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Table I
Hydrolysis and Catalytic Reduction of Benzyloxy Esters
Catalytic '

Esters Hydrolysis reduction Product % yield
PhCO,CH,0CH,Ph aq HC1~THF PhCO,H 98
PhCO,CH,0OCH,Ph 5% Pd/C-H, PhCO,H 100
CSH“COZCHzOCHth aq HCI-THF CSH“COZH 75
C;H,;CO,CH,0CH,Ph 5% Pd/C-H, C,H;,CO,H 69

5% sodium bicarbonate solution (500 ml) and water (500 ml) and
dried over anhydrous magnesium sulfate. Filtration and concen-
tration of the organic phase on a rotary evaporator yielded an oil.
Distillation of the oil afforded 17.2 g (73%) of benzyloxymethyl
hexanoate: bp 101-104° (0.08 mm); ir (neat) ester band at 1750
cm~!; NMR (CCly) 6 7.44 (s, 5 H), 5.4 (s, 2 H), 4.71 (s, 2 H), 2.25 (t
2 H), 1.1-2 (m, 6 H) and 0.9 (t, 3 H).

Anal. Caled for C14HooQO4q: C, 71.16; H, 8.53. Found: C, 71.31; H,
8.41.

Benzyloxymethyl Benzoate (IV). Sodium benzoate (18.7 g,
0.13 mol), benzyl chloromethyl ether (20.2 g, 0.13 mol), and hex-
amethylphosphoramide (75 ml) were stirred at room temperature
for 48 hr and the reaction mixture was worked up by the above
procedure. Distillation afforded 21.2 g (68%) of benzyloxymethyl
benzoate: bp 122-124° (0.06 mm); ir (neat) ester band at 1725
em~!; NMR (CClLy) 8 4. 74 (s, 2 H), 5.67 (s, 2 H), 8.02-8.22 (m, 2 H),
7.20-7.50 (m) and 7.30 (s) [(m) + (s), 8 H].

Anal. Caled for 015H1403 C, 74.36; H, 5.82. Found: C, 74.52; H,
5.89.

Ester Hydrolysis. Benzoic Acid VI. Benzyloxymethyl! benzo-
ate (IV, 1.0 g, 0.0041 mol) was dissolved in an aqueous HCI-THF
solution (8 ml of concentrated HCl, 6 ml of H20, and 36 ml of
THF) and the resulting solution was stirred at room temperature
for 2 hr. The reaction solution was poured into 100 ml of HyO and
extracted with 2 X 100 ml of ether. The ether extracts were com-
bined and extracted with 3 X 25 ml of 10% NaHCO3, The aqueous
basic layers were combined and washed with 75 ml of ether and
then acidified carefully with concentrated HCl. The acidic layer
was then extracted with 3 X 75 ml of CHCls and the chloroform
extracts were combined and dried over anhydrous magnesium sul-
fate. Filtration and removal of the solvent on a rotary evaporator
afforded 490 mg (98%) of benzoic acid, mp 121-122° (lit.> mp
122.4°). The NMR and ir spectra of benzoic acid were 1dent1cal
with those of an authentic sample.

Hexanoic Acid V. Benzyloxymethyl hexanoate (III, 3.0 g,
0.0126 mol) was dissolved in an aqueous HCI-THF solution (6 ml
of H20, 8 ml of concentrated HCI, and 51 ml of THF), the result-
ing solution was stirred at room temperature for 2 hr, and the reac-
tion mixture was worked up by the above procedure. The organic
solvent was removed by distillation at 1 atm and the resulting oil
was then distilled under vacuum to afford 1.1 g (75%) of hexanoic
acid, bp 115-123° (40 mm) [lit® bp 107° (15 mm)]. The NMR and
ir spectra of hexanoic acid were identical with those of an authen-
tic sample.

Catalytic Reduction. Benzoic Acid VI. To a solution of ben-
zyloxymethyl benzoate (1.0 g, 0.0041 mol) in absolute ethanol (15
ml) was added 5% Pd/C (400 mg) and the resulting mixture was re-
duced with Hs at 1 atm at room temperature. After a hydrogen up-
take of 97.6 ml, the reaction mixture was filtered through Celite
545 and the Celite was washed with additional ethanol. The organ-
ic filtrate was dried over anhydrous magnesium sulfate; filtration
followed by removal of the solvent afforded 500 mg (100%) of ben-
zoic acid, mp 121.6-122.3° (lit.5 mp 122.4°). The NMR and ir spec-
tra of benzoic acid were identical with those of an authentic sam-
ple.

