
Notes 

tane solution dried (NazS04). The solvent was distilled a t  atmo- 
spheric pressure using a 12-cm vacuum-jacket spiral wire filled col- 
umn. The residue was distilled through a short-path still, bp 72- 
73' (18 mm), to yield 10.55 g (73%) of 98% (GC) pure hydrocarbon. 
The product displayed spectral characteristics identical with the 
reported v a l ~ e s . ~ , ~  

exo-4,7-Din~ethyl-5,6-diphenylpentacycl0[8.2.2.1~~~.0~~~.0~~~]- 
pentadeca-5,11,13-trien-15-one (4b). In a 250-ml, round-bot- 
tomed flask equipped with a reflux condenser were placed tricyclo- 
[4.2.2.02s5]deca.3,7,9-triene (2, 10.15 g, 0.078 mol), 2,5-dimethyl- 
3,4-diphenylcyclopentadienone dimer (20.0 g, 0.04 mol),14 and dry 
benzene (100 ml). The solution was refluxed with magnetic stirring 
under a nitrogen atmosphere until the red color disappeared (-40 
h) and cooled I O  room temperature, and ether (75 ml) was added. 
The white precipitate was filtered, washed with cold ether, and 
dried under reduced pressure at  25' to yield 21.1 g (70%) of exo 
isomer 4b. An analytical sample was recrystallized from cc14- 
MeOH: mp 182-184' dec; NMR (CDC13) 6 1.19 (s, 6), 1.72-1.93 (m, 
4), 3.62 (m, 2), 6.26-6.58 (overlapping triplets, apparent quintet, 4, 
J = 4 Hz), 6.78-7.30 (m, 10); ir (KBr) 696, 722, 760, 781, 809, 1395, 
1440, 1755, and 2930 cm-I; mass spectrum mle  390 (M+), 362 (M+ 
- CO), 284 (M + - CO - benzene), 258. 

Anal. Calcd for C29H260: C, 89.19; H, 6.71. Found: C, 88.96; H, 
6.76. 

The filtrate was concentrated to a viscous oil, which was dis- 
solved in hot CC14 (25 ml), and diluted with hot absolute EtOH 
(100 ml). The solution was rotary evaporated to 60 ml, the precipi- 
tate filtered, and the solid washed with EtOH. The filtrate was fur- 
ther concentrated to yield a product of lesser purity. A total of 7.1 
g (22%) of product was obtained from the ethanolic solution, and 
these crops were enriched in the endo isomer: NMR (CDC13) 6 1.34 
(s, 6), 1.88-2.30 (m, 4), 3.50-3.94 (m, 2), 6.25 (t, 2, J = 3.5 Hz), 6.51 
(t, 2, J = 3.5 Hz), 6.85-7.32 (m, 10). 
Bicyclo[2.2.2]octa-2,5,7-triene (1). To a quartz irradiation 

well equipped with a magnetic stirrer and a dry ice condenser was 
added a solution of 4b (7.80 g, 20 mmol) in dry tetrahydrofuran 
(125 ml) and the solution was purged with dry nitrogen for 1 h. 
The solution was irradiated through a Vycor filter with a Hanovia 
450-W lamp and the progress of the reaction followed by TLC 
(10% EtOAc-90% ligroin). After a 6-h period only traces of starting 
material remained and the irradiation was terminated. The reac- 
tion solution was transferred to a 250-ml, round-bottomed flask, 
the solution freeze-thaw degassed (five cycles, 25 F ) ,  and the vola- 
tile material vacuum transferred to a 250-ml, round-bottomed 
flask cooled in liquid nitrogen; a thick yellow residue remained in 
the distillation flask. An additional 20 ml of tetrahydrofuran was 
added to the rpsidue, and the vacuum transfer repeated. The com- 
bined tetrahydrofuran solution was concentrated by distillation 
through a 40-cm spinning-band column at  atmospheric pressure to 
leave 7.26 g of solution (10.7 mol % barrelene by NMR analysis, 
yield 1.07 g, 51%) which contained benzene and cyclooctatetraene 
as trace contarninants. Pure barrelene was isolated by preparative 
gas chromatography (15 f t  X 0.25 in., 2.5% SE-30,12Oo) and a neat 
sample displayed spectral properties identical with the literature 
v a l ~ e s . ~ ~ ~  

