Notes

OEt O

COOEt
/T/CHQI ‘

5 6

The formation of 2 and 4 from dl-camphor (1) might be
rationalized by invoking Wagher—Meerwein rearrange-
ments!! of an intermediate of glycidic ester!? 6,

Experimental Section!3

1- (2) and 4-(Carbethoxyethoxymethyl)camphene (4). To a
chilled solution (0°) of 3.04 g (0.02 mol) of dl-camphor (1) and 4.26
g (0.03 mol) of boron trifluoride etherate in 25 ml of ether under a
nitrogen atmosphere was added dropwise, over a period of 15 min,
a solution of 3.42 g (0.03 mol) of ethyl diazoacetate in 5 ml of ether.
The resulting solution was stirred in the dark at room temperature
for 120 hr; at the end of each 24-hr period, a further 1.42 g (0.01
mol) of boron trifluoride etherate and 1.14 g (0.01 mol) of ethyl di-
azoacetate were added. The reaction mixture was cautiously made
basic at 0° with saturated aqueous sodium bicarbonate and ex-
tracted with chloroform. The organic solution was washed with 1
N aqueous hydrochloric acid and water, dried (MgSOQy), filtered,
and concentrated. Column chromatography of the oily product on
silica gel with benzene elution gave 1.275 g (24% yield) of 38 (slower
moving) and 3.36 g (63% yield) of a mixture of 2 and 4. The ir and
mass spectra of the mixture were similar to those of pure 2 (see
below). Its NMR spectrum (CCly) displayed two partly superim-
posed sets of signals integrated in a ratio of 2:1. The bands of the
major set were found to coincide with those of 2 (see below) and
the minor set contained the following diagnostic signals of 4:14
drms 4.64 (s, 1 H, vinylic), 4.46 (s, 1 H, vinylic), 4.12 (q, 2 H, J =
7.2 Hz, COOCH,CH3), 4.05 (s, 1 H, OCH), 854 [ of d, 1 H, J =
8.5, J” = 7 Hz, OCH(H)CHa], 3.35 [q of d, 1 H, J = 8.5, J’ = 7 Hz,
OCH(H)CHs], 2.55 (br s, 1 H, allylic), 1.25 (t, 3 H, J = 7.2 Hz,
COOCH,CH3), 1.16 (t, 3 H, J = 7 Hz, OCH,CHjy), 1.05 (s, 3 H,
methyl), and 0.99 (s, 3 H, methyl). ,

Isomerization of 4 to 2. A stirred mixture of 0.5 g (0.0019 mol)
of the above mixture of 2 and 4 and 2.5 g (0.038 g-atom) of zinc
dust in 20 ml of glacial acetic acid was heated at gentle reflux
under an atmosphere of nitrogen for 24 hr. After cooling to room
temperature, the reaction mixture was filtered and the filtrate was
concentrated. Bulb-to-bulb distillation of the residue at 75° (oven
temperature) (1.5 mm) gave 0.482 g (96% yield) of 2: ir (film) 1740
(C=0) and 1650 cm™! (C=C); NMR (CCly) étms 4.79 (s, 1 H,
vinylic), 4.55 (s, 1 H, vinylic), 4.12 (t, 2 H, J = 7.2 Hgz,
COOCH,CHj3), 4.01 (s, 1 H,OCH), 854 [qofd,1H,J =85,J' =7
Hz, OCH(H)CHg], 335 [q of d, 1 H, J = 85, J/ = 7 Hz,
OCH(H)CHg}, 1.25 (t, 3 H, J = 7.2 Hz, COOCH,CH3), 1.20 (t, 3 H,
J =7 Hz, OCHyCH3), 1.05 (s, 3 H, methyl), and 0.99 (s, 3 H, meth-
yl); mass spectrum m/e 266.1888 (M™, caled for CigHogOs,
266.1882) and 193 (base peak).

Anal. Caled for Ci1gHoO5: C, 72.14; H, 9.84. Found: C, 72.18,
72.42; H, 10.06, 9.88.

Under other applied conditions (boiling acetic acid; p-toluene-
sulfonic acid in benzene at room temperature or at reflux), the
isomerization was found to proceed less effectively.

