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The alkylation of enolates generated by alkali metal in
ammonia reduction of aromatic carboxylic acid derivatives
is well-known,! but the oxidation of these enolates to give
6-hydroxy-1,4-cyclohexadienes has not been reported. The
sensitivity of 6-hydroxy-1,4-cyclohexadienes to bis allylic
oxidation? or dehydration to the starting aromatic com-
pound places unusually demanding restrictions on the
reactivity of the oxidant. (Camphorsulfonyl)oxaziridines
have been used for the asymmetric oxidation of ketone,
ester, and amide enolates.? Asymmetric oxidations of
chiral imide* and amide“> enolates with oxaziridines® also
have been reported. In this note we describe procedures
for performing the asymmetric oxidation of achiral and
chiral enolates prepared from o-anisic acid derivatives.

Results and Discussion

Methyl 2-methoxybenzoate (1) was reduced with lithium
in NH;~THF solution in the presence of t-BuOH (1 equiv).
Piperylene was added to consume the excess lithium, and
then 2 equiv of a solution of (+)-(2R,8aS)-(camphor-
sulfonyl)oxaziridine ((+)-CSO)¢ in DME was added to the
enolate at -78 °C. After 5 min, excess NH,Cl was added,
and the reaction mixture was quickly submitted to workup
by extraction and flash column chromatography on silica
gel. These experimental conditions consistently provided
6-hydroxy-1,4-cyclohexadiene 2 in 50-60% isolated yields
with 30% ee. Significant deviation from this protocol
resulted in recovery of 1, presumably by dehydration of
2 or elimination from a reaction intermediate.
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We were curious to see what would be the stereoselec-
tivity of enolate oxidation in an ammonia-free environ-
ment.” Birch reduction of 1 as previously described,
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followed by removal of ammonia and oxidation of the
enolate with (+)-CSO at —78 °C, also provided 2 in 50-60%
yield, but with only 5% ee.

Other methods of enolate oxidation were examined.
Deprotonation of dihydrobenzoate 3! with potassium
bis(trimethylsilyl)amide at —78 °C, followed by oxidation
with m-chloroperoxybenzoic acid provided racemic 2 in
30% vield, along with recovered starting material. Oxi-
dation of the enolate with molecular oxygen gave rac-2
(8%) and the hydroperoxide 4.8 Hydroperoxide 4 proved
to be stable to silica gel chromatography and was isolated
in 32% yield. Reduction of 4 with potassium iodide in
MeOH~H,0 provided rac-2 in 94% yield.
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The poor enantioselectivity observed for formation of
2% is consistent with literature reports of oxidations of
achiral tetrasubstituted enolates with chiral oxaziridines.3
Significantly enhanced diastereoselectivities have been
obtained from oxidations of chiral amide enolates with
chiral oxaziridines (double asymmetric induction).3¢

Birch reduction of chiral benzamide 5a,!° followed by
oxidation of the resulting enolate 6 with (+)-CSO, provides
dienol 7 with 86% de, but in only 16% isolated yield. The
major byproduct of the enolate oxidation is recovered 5a
(47%). Removal of the ammonia prior to oxidation of the
enolate generated from 5a with (+)-CSO results in little
change in reaction diastereoselectivity (85% de) but does
afford a significantly enhanced yield of 7 (67%; 80% based
on starting material consumed). Perhaps the best method
for generation of 7 (93% de, 47% isolated yield; 73% based
on recovered 5a and 5b) involves deprotonation of 5b7 with
KH in THF at ambient temperature followed by oxidation
with (+)-CSO at -78 °C.

The absence of a significant effect of ammonia on the
stereoselectivity of enolate oxidation is remarkable in light
of previously reported alkylation studies. It has been
shown that removal of ammonia from solutions of the

enolate 6 prior to alkylation resulted in complete inversion
of the facial selectivity.?
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Davis and co-workers have reported that oxidations of
the lithium enolate of amide 9 with (+)- or (-)-CSO gave
(S)-10 with 88-91% de.’c These observations suggested
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that “the resident chirality of the enolate controls the sense
of stereoselection™.®* We were, therefore, surprised to find
that oxidation of the enolate derived from 5 with racemic
CSO or racemic 2-(phenylsulfonyl)-3-phenyloxaziridine
afforded 7 with only 17% de, suggesting that (-)-CSO
would provide a substantial inversion in the sense of ste-
reoselection. In fact, oxidation of enolate 6 with (-)-CSO
in the presence of NH; gave 8 with 33% de. Unfortu-
nately, 8 could be obtained in only 11% yield (69% re-
covered 5a). In contrast to the results with (+)-CSO,
removal of the NH, prior to addition of (-)-CSO resulted
in an inversion of stereoselection to give 7 (23% de, 25%
isolated yield with 57% recovered 5a).