Catalytic Reduction. Hexanoic Acid V. To a solution of ben-
zyloxymethyl hexanoate (III, 3.0 g, 0.0126 mol) in absolute ethanol
(20 ml) was added 400 mg of 5% Pd/C, the resulting mixture was
reduced at 1 atm at room temperature, and the reaction mixture
was worked up by the above procedure. The organic solvent was
removed by distillation at 1 atm. The oil residue was dissolved in
10% NaHCO;z (50 ml) and extracted with 100 ml of ether. The
ether phase was extracted with 35 ml of 10% NaHCO; and the
basic layers were combined and carefully acidified with concen-
trated HCL. The acidified mixture was extracted with 3 X 150 ml of
chloroform. The chloroform extracts were combined and dried

over anhydrous magnesium sulfate. Filtration and removal of the
solvent at 1 atm afforded an oil, Vacuum distillation of the oil af-
forded 1.0 g (69%) of hexanoic acid, bp 115-118° [lit.? bp 107° (15
mm)]. The NMR and ir spectra of hexanoic acid were identical
with those of an authentic sample.

Registry No.—I, 10051-44-2; II, 532-32-1; III, 55887-43-9; IV,
55887.44-0; V, 142-62-1; VI, 65-85-0; benzyl chloromethyl ether,
35687-60-8.
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In connection with our interest in the use of a-methy-
leneoxetane! in nucleophilic ring-opening reactions, e.g., in
the Robinson annelation, we have investigated the possibil-
ity of alkylating enolates or imine salts with oxetane (tri-
methylene oxide). For comparison, we have also studied
the analogous reactions with an epoxide, propylene oxide.
Ring-opening reactions of oxetanes with Grignard,®* or-
ganolithium,?® and organoaluminum® reagents are known,
but few reactions with C-functional nucleophiles are re-
ported.” Many nucleophilic ring-opening reactions of epox-
ides are reported, including reactions with imine salts and
with enolates of 8-dicarbonyl compounds.?¢d:6-10

We have been able to alkylate enolates of cyclohexanone
with propylene oxide, but not with oxetane. However, we
have found that the imine salt'! of cyclohexanone is alkyl-
ated by both oxetane and propylene oxide in good yields.

When propylene oxide was treated with the lithium or
bromomagnesium enolates of cyclohexanone,'? the alkyl-
ated product 2951014 was formed in low to moderate yields.
However, when oxetane was treated with these enolates!2
under a variety of conditions, none of the expected alkyla-

"tion products, 419 or 5,15:16 was detected.!”

The reaction of oxetane with the bromomagnesium salt
of the imine (8) of cyclohexanone, followed by acetic acid
hydrolysis,!!® gave the hemiketal 4 in 80% isolated yield. A
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similar reaction with the lithium salt of 3 gave a 38% yield
by VPC.18 The corresponding reactions of propylene oxide
with the bromomagnesium and lithium imine salts pro-
duced keto alcohol 2 in 75% (isolated) and 43% (VPC)
yields, respectively.

Harvey and Tarbell have reported the reaction of propyl-
ene oxide with the bromomagnesium salt of 3 followed by
hydrochloric acid hydrolysis, giving 2 in only 36% yield.10
In our initial studies of the reactions of oxetane with imine
salts of 3, we employed the hydrochloric acid hydrolysis
procedure and obtained quite low (~20%) yields. The mild-
er acetic acid hydrolysis method!1e is clearly superior.

Nucleophilic ring-opening reactions of both oxetanes and
epoxides are known to be greatly facilitated by coordina-
tion of the oxygen atom with Lewis acids.1920 In the reac-
tions reported here, lithium and magnesium may facilitate
the ring openings by acting as Lewis acids.?? Although al-
kylations of oxetanes (and epoxides) with simple ketone
enolates appear to have little synthetic value, alkylations
with the more nucleophilic imine salts clearly have poten-
tial synthetic utility.