2-Ethoxy-5-(iodomethyl)-6,6-dimethyl-4-oxatricyclo-
[5.2.1.0"5]decan-3-one (5). A solution of 0.42 g (0.0016 mol) of 2
and 10 ml of 4 N agueous sodium hydroxide in 10 ml of methanol
was refluxed with stirring under a nitrogen atmosphere for 16 hr.
After cooling to room temperature, the reaction mixture was dilut-

_ed with 20 ml of water and washed twice with ether. The aqueous
solution was then acidified with 1 N aqueous hydrochloric acid
and extracted with chloroform. Work-up of the chloroform solu-
tion in the usual manner afforded 0.36 g of acidic product which,
without purification, was dissolved in 20 mlof 0.5 N aqueous sodi-
um bicarbonate. To this solution, 1.59 g (0.0096 mol) of potassium
iodide and 0.81 g (0.0064 mol) of iodine were added.l® After stir-
ring at room temperature in the dark for 20 hr, the mixture was
poured into a slurry of 40 ml of 1 N aqueous sodium hydroxide and
ice. Extraction with methylene chloride followed by the usual
work-up of the organic solution gave 0.471 g (82% yield based on 2)
of 5: mp 137-138° (ether); ir (CHCl3) 1775 em~! (C=0); NMR
(CDCly) érms 4.57 (s, 1 H, OCH), 4.11 [qof d, 1 H, J = 9, J' =

Hz, OCHH)CH;), 366 [q of d, 1 H, J = 9, J/ = 7 Hz,
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OCH(H)CH3), 3.51 [d, 1 H, J = 11 Hz, CH(H)I],3.30 [d, 1 H, J =
11 Hz, CH(H)I], 1.22 (t, 3 H, J = 7 Hz, OCH,CH3), 1.19 (s, 3 H,
methyl), and 1.10 (s, 3 H, methyl); mass spectrum m/e 364.0527
(M, caled for C14H210311%7, 364.0536) and 193 (base peak).
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Until recently, synthesis using the direct reaction of in-
dium metal was at best limited. Use was restricted to the
preparation of triaryl- and trialkylindium compounds from
the reaction of indium metal and diorganomercury com-
pounds®? and the preparation of alkylindium halides®
from alkyl halides. We have recently reported a new proce-
dure for the preparation of activated metals!:” and we have
shown that by using this procedure highly reactive indium
metal powders are generated.®® In this paper, we would
like to report that this highly reactive indium metal reacts
readily with a-halo esters to give a Reformatsky-type re-
agent which will add to ketones and aldehydes to give 8-
hydroxy esters. The Reformatsky reaction using zinc metal
has been used in the preparation of 3-hydroxy esters for
many years. Recent improvements have made this reaction
a fairly reliable reaction.”10:11

The activated indium powder was prepared by reducing
anhydrous InCls (Alfa ultrapure) with freshly cut potassi-
um metal in dry, freshly distilled xylene. The mixture is
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Figure 1. Activated indium prepared by reduction of InCl; with
potassium in xylene.

Figure 2. Commercial atomized 325-mesh indium metal.

heated to reflux and stirred with a magnetic stirrer under
argon for 4-6 hr, yielding a light black powder. Particle size

InCl, + 3K — In* + 3KCI

determination on this material indicated a range of 10-0.2
um with the average particle size being 4.0 um. This is
much smaller than that of commercially available indium
powder (325 mesh). The activated indium shows a normal
powder pattern of both indium metal and also the KCI.
Scanning electron microscope photographs of both the acti-
vated indium (Figure 1) and commercial indium (atomized
325 mesh, Figure 2) are shown. The photographs clearly
show the high surface area of the activated indium and ap-
pear to be conglomerates of even smaller crystals. Until we
can get X-ray fluorescence studies done on these crystals,
we cannot single out the individual crystallites of KCI or
In. The material appears uniform and thus we are assum-

Notes
Table I
Solvent Effect on the Yield of the
Reactions with Activated Indium?®
Reaction Reaction