The absolute configuration of 7 was determined by
chemical interconversions as shown in Scheme II. Hy-
drogenation of 7 with the homogeneous hydrogenation
catalyst [Ir(cod)py(PCy,)]PF; in CH,CL,'2 gave enol ether
11 in 80% yield; hydrolysis of 11 gave 12 in 84% isolated
yield. This material was then compared to 12 prepared
by another route. Epoxy alcoho! 13!% was reacted with
sodium phenylselenide to give diol 14 (84%). Hydrogen-
olysis of 14 with Raney nickel gave 15 (92%) and Swern
oxidation of 15 gave a hydroxy ketone identical in all re-
spects to 12 prepared from 5a or 5b.

It should be noted that hydroxy ketone 12, diols 14 and
15, and related materials are expected to have interesting
utility in asymmetric synthesis. Furthermore, bis-allylic
oxidation of 2 with tert-butyl hydroperoxide and pyridi-
nium dichromate® gave 4-hydroxy-2,5-cyclohexadien-1-one
16 in 77% vield.* Asymmetric oxidation of enolates such
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Notes

as 6 coupled with bis-allylic oxidation may be useful for
asymmetric syntheses of the neolignans containing the
4-oxa-2,5-cyclohexadien-1-one ring system such as futo-
quinol’®® and kadsurenone.!%<

Experimental Section

General Procedures. 'H NMR spectra were recorded at 200
MHz with tetramethylsilane as internal standard. Analytical TLC
was performed on silica gel F-254 plates. Tetrahydrofuran (THF)
was distilled under nitrogen from sodium/benzophenone. tert-
Butyl alcohol was distilled under nitrogen from CaH,. Potassium
bis(trimethylsilyl)amide was purchased as a 0.5 M solution in
toluene. Sodium bis(trimethylsilyl)amide was purchased as a 1.0
M solution in toluene. All other solvents and reagents were of
reagent-grade quality and were utilized without further purifi-
cation. Solutions were concentrated by a Buchi rotary evaporator.
Residual solvent was removed by a mechanical vacuum pump.
Diastereomer ratios were determined by analytical HPLC tech-
niques on a Waters Associates 6000A instrument equipped with
a R401 differential refractometer and Hewlett Packard Model
3394 integrator using a 25-cm Daicel OD chiral column.

6-Carbomethoxy-1-methoxy-1,4-cyclohexadien-6-o0l (2).
Method A. A stirred solution of 1 (2.0 g, 12 mmol) and tert-butyl
alcohol (0.90 g, 12 mmol) in THF (20 mL) was cooled to -78 °C,
and then ammonia (40 mL) was added. Lithium metal (252 mg,
36.0 mmol) was added, and the mixture was stirred for 15 min.
Piperylene was added until the blue coloration disappeared.
(+)-(2R,8a8)-(Camphorsulfonyl)oxaziridine® (5.0 g, 22 mmol) in
DME (100 mL) was poured quickly into the stirred solution. After
stirring for 5 min, excess solid ammonium chloride was added and
the mixture was allowed to warm to room temperature. The
solution was decanted, the residue was washed with methylene
chloride, and the combined organic phases were concentrated at
reduced pressure. Ether (100 mL) was added, and the solution
was filtered. The filtrate was washed with water and brine and
then dried over magnesium sulfate. Concentration at reduced
pressure and flash chromatography (silica gel, ethyl acetate/
hexane, 1:3) afforded 2 as an oil which slowly crystallized (1.28
g, 58%): mp 71-74 °C; [a]*p —14.5° (¢ 7.54, CHCly); 'H NMR
(CDCly) 6 2.88-2.98 (m, 2 H), 3.60 (s, 3 H), 3.78 (s, 3 H), 3.91 (s,
exchangeable with D,0, 1 H), 5.01 (t, J = 3.6 Hz, 1 H), 5.65 (dt,
J =98 Hz, J = 2.1 Hz, 1 H), 6.12 (ddt, J = 9.8 Hz, J = 3.4 Hz,
J = 1.1 Hz, 1 H); IR (CH,Cl,) 3500, 3040, 3020, 2940, 2820, 2800,
1750, 1680, 1640 cm™’; CIMS m/z (relative intensity) 167 (M* +
1 - H,0, 100).

