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(1 mL) was added. After 15 min, triethylamine (0.943 g, 9.32 
mmol) was added, and stirring was continued for 5 min. The 
mixture was warmed to room temperature and then partitioned 
between water and methylene chloride. Flash chromatography 
(ethyl acetate/hexanes, 1:l) afforded ketone 12 as a colorless oil 
(0.1 g, 82%): 'H NMR (CDC13) 6 1.45-2.20 (m, 9 H), 2.56-2.75 
(m, 2 H), 2.8-3.05 (m, 1 H), 3.35 (s,3 H), 3.3-3.8 (m, 4 H), 4.20-4.35 
(m, 1 H), 4.61 (8, 1 H); IR. (CH2Cl2) 3420,2930,2860,1710,1620; 
CIMS, m / z  (relative intensity) 256 (M+ + 1, 100). 

Anal. Calcd for C13H21N01: C, 61.16; H, 8.29. Found C, 60.98; 
H, 8.31. 

4-Carbomethoxy-4- hydroxy-3-methoxy-2,5-cyclo- 
hexadien-1-one (16). A mixture of 2 (100 mg, 0.54 mmol), py- 
ridinium dichromate (0.89 g, 2.2 mmol), tert-butyl hydroperoxide 
(0.2 g, 2.2 mmol), and Celite (100 mg) in benzene (20 mL) was 
stirred at room temperature for 2 h. The reaction mixture was 
diluted with methylene chloride (50 A), fitered through Celite, 
and concentrated at reduced pressure. Flash chromatography 
(silica gel, ethyl acetate/hexane, 1:l) and crystallization (ethyl 
acetate/hexane, 1:lO) provided 16 as colorless crystals (83 mg, 
77%): mp 124-125 OC; 'H NMR (CDC13) b 3.78 (s,3 H), 3.82 (8,  
3 H), 4.15 (e, exchangeable with DzO, 1 H), 5.62 (d, J = 1.4 Hz, 
1 H), 6.28 (dd,J = 9.9 Hz, J = 1.5 Hz, 1 H), 6.50 (d, J = 9.9 Hz, 

1760,1665,1625,1600 cm-'; UV (MeOH) A,- (e) 285 (34061,234 
(6744); CIMS m / z  (relative intensity) 199 (M+ + 1, 100). 

Anal. Calcd for C$Ilo05: C, 54.55; H, 5.09. Found: C, 54.61; 
H, 5.22. 
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Introduction 
In an earlier study on the stereoselectivity of the (4 + 

2) cycloaddition reactions of substituted bisallenes' it was 
observed that during the reaction of a 1:l mixture of er- 
ythro- and threo-8,8dimethyl-2,3,5,6-nonatetraene (1) with 
0.5 molar equiv of N-phenylmaleimide exposed to the air 
a mixture of the 5-alkyl-4-alkylidenecyclopentenones 2-5 
was formed. These observations have led to further studies 
on the oxidation and epoxidation of bisallenes. The recent 
article by Bartlett and Banavali on the "Spontaneous 
Oxygenation" of strained alkenes to produce epoxides2 has 
helped to clarify the mechanism of the air oxidation of 1 
and has prompted us to report our observations. 

Rssults 
Bisallene 1 on being stirred at room temperature in 

CDCl, solution exposed to the air for 24 h cleanly produces 
a mixture of 2-5 in a 2425:32:19 ratio. Attempted chro- 
matographic separation on silica gel resulted in the isola- 
tion of inseparable mixtures of 2 and 3 and 4 and 5. The 
infrared spectra of the two mixtures displayed an intense 
band in the carbonyl region at 1690 cm-'. The ultraviolet 

(1) Pasto, D. J.; Yang, S.-H. J .  Org. Chem. 1989,54, 3978. 
(2) Bartlett, P. D.; Banavali, R. J. Org. Chem. 1991,556,6043, 
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spectra showed a A- at 280 nm versus a calculated value 
of 276 nm for the dienone chromophore in 2-5. The 
positions of the methyl groups in 2-5 were readily assigned 
on the basis of their chemical shifts in the NMR spectra, 
being at 6 1.33 and 1.21 in 2 and 3, and at much lower field 
at 6 1.83 and 1.92 in 4 and 5. The assignment of the 
stereochemistry about the exocyclic double bonds in 2-5 
has been made on the basis of the relative magnitudes of 
the allylic coupling constanta between the B and 6 protons 
which are in general larger when syn compared to when 
anti? In 3 and 5 the coupling constants are 1.58 and 1.63 
Hz, while in 2 and 4 they are 0.48 and 0.62 Hz, respectively. 
The oxidation of 1 with dimethyldioxirane' (DMD) sim- 
ilarly produced a mixture of 2-5 in a 2 6 3 0 2 8 1 6  ratio 
which is considered to be within experimental error the 
same as that formed in the air oxidation of 1. 