exo-1 ,6-Diniethyl-7,8-diphenyltricyclo[4.2.1.02~5]nona-3,7- 
dien-9-one (5b). A sublimer containing 4a (100 mg, 0.256 mmol) 
was heated at  3 60' under aspirator vacuum for 2 h. The white sub- 
limate was collected, yield 70 mg (87%) of 5b, and was resublimed 
under identical conditions: mp 132-1350;16 NMR (CC14) 6 1.19 (8 ,  

6), 3.09 (s, 2), 6.52 (s, 2),6.88-7.32 (m, ir (cc14) 699,848,891, 
907, 928, 970, 1.010, 1070, 1170, 1185, 1280, 1370, 1445, 1485, 1770, 
2900, and 3000 cm-l; mass spectrum mle  312 (M+), 286 (M+ - 
C2H?), 284, (M+ - CO, base peak), 258. 

Anal. Calcd for C23H200: C, 88.43; H, 6.45. Found: C, 88.37; H, 
6.29. 

exo-4,7-Diniethy1-5,6-diphenylpentacyclo[ 8.2.2.14,7.0'.y.0".L]- 
~entadeca-5,13-d~en-15-onedicarboxylic A c i d  A n h y d r i d e  (6). 
A suspension of crude endo-tricyc10[4.2.2.0~~~]deca-3,9-diene-7,8- 
dicarboxylic acid anhydride (12.2 g, 0.06 mol), 2,5-dimethyl-3,4- 
diphenylcyciopentadienone dimer (15.7 g, 0.03 mol), and 100 ml of 
toluene was heated under reflux for 24 h; the bright red color of 
the monomeric dienone gradually disappeared. The suspension 
was cooled in an ice bath, and the product filtered. To the filtrate 
there was added 100 ml of ether and a second crop of crystals was 
obtained. The combined crops were dried under vacuum: yield 27.6 
g (98%); mp 278-280'; NMR (CDC13) 6 1.20 (s, 6), 2.02 (broad s, 4), 
3.01 (t, 2, J = 2 Hz), 3.35 (m, 2), 6.45 (t, 2, J = 4 Hz), 6.80-7.30 (m, 
10); ir (KBr) 750, 809, 915, 1085, 1220, 1770, and 1850 cm-'; mass 
spectrum mle  462 (M+), 434 (M+ - CO). 258. 
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Anal. Calcd for C31H2604: C, 80.50; H, 5.67. Found: C, 80.71; H, 
5.48. 
Bicyclo[2.2.2]octa-2,5-diene-7,8-dicarboxylic A n h y d r i d e  

(7). A solution of 6 (924 mg, 2 mmol) in dry tetrahydrofuran (30 
ml) was placed in a Vycor tube fitted with a stopcock, the tube was 
cooled in ice water in a transparent quartz Dewar flask, and the so- 
lution was degassed with nitrogen. At ice temperature, the solution 
was irradiated for 9 h in a Rayonet reactor using 254-nm light 
sources. A small amount of solid material was filtered, and the so- 
lution treated twice with small portions of ligroin and the resulting 
solids removed. Finally, a 25-ml portion of ligroin was added and 
the flocculent precipitate filtered and dried (O', vacuum) to give 
190 mg (54%) of material of about 90% purity (NMR analysis): mp 
70-80' dec; NMR (CDC13) 6 3.20 (t, 2, J = 1.5 Hz), 4.12 (m, 2), 6.54 
(t, 2, J = 3.5 Hz); ir (CHC13) 824, 914, 930, 960, 1010, 1080, 1230, 
1295,1345,1775,1845,2920, and 3020 cm-l. 

A small amount of 7 was recrystallized by dissolving it in a mini- 
mal amount of tetrahydrofuran a t  room temperature, followed by 
the addition of 4 volumes of ether. The resulting solution was 
chilled for 12 h and the crystalline precipitate was filtered (-30% 
recovery), mp 70-80% (dependent upon heating rate). 