Anal. Caled for CoH;,0: C, 58.69; H, 6.57. Found: C, 58.78;
H, 6.75.

Chiral shift studies with 20% tris[3-(heptafluoropropyl-
hydroxymethylene)-(+)-camphorato]europium(IIl) indicated that
2 was obtained with 30% ee.

Method B. A stirred solution of 37 (1 g, 6 mmol) in THF (20
mL) was cooled to -78 °C, and sodium bis(trimethylsilyl)amide
(1.1 mL, 6.0 mmol) was added. A stream of oxygen was passed
into the reaction mixture for 2 min. Excess solid ammonium
chloride was added, and the mixture was allowed to warm to room
temperature. Water (20 mL) and methylene chloride (50 mL)
were added. The organic phase was washed with brine and dried
over magnesium sulfate. Concentration at reduced pressure and
flash chromatogrpahy (silica gel, ethyl acetate/hexane, 1:1) af-
forded 2 (82 mg, 8%) and 6-carbomethoxy-6-hydroperoxy-1-
methoxy-1,4-cyclohexadiene (4), a colorless oil (386 mg, 32%):
H NMR (CDCl,) é 2.9-3.0 (m, 2 H), 3.63 (s, 3 H), 3.81 (s, 3 H),
5.19 (t, J = 3.6 Hz, 1 H), 5.97 (dt, J = 9.8 Hz, J = 2 Hz, 1 H),
6.27 (dt, J = 9.8 Hz, J = 3.4 Hz, 1 H), 9.15 (s, exchangeable with
D,0, 1 H); IR (film) 8420, 3010, 2960, 1730, 1650 cm™; CIMS m/z
(relative intensity) 201 (M* + 1, 7), 183 (3), 167 (100).

(14) Photorearrangements of enantiomerically enriched derivatives of
16 have been described; see: Schultz, A. G.; Harrington, R. E. J. Org.
Chem. 1991, 56, 6391.

(15) (a) Matsui, K.; Munakata, K. Tetrahedron Lett. 1976, 4371. (b)
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T. Y. Phytochemistry 1985, 24, 2079. (c) Ponpipom, M. M.; Yue, B. Z.;
Bugianesi, R. L.; Brooker, D. R.; Chang, M. N.; Shen, T. Y. Tetrahedron
Lett. 1986, 27, 309.



Notes

A mixture of 4 (0.2 g, 1.0 mmol), potassium iodide (250 mz,
1.20 mmol), and water (5 mL) in methanol (10 mL) was stirred
at room temperature for 15 min. The methanol was removed at
reduced pressure, and ether (50 mL) was added. Water (10 mL)
and then sodium thiosulfate were added to the stirred mixture
until a colorless solution was obtained. The organic phase was
washed with water and brine and then dried over magnesium
sulfate. Concentration at reduced pressure provided 2 as a
colorless solid (173 mg, 94%).

Method C. A stirred solution of 3 (0.1 g, 0.6 mmol) in THF
(10 mL) was cooled to 78 °C, and then potassium bis(tri-
methylsilyl)amide (120 mL, 0.60 mmol) was added. After stirring
at =78 °C for 5 min, solid m-chloroperoxybenzoic acid (155 mg,
0.90 mmol) was added. After 0.5 h, excess solid ammonium
chloride was added, and the mixture was allowed to warm to room
temperature, after which water (5 mL) and methylene chloride
(20 mL) were added. The organic phase was washed with satu-
rated sodium bicarbonate and dried over magnesium sulfate.
Concentration at reduced pressure and flash chromatography
(silica gel, ethyl acetate/hexane, 1:3) afforded 2 (33 mg, 30%).