tBu H 

4 5 

Interestingly, 2,7-dimethyl-2,3,5,6-octatetraene (6) does 
not undergo air oxidation. Treatment with m-chloroper- 
benzoic acid resulted in the formation of a 2971 mixture 
of 7 and 8. The structure of 7 was readily apparent from 
its NMR spectrum which contained vinyl proton doublets 
and three singlets representing two different vinyl methyl 
and two identical saturated methyl groups. The structure 
of 8 was also readily apparent from its NMR spectrum 
which implicated the presence of a CH=CHCH= system, 
the presence of two vinyl methyl groups and two identical 
saturated methyl groups, and the presence of m-chloro- 
phenyl group. The trans stereochemistry about the double 
bond is suggested by the magnitude of the vicinal coupling 
constant of 11.65 Hz. The reaction of 6 with 1 molar equiv 
of DMD produces a mixture of 7 and 9, along with some 
unreacted 6. Reaction of 6 with a excess of DMD cleanly 
produces only 9, which does not react further with the 
DMD. 

Discussion 
By analogy with the observations of epoxide formation 

in the spontaneous oxygenation of strained alkenes? the 
air oxidation of the very reactive bisallene 1 would also 
appear to involve epoxide formation.6 The similarity of 
the product ratios derived from the air oxidation and the 
reaction of 1 with DMD supporta this view. The formation 
of the four products indicates that both allene chromo- 

(3) Sternhall, s. Reu. Pure Appl. Chem. 1964,14, 15. 
(4) Murray, R. W.; Jeyaraman, R. J.  Org. Chem. 1985,50, 2847. 
( 5 )  The mechanistic details of the air oxidation of 1 to produce the 

epoxides have not been explored. 
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which is trapped by the carboxylate anion to produce 8. 
Ring opening of 18b produces 19b which can directly un- 
dergo electrocyclic ring closure to produce 7. 

6 
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I 

CH3 
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phores in 1 must undergo epoxidation with a alight pref- 
erence for the epoxidation of the methyl-substituted allene 
chromophore of 1. Which double bond of the allene 
chromophore undergoes epoxidation is not known, al- 
though one would anticipate that the 3,4- and 5,6-double 
bonds of the central conjugated 1,3-diene system should 
be more reactive due to its possessing the higher-energy 
HOMO of 1. It is of little consequence, however, since the 
epoxide formed by epoxidation of either double bond of 
an allene chromophore will undergo ring opening to form 
the same oxyallyl cation intermediate, a well-known re- 
action of allene epoxides.6J The ring opening of the ep- 
oxides 10 and 13 derived from 1 must produce the 2-oxy- 
pentadienyl zwitterions 11 and 14 which undergo electro- 
cyclic ring closure to produce 12 and 15, which are simply 

0 0' 

13 14 15 

resonance contributing structures of the product dienones 
2 and 3 and 4 and 5.8 This cyclization reaction is very 
similar to that observed with vinylallenes on epoxidationg 
and is very similar to the Nazarov cyclization of 3- 
hydroxypentadienyl cations,'O derived by the protonation 
of divinyl ketones, which undergo electrocyclic ring closure 
to ultimately form cyclopentenones as illustrated in the 
following equation. 

OH 0 
I II 

0 OH 
II I 

16 17 

The electrocyclic ring closure of 16 produces a "cross- 
conjugated", 2-hydroxyallyl cation. The electrocyclic ring 
closure of 11 and 14, however, produces directly a 
"through-conjugated", 1-oxypentadienyl cation (a reso- 
nance contributing structure of an cx,fl,y,b-dienone) which 
should provide for a much greater driving force for this 
cyclization process compared to that in the Nazarov cy- 
clization. 