Anal. Calcd for CIOHBO~: C, 68.18; H, 4.58. Found: C, 68.14; H, 
4.83. 

R e g i s t r y  No.-1, 500-24-3; 2, 21604-76-2; 3, 51447-09-7; 4a, 

57496-77-2; 2,5-dimethyl-3,4-diphenylcyclopentadienone, 26307- 
57496-75-0; 4b, 57526-53-1; 5b, 30450-25-0; 6, 57496-76-1; 7, 

17-5. 
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T h e  ozonation of alcohols has received only scattered at- 
tent ion throughout  t h e  literature.2 Primary interest  has  
been a mechanistic interpretation of the oxidation process. 
However, since w e l ~ ~  a n d  others2 have noted fairly rapid 
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~- Table I - 
Alcohol Registry no. %ketone yield Alcohol Registry no. 96 ketone yield 

2-Propanol 
2-Butanol 
2-Pentanol 
3-Pentanol 
2-Hexanol 
3-Hexanol 
2-Heptanol 
3 - Heptanol 
4-Heptanol 
2-Octanol 
4-Octanol 

67-63-0 
78-92-2 

6032-29-7 

626-93-7 
623-37-0 
543-49-7 
589-82-2 
589-55-9 
123-96-6 
589-62-8 

584-02-1 

83 
72 
69 
81 
66 
74 
62 
82 
70 
71 
66 

and complete conversion of alcohols to ketones upon ozo- 
nation, it was decided that a potentially useful synthetic 
oxidation method had presented itself. We tested the gen- 
eral applicability of this method by ozonizing 21 acyclic 
and cyclic secondary alcohols in methylene chloride at  0 
O C .  

Results and  Discussion 
Yield data for these oxidations are summarized in Table 

I. 
The results indicate that ozonation gives ketone yields 

quite comparable to other oxidation  method^.^ Moreover 
VPC and ir analysis showed no residual alcohol in the raw 
product mixtures, whereas the more common oxidation 
processes frequently leave some unreacted alcohola6 Under 
the stated ozone flow conditions complete oxidation of 
10-20 rnmol of alcohol required 40-60 min at  0 O C . '  The 
ketone products were essentially inert to "overozonation".* 

As noted p r e v i ~ u s l y , ~ ~ ~  ozonation of alcohols, and most 
other functional groups, causes a certain amount of carbon- 
carbon scission. Likewise the present study showed minor 
yields of mono- and dibasic acids from the acyclic and cy- 
clic alcohols, respectively. The nonvolatile acids were con- 
veniently removed by either an aqueous bicarbonate wash 
or flash distillation prior to analysis. No other product im- 
purities could be detected? 

The general utility of alcohol oxidation via ozonation is, 
of course, somewhat limited. Since the oxidation rate of al- 
cohols is clearly many times slower than the addition of 
ozone to a carbon-carbon K the use of alkenols or 
alkynols is ruled out. The presence of other ozone reactive 
functional groups, e.g., aldehydes, amines,1° etc., is also ex- 
cluded. Finally, the rather slow rate of alcohol oxidation it- 
self,2 coupled with the necessity of ozonating at pressures 
close to atmospheric, appear to make large-scale oxidations 
impra~ t i ca l .~  

However, ozonation, as an oxidation method, does offer 
some attractive advantages when compared to existing pro- 
cedures. On a small preparative scale the alcohol is gently 
converted to ketone in a neutral organic medium'l at  a rel- 
atively low temperature. The side reactions which some- 
time accompany highly acidic or basic media and/or high 
temperatures are therefore eliminated. The work-up fol- 
lowing ozonation is obviously quite simple, involving only 
simultaneous ozone quenching and carboxylic acid removal 
with an aqueous basic iodide ~ a s h . ~ J ~  Distillation to re- 
move unreacted alcohol is unnecessary. Finally, the cost of 
the oxidizing agent itself, excluding the ozonator,13 is mi- 
nuscule when compared to that for most of the common ox- 
idants. 