(2'S)-3-[[2’-(Methoxymethyl)pyrrolidinyl]Jcarbonyl]-3-
hydroxy-2-methoxy-1,4-cyclohexadiene (7). Method D. Diene
5b7 (200 mg, 0.8 mmol) in THF (2 mL) was added at room tem-
perature to a stirred suspension of KH (64 mg, 1.6 mmol) in THF
(10 mL). After 1 h the mixture was cooled to -78 °C, (+)-CSO
(367 mg, 1.60 mmol) was added, and the reaction stirred for 30
min and was quenched with pH 7.0 phosphate buffer. The
mixture was diluted with water (5 mL) and washed with CH,Cl,
(3 X 10 mL), and the combined organic phase was washed with
brine, dried (Na,SO,), and concentrated. A mixture of ether/
hexane (1:1; 3 mL) was added to the residue, and the resulting
precipitate (recovered imine) was filtered. Flash chromatography
(ethyl acetate/hexane, 1:2) of the filtrate afforded a mixture of
7 and 8 as a colorless oil (100 mg, 47%; 27:1 mixture of 7 and 8):
'H NMR (CDCly) 4 1.7-2.1 (m, 4 H), 2.81 (m, 1 H), 3.08 (m, 1 H),
3.34 (s, 3 H), 3.59 (s, 3 H), 3.18-3.70 (m, 4 H), 4.28-4.45 (m, 1 H),
5.01-5.08 (m, 1 H), 5.56 (dt, J = 9.8 Hz, J = 2 Hz, 1 H), 5.63 (s,
exchangeable with D,0, 1 H), 6.05-6.20 (m, 1 H); IR (film) 3340,
2930, 2880, 2830, 1625 cm™'; CIMS m/z (relative intensity) 268
(M* + 1, 46), 250 (100).

Anal. Caled for C, H;NOg C, 62.90; H, 7.92. Found: C, 62.76;
H, 7.79.

Method E. A stirred solution of 5a (150 mg, 0.60 mmol) and
t-BuOH (44 mg, 0.60 mmol) in THF (10 mL) was cooled to —78
°C, and then ammonia (40 mL) was added. Potassium metal (48
mg, 1.2 mmol) was added, and the mixture was stirred for 30 min.
(+)-CSO (276 mg, 1.21 mmol) in DME (5 mL) was poured quickly
into the stirred solution. After stirring for 5 min, excess solid
ammonium chloride was added, and the mixture was allowed to
warm to room temperature. Water was added, the mixture was
extracted with CH,Cl, (5 X 10 mL), and the combined organic
phases were washed with brine, dried (Na,SO,), and concentrated.
A mixture of ether/hexane (1:1; 3 mL) was added to the residue,
and the resulting precipitate was filtered. This was repeated until
a white precipitate failed to appear. Flash chromatography (ethyl
acetate/hexane, 1:3) afforded a mixture of 7 and 8 as a colorless
oil (26 mg, 16%; 13:1 mixture of 7 and 8) and 5a (70 mg, 47%).
Oxidation of 6 according to this procedure with (-)-CSO afforded
a mixture of 8 and 7 (11%; 2:1 mixture of 8 and 7) and 5a (69%).

Method F. A stirred solution of 5a (150 mg, 0.60 mmol) and
t-BuOH (44 mg, 0.60 mmol) in THF (10 mL) was cooled to -78
°C, and then ammonia (40 mL) was added. Potassium metal (48
mg, 1.2 mmol) was added, and the mixture was stirred for 30 min.
Piperylene was added until the blue coloration disappeared, and
the mixture was then warmed to room temperature to allow the
ammonia to evaporate. The mixture was cooled to —78 °C, and
(+)-CSO (276 mg, 1.21 mmol) in DME (5 mL) was poured quickly
into the stirred solution. After stirring for 5 min, excess solid
ammonium chloride was added and the mixture was allowed to
warm to room temperature. Water was added, the mixture was
extracted with CH,Cl, (5 X 10 mL), and the combined organic
phases were washed with brine, dried (Na,SO,), and concentrated.
A mixture of ether/hexane (1:1; 3 mL) was added to the residue,
and the resulting precipitate was filtered. This was repeated until
a white precipitate failed to appear. Flash chromatography (ethyl
acetate/hexane, 1:3) afforded a mixture of 7 and 8 as a colorless
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oil (91 mg, 57%; 12:1 mixture of 7 and 8) and 5a (44 mg, 29%).
Oxidation of 6 according to this procedure with (-)-CSO afforded
a mixture of 7 and 8 (25%; 1.6:1 mixture of 7 and 8) and 5a (57%).