The epoxidation of 6 with m-chloroperbenzoic acid is 
expected to form epoxide 18 which can exist in the two 
conformations shown. Ring opening of 18a produces 19a 

(6) For a review describing the epoxidation of allenes see: Jacobs, T. 
L. In The Chemistry of Allenes; Landor, S. R., Ed.; Academic Press: New 
York, 1982; pp 493-491. 

(7) Crandall, J. K.; Conover, W. W.; Komin, J. B.; Machleder, W. H. 
J .  Org. Chem. 1974, 39, 1723. Crandall, J. K.; Machleder, W. H. J .  
Heterocycl. Chem. 1969,6,777. Crandall, J. K.; Machleder, W. H. J.  Am. 
Chem. SOC. 1968,90,7347. Crandall, J. K. Machleder, W. H.; Thomas, 
M. J. J. Am. Chem. SOC. 1968,90,7346. 

(8) The conformations shown in 10,11,13, and 14 are thoee necessary 
to undergo the electrocyclic ring closure to form 12 and 16 and are not 
implied to represent the lowest energy conformations of those interme- 
diates. 

(9) Bertrand, M.; Grimaldi, J. Compt. Rend. C 1967,265, 196. Gri- 
maldi, J.; Bertrand, M. Tetrahedron Lett. 1969,3269; Bull. SOC. Chim. 
Fr. 1971, 957. Roumestant, M. L.; Malacria, M.; Gore, J.; Grimaldi, J.; 
Bertrand, M. Synthesis 1976, 755. 
(10) For a review of the Nazarov cyclization reaction see: Santelli- 

Rouvier, C.; Santelli, M. Synthesis, 1983, 429. 
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In order to circumvent the trapping of 19 by the car- 
boxylate anion, the epoxidation of 6 was carried out with 
dimethyl dioxirane (DMD). This resulted in the formation 
of 7 and its epoxide derivative 9. 

18 10 

In the presence of a large excess of DMD, 9 failed to un- 
dergo further reaction. The reactivity of 7 toward ep- 
oxidation to produce 9 can be attributed to a high-energy 
HOMO of the dienone chromophore which possesses the 
largest coefficients on the carbon atoms of the exocyclic 
double bond. The HOMO of the enone chromophore in 
9 lies considerably lower in energy and is thus less reactive 
with the electrophilic DMD.ll The lack of any significant 
reactivity of 2-5 toward further reaction with DMD would 
appear to be due to the slightly lower energy HOMO of 
the dienone chromophore due to lesser substitution on the 
exocyclic double bond. 

Experimental Section 
Air Oxidation of 8,8-Dimethyl-2,3,5,6-nonatetraene (1). A 

solution of 25 mg of 1 in 2 mL of CDCIB contained in a 10-mL 
round-bottomed flask equipped with a condenser was allowed to 
stir at rt for 24 h. Analysis by NMR indicated the absence of 
1 and the presence of only a mixture of 2 6  in a ratio of U253219. 
The solvent was removed, and the residue was subjected to 
chromatography on silica gel giving inseparable mixtures of 2 and 
3 and 4 and 5. 

2: 300-MHz 'H NMR (CDClJ 6 1.19 (s,9 H), 1.33 (d, J = 7.49 
Hz, 3 H), 3.00 (dq, J = 1.27, 7.49 Hz, 1 H), 5.73 (dd, J = 1.27, 
0.48 Hz, 1 H), 6.05 (dd, J = 5.44,0.48 Hz, 1 H), 7.60 (d, J =  5.44 
Hz, 1 H); UV (on mixture of 2 and 3) XmarC2H60H 276 nm; IR (on 
mixture of 2 and 3) vM 1690 cm-'; HR-EIMS calcd for CllHlsO 
164.1201, found 164.1200. 

(11) The resulta of ab initio, nongeometry-optimized calculations at 
the 3-21G level on acrolein and (Z)-2,4-pentadienal (having the same 
C=O,  C-C, C=C and C-H bond lengths) indicate energies for the 
HOMO of acrolein of 10.8 eV and for (Z)-2,4-pentadienal of 9.3 eV. 
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3: NMR (CDC13) 6 1.21 (d, J = 7.55 Hz, 3 H), 1.23 (8, 9 H), 
2.70 (dq, J = 0.87, 7.55 Hz, 1 H), 5.64 (dd, J = 1.58,0.87 Hz, 1 
H), 6.21 (dd, J = 5.76, 1.58 Hz), 8.23 (d, J = 5.76 Hz, 1 H). 