Experimental Section 

2-Nonanol 
4-Nonanol 
4-Decanol 
5-Decanol 
2,4-Dimethyl- 3-pentanol 
C yclopentanol 
Cyclohexanol 
C ycloheptanol 
C ycloheptanol 
Cyclooctanol 
Cyclododecanol 

628-99-9 
5932-79-6 
2051-31-2 
5205-34-5 
600-36-2 

96-41-3 
108-93-0 
502-41-0 

696-71-9 
1724-39-6 

57 
68 
71 
65 
83 
53 
65 
74 
654 
69 
61 

Rate of ozone flow was calculated by the standard iodide-thiosul- 
fcte method.14 

Ozonations were generally carried out a t  0 "C in a 100-ml three- 
necked flask with 1-2 g (10-20 mmol) of alcohol as a 1-2% w/v so- 
lution in CH2Clz. The reaction solution also contained 10-20 mmol 
of nitromethane as an internal VPC standard. The reaction vessel 
was fitted with an inlet tube, magnetic stirrer, and a dry ice reflux 
condensor in series with an aqueous KI trap. 

After ca. 45 min of ozonation, the reaction solution was washed 
with 20 ml of a 1 M aqueous KI-NaHC03 solution. The organic 
phase was dried with MgS04 and analyzed by VPC on 10 f t  X 0.25 
in. 10% SE-30,20% DEGS, and 10% Carbowax columns. Identifica- 
tion of ketone products was accomplished by both comparing the 
peak retention times with those of the known ketones and by VPC 
collection and subsequent ir analysis of each peak.i5 Yields were 
calculated by using the VPC integration data coupled with the de- 
tector sensitivity calibration curves for each nitromethane-ketone 
mixture. 

Registry No.-Ozone, 10028-15-6; 2-propanone, 67-64-1; 2 - b ~ -  
tanone, 78-93-3; 2-pentanone, 107-87-9; 3-pentanone, 96-22-0; 2- 
hexanone, 591-78-6; 3-hexanone, 589-38-8; 2-heptanone, 110-43-0; 
3-heptanone, 106-35-4; 4-heptanone, 123-19-3; 2-octanone, 111- 
13-7; 4-octanone, 589-63-9; 2-nonanone, 821-55-6; 4-nonanone, 
4485-09-0; 4-decanone, 624-16-8; 5-decanone, 820-29-1; 2,4-di- 
methyl-3-pentanone, 565-80-0; cyclopentanone, 120-92-3; cyclo- 
hexanone, 108-94-1; cycloheptanone, 502-42-1; cyclooctanone, 
502-49-8; cyolododecanone, 830-13-7. 
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Reported occurrences of 8’-apocarotenoids in nature are 
not common. From a known total of 311 naturally occur- 
ring carotenoids Straub2!3 lists only four (2-30 compounds. 
Two of these, 8’-apo-P-caroten-8‘-al (3a) and p-citraurin 
(3b), are found in citrus peel. The latter pigment is the 
major contributor to the red color of tangerines and the 
bright color of  orange^.^^^ More recently, 3-hydroxy-5,8- 
epoxy-5,8-dihydro-8’-apo-/3-caroten-8’-al was found in or- 
ange juice6 and p-citraurinene (8’-apo-P-caroten-3-01, la) 
was identified as a major pigment in citrus peeL7 Also re- 
cently, Taylor and D a v i e ~ ~ ~ ~  reported a group of acyclic 
C-30 carotenoids from bacteria. 

RO 
la, R = H lb, R = A c  

Za., R = Acyl 2b, R- H Zc, R = Ac 

3a, R = H 3b, R = O H  3c, R = OAc 

CHzOR 

4a, R = H  4b, R=Ac 

In this paper, we describe the isolation and structure elu- 
cidation of a new C ~ O  carotenoid, p-citraurol, from peel of 
the citrus hybrid Robinson (Orlando tangelo X Clementine 
mandarin). This carotenoid with the structure of 8’-apo-P- 
caroten-3,8’-diol (2b) is not believed to have previously 
been reported to occur in nature. Curl reported the synthe- 
sis of p-citraurol from /3-citraurin.10 

0-Citraurol (2b) occurs as a diester in the peel as deter- 
mined by a significant change in Rf on TLC following sa- 
ponification. Acetylation of the carotenoid indicated two 
hydroxyl groups, yielding a monoester as an intermediate. 