(2'S)-1-{[2’-(Methoxymethyl)pyrrolidinylJcarbonyl]-1-
hydroxy-2-methoxycyclohex-2-ene (11). A solution of 7 (100
mg, 0.37 mmol) and [Ir(cod)pyPCys]PFs (15.0 mg, 0.02 mmol)
was stirred under H, (1 atm) for 12 h. The reaction mixture was
concentrated at reduced pressure, ether was added, and the so-
lution was decanted. Concentration at reduced pressure and flash
chromatography (silica gel, ethyl acetate/hexane, 1:1) afforded
11 as a colorless oil (80 mg, 80%): 'H NMR (CDCl,) é 1.65-2.38
(m, 10 H), 3.15-3.32 (m, 1 H), 3.35 (s, 3 H), 3.53 (s, 3 H), 3.35-3.60
(m, 2 H), 3.61 (dd, J = 9.5 Hz, J = 3.1 Hz, 1 H), 4.22-4.40 (m,
1 H), 4.90-4.98 (m, 1 H), 5.07 (s, exchangeable with D,0, 1 H);
IR (film) 3360, 2935, 2830, 1620 cm™; CIMS m/z (relative in-
tensity) 270 (M* + 1, 100), 252 (6).

Anal. Caled for C, HuyNO,: C, 62.43; H, 8.61. Found: C, 62.04;
H, 8.41.

(29,28 )-2-[[2’-(Methoxymethyl)pyrrolidinyl]-
carbonyl]-2-hydroxycyclohexan-1-one (12). A solution of 11
(0.04 g, 0.15 mmol) and 10% hydrochloric acid (1 mL) in methanol
(5 mL) was stirred at room temperature for 2 h. The mixture
was concentrated at reduced pressure, and the residue was par-
titioned with methylene chloride (10 mL) and water (5 mL). The
organic phase was washed with saturated sodium bicarbonate and
water and then dried over magnesium sulfate. Concentration at
reduced pressure and flash chromatography (silica gel, ethyl
acetate/hexane, 1:2) afforded 12 as a colorless oil (32 mg, 84%):
'H NMR (CDCl,) é 1.45-2.2 (m, 9 H), 2.56-2.75 (m, 2 H), 2.85-3.01
(m, 1 H), 3.36 (s, 3 H), 3.3-3.8 (m, 4 H), 4.18-4.35 (m, 1 H), 4.56
(8, exchangeable with D,0, 1 H); IR (CDCl;) 3420, 2930, 2860,
1710, 1620 cm™; CIMS m/z (relative intensity) 256 (M* + 1, 100).

Anal. Calcd for C;sHy;NO,: C, 61.16; H, 8.29. Found: C, 61.21;
H, 8.35.

(15,28,2’S,6R)-1-[[2’-(Methoxymethyl)pyrrolidinyl]-
carbonyl]-2-hydroxy-6-(phenylseleno)cyclohexan-1-ol (14).
Sodium borohydride (0.068 g, 1.8 mmol) was added to diphenyl
diselenide (0.29 g, 0.93 mmol) in absolute ethanol (5 mL). After
the exothermic reaction had subsided, epoxide 13! (0.20 g, 0.80
mmol) was added and the mixture was refluxed for 1 h. The
reaction mixture was cooled to room temperature, ethanol was
evaporated, and the residue was partitioned between methylene
chloride and water. The organic phase was separated, washed
with brine, and dried (Na,SO,). Flash chromatography (ethyl
acetate/hexanes, 1:1) gave 14 as a colorless oil which solidified
upon exposure to vacuum (0.272 g, 84%). This material was
recrystallized in 74% yield (ethyl acetate/hexanes) to give colorless
needles: mp 115-118 °C; 'H NMR (DMSO-dg) 4 1.26 (m, 1 H),
1.70 (m, 8 H), 2.06 (m, 2 H), 3.17 (m, 2 H), 3.23 (s, 3 H), 3.58 (dd,
J = 8.79 Hz, J = 3.30 Hz, 1 H), 3.70 (m, 1 H), 4.21 (m, 2 H), 5.15
(d, J = 3.01 Hz, exchangeable with D,0, 1 H), 5.55 (s, exchangeable
with D,0, 1 H), 7.27 (m, 3 H), 7.52 (m, 2 H); IR (CH,Cl,) 3350,
2900, 1600, 1400, 700 cm™; EIMS m/e (relative intensity) 418 (M*,
24), 368 (20), 256 (100), 157 (95).