Experimental Section

Oxetane (Aldrich) and propylene oxide (Eastman) were used as
received. Tetrahydrofuran (THF) was distilied from a deep purple
solution prepared from sodium and benzophenone. 1,2-Dime-
thoxyethane (glyme) was distilled from lithium aluminum hydride.
Petroleum ether was washed with sulfuric acid, dried (K2COs), and
distilled; the fraction of bp 38-41.5° was used. Methyllithium and
butyllithium were obtained from Alfa Inorganics.

All reactions were carried out under a nitrogen atmosphere.
Melting points were determined on a Fisher-Johns hot stage melt-
ing point apparatus. Infrared (ir) spectra were obtained using a
Perkin-Elmer Model 137 spectrometer. Nuclear magnetic reso-
nance (NMR) spectra were obtained using a Varian T-60 spec-
trometer, using tetramethylsilane as the internal reference. Vapor
phase chromatographic (VPC) analyses were performed on a Var-
ian Aerograph Model 90-P instrument.??

Purification of Authentic Samples of Hemiketal 4 and Enol
Ether 5. Following the procedure of Borowitz,!® hemiketal 4 was
obtained as a colorless oil which crystallized on standing: ir (CCly)
2.79, 2.95, 3.39, 3.50, 5.88 (very weak), 6.94, 9.28, 10.57 u; NMR
(CCly) 6 1.0-2.4 (broad, 13.8 H), 3.3-4.3 (broad, 2 H); 2,4-dinitro-
phenylhydrazone (from ethanol) mp 127.5-128.5° (lit.'%¢ mp 126~
128°). Portions of the product were recrystallized from pentane
(yielding white crystals, mp 67-69°) and from aqueous ethanol
(vielding white crystals, mp 75-78°). VPC analysis (145°)%%
showed two peaks at 1.2 and 2.2 min in a ratio of 1:4.1® The two
components were separated by preparative VPC. The first, which
on reinjection showed only one peak at 1.2 min, was identified as
the enol ether 5: ir (film) 5.91, 8.08, 8.69 u; the NMR spectrum was
identical with that reported.!6b-¢ The second component was iden-
tified as hemiketal 4 (contaminated with a little 5) by its ir and
NMR spectra; on reinjection in the VPC, it showed two peaks at
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1.28 and 2.2 min, indicating partial dehydration to the enol ether
5.!

Propylene Oxide with Enolates of Cyclohexanone. A. Lithi-
um Enolate. To a stirred solution of 30 ml (48 mmol) of methylli-
thium (1.6 M in ether) in 50 ml of glyme was added a solution of
6.22 g (36.5 mmol) of the silyl enol ether 124 in 50 ml of glyme over
a period of 1 hr.1%2 After 5 min, 5 ml (4.3 g, 74 mmol) of propylene
oxide was added, and the resulting solution was stirred at room
temperature for 48 hr. The reaction mixture was poured into satu-
rated NaHCOj3; and extracted with three 100-ml portions of ether,
and the combined extracts were washed with water, dried
(NagS04, MgSO0y), concentrated, and distilled, yielding 1.716 g
(30%) of 2 as a colorless liquid: bp 70-75° (0.2 mm) [lit.}° bp 73-
75° (0.2 mm)]; 2,4-dinitrophenylhydrazone (from ethanol) mp
106-109° (1it.®> mp 105-108°). VPC analysis (105°)232 of 2 showed
one major peak (93% pure) at a retention time of 1.7 min. The ir
and NMR spectra of 2 were essentially identical with those of an
auth%ntic sample of 2 prepared by the method of Harvey and Tar-
bell.!

VPC analysis?®® of the product of a similar reaction employing
decane as an internal standard indicated that a 40% yield of 2 was
formed after 48 hr at room temperature.25

B. Bromomagnesium Enolate. The bromomagnesium enolate
was prepared by treating the silyl enol ether 12¢ with methylmag-
nesium bromide in refluxing glyme-HMPA (20:1 v/v) for 55 hr.122
Treatment of propylene oxide with this enolate {(room tempera-
ture, 6 hr) in the presence of decane (internal standard) gave a 19%
yield of 2 by VPC 23025