The natural diester (2a), the diol (2b), and the diacetate 
(2c) showed similar visible spectra typical for a P,+ chro- 
mophore with Amax 403, 425, and 450 nm in n-hexane. 
There was no shift in the visible spectrum after treatment 
with HC1 in EtOH’I and a color test with HC1 on TLC was 
negative. These tests along with a failure to reduce the oxy- 
gen with lithium aluminum hydride indicated the absence 
of an epoxide or a furanoid oxide. 

Most of the studies on 0-citraurol reported in this paper 
were made on the diacetate ester. The ester was more easily 
isolated than the alcohol and previous work with similar 
compounds would suggest that the esterified form is more 
 table.^ 0-Citraurol diacetate (2c) exhibited a molecular ion 
a t  mle 518. Fragments due to the loss of acetic acid at  m/e 
458 (M - 60) and 398 (M - 120) confirmed the presence of 
two hydroxyl groups. Typical ester bands were exhibited in 
the infrared spectrum a t  1740 and 1245 cm-l. 

The positions of the OH groups were investigated by sev- 
eral means. Smooth saponification and acetylation reac- 
tions ruled out a tertiary alcohol as well as a hydroxyl 
group in position C-2.12 Oxidation with p-chloranil yielded 
a reddish compound with chromatographic and spectral 
properties identical with those of p-citraurin (3b) indicat- 
ing one allylic hydroxyl group. 

The above mentioned structural features were ultimately 
confirmed by the NMR data. The doublet of the geminal 
methyl groups at  1.08 and 1.12 ppm as well as the broad 
signal of the single proton a t  C-3 at  ca. 5.05 ppm point to a 
secondary ester configuration of a 3-hydroxy-&end group 
ring. A singlet a t  1.98 ppm was associated with the three in- 
chain methyl groups, while the end-of-chain methyl yielded 
a singlet a t  1.85 ppm. These signals together with the sin- 
glet of two protons a t  4.58 ppm demonstrated an ester of a 
primary alcohol group a t  C-8’. Finally, the structure was 
confirmed when the diacetate of 0-citraurol was synthe- 
sized from (3-citraurin and the synthetic product was found 
to have identical chromatographic, spectroscopic, and 
chemical properties with the diacetate made from the natu- 
ral occurring diol. 

The finding of /3-citraurol brings the known 8’-apocaro- 
tenoids to seven, with five of these found in citrus fruit. 
The presence of this number of similar compounds suggests 
that the biosynthesis of 0-citraurin may not be a degrada- 
tion product of C40 compounds as proposed13 but rather it 
may form through a new pathway for C ~ O  compounds. 

A novel ,fragmentation of p-citraurol diacetate in the 
mass spectrometer was observed with both the natural and 
synthetic compounds. I t  is well known in carotenoid chem- 
istry that acetic acid esters of nonallylic hydroxy carot- 
enoids have a fragment M - 60 (M - acetic acid). The al- 
lylic ester of p-citraurol a t  C-8’ showed not only a loss of 
acetic acid but also two significant fragments, one a t  M - 
44, loss of C2H40, and a second fragment at  M - 58, loss of 
C2H202. The intensity of mle 474 varied from 1.8 to 77% 
compared with the molecular ion and m/e 460 varied from 
6.3 to 108% depending on the probe temperature. 

The fragments mle 474 and 460 have the same composi- 
tions as compounds 3c and lb, respectively. Therefore, the 
decomposition of 2c into 3c and lb  is not excluded. The 
relatively high temperatures required ( >2OODC) and the 
variable fragment intensities suggest thermal rather than 
electron-impact induced reactions. Compound 1 b does not 
exhibit a similar fragmentation, but gives only the M - 60 
peak. However, 8’-apo-P-caroten-8’-01 acetate (4b) also 
gives fragments of M - 44 and M - 58 as found with 2c. 
This would suggest that these two fragments are character- 
istic for the allylic end-of-chain acetate ester. Gross et a1.14 
report for a similar allylic end-of-chain ester of 5,8-epoxy- 
5,8-dihydro-l0’-apo-~-caroten-3,lO’-diol diacetate a frag- 