Anal. Caled for C,iHy,yNO,Se: C, 55.34; H, 6.60. Found: C,
55.30; H, 6.54.

(15,28,2'S)-1-[[2’-(Methoxymethyl)pyrrolidinyl]-
carbonyl]-2-hydroxycyclohexan-1-0l (15). Selenide 14 (0.598
g, 1.45 mmol) was stirred with activated Raney nickel (4.35 g)
in THF (50 mL) at room temperature for 4 h. The mixture was
filtered [Caution: activated Raney nickel is pyrophoric}, and the
solid was rinsed with ethanol. Flash chromatography (ethyl
acetate) gave 15 as a colorless oil (0.345 g, 92%): 'H NMR
(DMSO0-d) 6 1.2-2.0 (m, 12 H), 3.18 (m, 1 H), 3.23 (s, 3 H), 3.45
(dd, J = 9.07 Hz, J = 3.09 Hz, 1 H), 3.57 (m, 1 H), 3.71 (m, 1 H),
3.90 (m, 1 H), 4.10 (m, 1 H), 5.00 (s, 1 H), 5.25 (s, 1 H); IR (CH,Cl,)
3380, 2900, 1580, 1400 cm™; CIMS m/z (relative intensity) 258
(M* + 1, 100), 212 (4).

An acceptable elemental analysis could not be obtained.

(28,2'S)-2-[[2’-(Methoxymethyl)pyrrolidinyl]-
carbonyl]-2-hydroxycyclohexan-1-one (12): Confirmation
of the Structure of 12 Obtained from 5a. Methylene chloride
(5 mL) and oxalyl chloride (0.184 g, 1.45 mmol) were cooled to
—60 °C, and then dimethy! sulfoxide (0.330 g, 4.22 mmol) dissolved
in methylene chloride (1 mL) was added. The mixture was stirred
for 2 min, and then 15 (0.124 g, 0.482 mmol) in methylene chloride
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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
(ethy] acetate/hexanes, 1:1) afforded ketone 12 as a colorless oil
(0.1g,82%): 'H NMR (CDCly) é 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 (s, 1 H); IR (CH,Cl,) 3420, 2930, 2860, 1710, 1620;
CIMS, m/z (relative intensity) 256 (M* + 1, 100).

Anal. Caled for C3Hy;NO,: 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 mL), filtered through Celite,
and concentrated at reduced pressure. Flash chromatography
(silica gel, ethyl acetate/hexane, 1:1) and crystallization (ethyl
acetate/hexane, 1:10) provided 16 as colorless crystals (83 mg,
77%): mp 124-125 °C; 'H NMR (CDCl,) 4 3.78 (s, 3 H), 3.82 (s,
3 H), 4.15 (s, exchangeable with D,0, 1 H), 5.62 (d, J = 1.4 Hz,
1H),6.28 (dd,J = 9.9 Hz, J = 1.5 Hz, 1 H), 6.50 (d, J = 9.9 Hz,
1 H); [«]%) -18.2° (¢ 1.04, CHCly); IR (CHCly) 3200, 3050, 2950,
1760, 1665, 1625, 1600 cm™; UV (MeOH) A, (¢) 285 (3406), 234
(6744); CIMS m/z (relative intensity) 199 (M* + 1, 100).

Anal, Caled for CgHmO5 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 1:1 mixture of er-
ythro- and threo-8,8-dimethyl-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 epoxides? has
helped to clarify the mechanism of the air oxidation of 1
and has prompted us to report our observations.

Results

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 24:25:32:19 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.

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 & 1.33 and 1.21 in 2 and 3, and at much lower field
at & 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 constants between the 8 and é 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 26:30:28:16 ratio
which is considered to be within experimental error the
same as that formed in the air oxidation of 1.
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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 29:71 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.
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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.® The similarity of
the product ratios derived from the air oxidation and the
reaction of 1 with DMD supports this view. The formation
of the four products indicates that both allene chromo-

(3) Sternhall, S. Rev. 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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