlliz:c,ti~~ii froni ( . ( , l i : i l i o l  g n w  T'T :IS nhit'cl 
1 1 l ~ I ~ 1 1 1 l ~ S ,  l l l . 1 ' .  IO ( i  lo(\..7°. 

Anal. Calcd. for C19H300: C, 83.2; H, 11.0. Found: 
C, 83.4; H, 11.1. 

Absorption spectra showed dienone bands at 6.04, 6.11, 
and 6.17 p in carbon tetrachloride solution in the infrared 
and a high intensity maximum at  242 mp ( E  13,000) in iso- 
octane solution in the ultraviolet. 

Hydrogenation of 2,4-Di-t-butylspiro[5S]undeca-1,4- 
diene-3-one (VI).-A mixture of VI (0.9 g., 0.0033 mole), 
10% palladium-on-carbon catalyst (0.5 g.), and 50 ml. of 
absolute ethanol shaken at  25' under 40 p.s.i. of hydrogen 
pressure absorbed 2.1 moles of hydrogen per mole of spiro- 
dienone in 2 hr. The reaction mixture was filtered and the 
filtrate concentrated to  give a colorless oil which crystallized 
on standing. Recrystallization from 95% ethanol yielded 
0.8 g. (8870 yield) of white needles, m.p. 48-50'. Further 
recryst'allization gave pure 2,4-di-t-butylspiro[ 5.5lundeca-3- 
one (IV), m.p. 53-54'. 

Snal. Calcd. for ClQH,,O: C, 82.0; H, 12.3. Found: 
C, 82.0; H, 12.3. 

The infrared spectrum showed tt carhoiiyl band at 5.85 p 
in carbon ttetrachloride solution. 

Hydrogenation of 2,4-Di-l-butyIspiro [5. 5 ] undeca- 1,4,8- 
trien-3-one (IIIa).---4 mixt,ure of I I Ia  (0.6 g., 0.0022 mole), 
1 0 5  palladium-on-carbon cat)alyst (0.3 g.), and 30 ml. of 
absolute ethanol shaken at  25' under 40 p.s.i. of hydrogen 
pressure absorbed 2.9 moles of hydrogen per mole of sub- 
strate in 2 hr. The react,ion mixture \vas filt,ered and the 
filtrate concentrated to give a straw colored oil which crys- 
tallized on cooling. Recrystallization from 9575 ethanol 
gave 0.5 g. (82% yield) of pale yellow needles, m.p. 46-50'. 
A second recrystallization yielded white needles, m.p. 52.5- 
53.5". S o  depression in melting point was observed for an 
admixture with authentic 2,4-di-t-butylspiro [5.5]undeca-3- 
one (IV). The infrared spectrum was identical with that of 
t,he authentic sample. 

dnal.  Cnlcd. for ClgH3,O: C, 82.0; H, 12.3. Found: 
C, 82.1; H, 12.3. 

Hydrogenation of 2,4-Di-t-butyl-9-chlorospiro [S .5] undeca- 
1,4,8-trien-j-one (IIIc).-A solnt8iori of IIv (2.0 g., 0.06.5 

n i o l ( - h )  ill 30 inl. of absolute ethanol was tlubjectecl at, 2Ro t,o 
-IO 1J.s.i. of hydrogeii pressure in tlhe presence of 0.3 g. of 
IO?; palladium-on-carbon catalyst,. After being shaken fcr 
90 min. (3.0 moles of hydrogen absorbed per mole of sub- 
strate), the reaction mixture wm filtered, diluted with water, 
:Lnd extracted with ether. The ether extract was washed 
with 5YG sodium bicarbonatc, dried, and evaporated to give 
an oil which deposited crystals on standing in an ice water 
bath. Recrystallization from 95Yo ethanol yielded 1.2 g. 
(65% yield) of white crystals, m.p. 13-45'. An additional 
recrystallization gave pure 2,kli-t-butylspiro [ 5 . 5 ]  undeca-l- 
en-3-one (VII), n1.p. 44-45', 

Anal. Calcd. for ClgHa20: C, X . 5 ;  IT, 11.7. Found: 
c,, 82 .2 ;  I T ,  11.9. 

The infrared spcscl,rum slio\ic:d a,P-uiisatt,urated wrbonyl 
hnrids at 5.05 a,nd 6.02 p and ttii ultraviolet, absorpt,ion maxi- 
mum was found at  234 nip ( e  8300) in et8hanol solution. 

A mixture of VI1 (0.5 g., 0.002 inole) 1Oyo palladiuni-on- 
carbon (0.3 g.) arid 25 ml. of absolute ethaiiol shaken at  25' 
under 40 p.s.i. of hydrogen pressure absorbed 1.0 mole of 
hydrogen per mole of substrate in 1 hr. Work-up in the 
usual manner afforded 0.4 g. (eoc; yield) of 2,i-di-t-butyl- 
spiro [ 5 . 5 ]  undecn-3-orie, n1.p. 52 . L 5 3  .5 ' .  The mirctl mrlt>- 
ing point, with an :tut,lierit,ica s:tnil)lc \vits uiidep-csscd. 

Acknowledgment.-- -7'Iio :iiiiIiiir i h  gixlcd'iil i o  1 )I,. 
'1'2,111 B{>t,rig;1il l'oi, I i ~ l p ~ i i l  : r r i ( l  ,<I i i t i i 1 1 ; 1 1  i i ig i l i b t , i i ,+ -  

::lull. 