Oxetane with Imine Salts of Cyclohexanone. A solution of
10.87 g (60.7 mmol) of the imine 326 in 40 ml of THF was added to
35 ml (70 mmol) of ethylmagnesium bromide (about 2 M in THF)
heated at reflux. After 2 hr, the solution was cooled to 0°, and 5.5
ml (4.9 g, 84.7 mmol) of oxetane was added. The resulting yellow
solution was stirred at 25° for 19 hr, then partitioned between
ether and brine. The layers were separated and the brine layer was
reextracted twice with ether. The combined ether layers were
dried (NasS0y4) and concentrated, then stirred with 80 ml of petro-
leum ether and 100 ml of 1 M acetic acid for 2 hr at room temper-
ature.’1® Sodium chloride was added to saturate the aqueous layer,
the layers were separated, and the aqueous layer was reextracted
twice with ether. The combined organic layers were washed with
saturated NaHCO; and brine, and were dried (NaxS04, MgS0,)
and concentrated, yielding 9.5 g of brown oil which crystallized.
The solid was separated and washed with petroleum ether, produc-
ing 5.57 g of white crystals, mp 74-76°. The combined mother li-
quor and washing liquid were concentrated, giving oil and crystals.
The crystals were distilled (bulb to bulb, oven temperature 110°,
oil pump vacuum) giving 1.13 g of white crystals, mp 67-70°; the
oil was similarly distilled, giving 0.90 g of white, crystalline solid,
mp 61-66° (total yield 80%). The ir spectra of all three fractions
were identical with each other and with that of the authentic sam-
ple of hemiketal 4 (above). The NMR spectra were equivalent to
that of 4.

VPC analysis23b of the product of a similar reaction employing
dodecane as an internal standard indicated that an 88% yield of
enol ether 518 was formed after 18 hr at 25°,25

VPC analysis?® of the product of the reaction of oxetane with
the lithium salt of 3 (from 3 and rn-butyllithium at 0°) employing
dodecane as an internal standard indicated that a 38% yield of enol
ether 58 was formed after 18 hr at 25°.%

Propylene Oxide with Imine Salts of Cyclohexanone. A so-
lution of 10.986 g (61.3 mmol) of the imine 32 in 40 m! of THF was
added to 35 ml (70 mmo}) of ethylmagnesium bromide (about 2 M
in THF) heated at reflux. After 2 hr, the solution was cooled to 0°,
and 6.4 ml (5.5 g, 94.7 mmol) of propylene oxide was added. The
resulting yellow solution was stirred for 1 hr at 0° and 1 hr at room
temperature, then worked up and hydrolyzed by a procedure iden-
tical with that described for the reaction of oxetane with the bro-
momagnesium salt of 3 (above). The resulting brown oil was dis-
tilled through a 7-cm Vigreux column, producing 7.20 g (75% yield)
of 2 as a colorless liquid, bp 66-73° (0.50 mm) [lit.!° bp 73-75° (0.2
mm)]. VPC analysis (130°)2%> showed one major peak (95% pure)
at a retention time of 4.0 min. The ir and NMR spectra were iden-
tical with those of an authentic sample of 2 prepared by the meth-
od of Harvey and Tarbell.1?

VPC analysis23b of the product of a similar reaction run at 25°,
employing decane as an internal standard, indicated that a 67%
yield of 2 was formed after 2 hr.?5

VPC analysis??® of the product of the reaction of propylene
oxide with the lithium salt of 3 {from 3 and n-butyllithium at 0°),
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employing decane as an internal standard, indicated that a 43%
vield of 2 was formed after 1 hr at 25°.25
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Our study of the chemical properties of benzazocine! and
homobenzazocine systems? necessitated inter alia the avail-
ability of a ready, inexpensive, and plentiful source of 4,5-
benzotropone (2). The original procedure of Thiele and
Wertz34 involves condensation of o-phthaldialdehyde (1)
with dimethyl acetonedicarboxylate and subsequent hy-
drolysis and decarboxylation (eq 1). For large-scale synthe-
sis, however, the cost of 1 becomes prohibitive and the re-
quirements of an autoclave and 200° in the final stage is an
unattractive feature. Srivastava and Dev® have examined
selenium dioxide oxidation of benzocycloheptatriene (3) as
a route to 2. Although 4,5-benzotropone is indeed formed
(27%), the 2,3 isomer (4, 13% yield) contaminates the prod-
uct (eq 2). Also, hydrocarbon 3 is not readily available. Bat-

CHO
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OCE — Q0 o

COOCH;,

0= 0000

4
tiste’s recently discovered multistep route from the ben-
zyne—furan adduct 5 to 2,5 while novel and elegant in con-
cept, has in our hands not proven amenable to convenient
scale- “up (eq 3).
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