3 H), 2.67 (br d, J = 1.05 Hz, 1 H), 5.85 (qdd, J = 7.47, 1.05,0.62 
Hz, 1 H), 5.99 (ddq, J = 5.55, 0.62, 0.58 Hz, 1 H), 7.64 (d, J = 
5.55 Hz, 1 H); UV (on a mixture of 4 and 5) X,c2HaoH 282.1 nm; 
IR (on a mixture of 4 and 5) va-0  1690 cm-'; HR-EIMS calcd for 
CllHleO 164.1201, found 164.1201. 

3 H), 2.43 (dq, J = 0.78,0.65 Hz, 1 H), 5.70 (qddd, J = 7.17, 1.63, 
0.92,0.78 Hz, 1 H), 6.12 (ddd, J = 5.76, 1.63,0.73, 1 H), 8.03 (dd, 
J = 5.76, 0.92 Hz, 1 H). 

Reaction of 1 with Dimethyldioxirane (DMD). To a so- 
lution of 0.2 g of l in 10 mL of acetone was added l molar equiv 
of DMD.4 The reaction mixture was allowed to stand at  rt for 
24 h. The solvent was removed under reduced pressure, and the 
NMR spectrum of the residue was recorded showing the presence 
of only 2-5 in a ratio of 26:3028:16. 

Reaction of 2,7-Dimethyl-2,3,5,6-octatetraene (6) with 
m-Chloroperbenzoic Acid. To a solution of 0.25 g (1.8 mmol) 
of 6 in 5 mL of CHzClz was added a solution of 0.32 g of m- 
chloroperbenzoic acid in 10 mL of CHzCl,. The reaction mixture 
was stirred at rt for 10 h. The reaction mixture was then washed 
with 5% aqueous NaHC03 until the evolution of COz ceased. The 
solution was dried (MgS04), and the solvent was removed under 
reduced pressure. The NMR spectrum of the crude product 
mixture was recorded indicating the presence of only 7 and 8 in 
a 29:71 ratio. The residue was subjected to column chromatog- 

4: NMR (CDC13) 6 0.99 (8, 9 H), 1.83 (dd, J = 7.47, 0.58 Hz, 

5: NMR (CDCl3) 6 0.98 (8,  9 H), 1.92 (dd, J = 7.17, 0.65 Hz, 

Additions and Corrections 

raphy on silica gel (3:2 hexanes-ether as eluent) giving pure 
fractions of 7 and 8. 

7: 3@)-MHz 'H NMR (CDC13) 6 1.22 (s,6 H), 1.96 (br s, 3 H), 
1.97 (br s,3 H), 6.08 (d, J = 5.74 Hz, 1 H), 8.01 (d, J = 5.74 Hz, 
1 H); IR: v- 1710 cm-'; HR-EIMS calcd for Cl&H,,O 150.0944, 
found 150.0944. 

8: NMR (CDCl,) 6 1.64 (s,6 HI, 1.85 (br d, J = 0.98 Hz, 3 H), 
1.92 (br d, J = 1.08 Hz, 3 H), 6.09 (br d, J = 11.65 Hz, 1 H), 6.81 
(dd, J = 11.65, 11.66 Hz, 1 H), 7.36 (dqq, J = 11.65, 1.08, 0.98 
Hz, 1 H), 7.4-8.0 (m, 4 H); IR v c - 0  1710 and 1679 cm-l; EIMS 
no parent ion could be observed; CIMS m/z 307 for M + 1. 

Reaction of 6 with DMD. The reaction of 6 with 1 molar 
equiv of DMD in acetone solution at  rt produced mixtures of 7 
and 9 and unreacted 6. The reaction of 6 with 2 or more molar 
equiv of DMD in acetone solution at  rt for 24 h produces only 
9. The solvent was removed under reduced pressure giving a 
colorless, viscous oil: 3@)-MHz 'H NMR (CDC13) 6 1.18 (s,3 H), 
1.22 (s, 3 H), 1.32 (8,  3 H), 1.48 (8, 3 H), 6.07 (d, J = 10.48 Hz, 
1 H), 6.82 (d, J = 10.48 Hz, 1 H); HR-EIMS calcd for Cl,,HlrOz 
166.0893; found 166.0891. 
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masthead page. 
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