Carbonyl compd Solvent temp, °c time, hr % yieldb
Cyclohexanone Xylene 55 2 100
Cyclohexanone Et,O 34 12 100
Cyclohexanone THF 66 4.5 39-711°
Benzaldehyde Xylene 55 2 83-100
Benzaldehyde Et,O 34 6 81
Benzaldehyde THF 66 4 67

@ All reactions were carried out in the ratio of In*: BrCH-COsEt:
>=0 = 1.0:0.95:0.95. ®*Yield was measured by GC based on
BrCH2CO2Et/2 = 100% yield.4 ¢ Unreacted cyclohexanone was
not completely recovered. “ The factor of % is necessary because
only one ~-CH2COzEt group of Brin(CH;CO2Et), adds to a ketone
or aldehyde.

Table I1
Effect of Stoichiometric Ratio of Ethyl Bromoacetate
to Carbonyl Compounds on the Yield of the Reaction
with Activated Indium?®

Carbonyl compd In™:BrCH 1COzEt>=0 % yield
Cyclohexanone 1.0:0.95:0.95 100
Cyclohexanone 2.1:2.0:1.0 18
Benzaldehyde 1.0:0.95:0.95 83-100
Benzaldehyde 2.1:2.0:1.0 54

@ All reactions were carried out in xylene at 55° for 2 hr.

ing that the conglomerates are mixtures of KCl and In crys-
tals.

Reaction of this activated indium metal with «-halo es-
ters is rapid. For example, reaction of a mixture of ethyl a-
bromoacetate and cyclohexanone in xylene at 55° for 2 hr
gives an almost quantitative yield of the corresponding 3-
hydroxy ester. The activated indium will also react with
ethyl a-chloroacetate. In this case reaction for 7 hr at 55°
in xylene gave a 42% yield of the 3-hydroxy ester. In con-
trast, commercial indium metal (325 mesh) was treated
with ethyl a-bromoacetate for periods of time up to 18 hr
with a maximum yield of only 17%.

The reaction of the black indium powder with the «-bro-
moacetate can be readily observed by the rapid disappear-
ance of the black powder and the formation of a brownish-
yellow material. The proposed structure for the intermedi-
ate indium compounds is (EtOCOCH3),InBr. This is based
on an analysis of the material which was xylene soluble and
showed an In/halide ratio of 1.05-1.00. The overall reaction
scheme is shown below.

_CH,CO,Et

“CH,CO,Et + InBr

2In* + 2BrCH2C02Et — Brln

CH,COEt R
Brln + \C={) —

CH,CO,Et R
OH

H*-H,0
O—C—CH,CO,Et —— R—C—CH.CO.Et
Brin ‘

\CH;‘CO_,Et R

When we extracted the brownish-yellow solid with THF,
in which it is much more soluble, we obtained different
analysis results. In this case it was found that the K:In:ha-
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Table I1I
Summary of Reformatsky Reaction of Carbonyl Compounds with Activated indium and Ethyl Bromoacetate®
Reaction
Carbonyl compd Product Registry no, Solvent temp, °c % yieldb
OH
Cyclohexanone 5326-50~1 Xylene 55 100
CH,CO,Et
OH
Cyclopentanone E>< 3197-76-0 Xylene 55 80
CH,CO,Et
Benzaldehyde C¢H;CH(OH)CH,CO,Et 5764 -85-2 Xylene 55 83-100
p -Methylacetophone CH;C,;H,C(OH)(CH;3)CH,CO,Et 55319-45-4 Et,0 34 59

a All reactions were carried out for 2 hr. ¥ Based upon GLC analysis using internal standard, BrCH2CO2Et/2 = 100%.¢ ¢ The factor of
1, is necessary because only one ~-CH2COzEt group of BrIn(CH2CO2Et)2 adds to a ketone or aldehyde.

lide ratio was 0.85:1.00:2.02 and it contained 25.6% of In.
This fits the structure of the ate complex of (EtOCO-
CHa)oInBr with KCl. Thus it appears that the composition

CH,CO,Et Br CH,COEtT
i + R 2 k| D
Br n\ solvent yd
CH,CO,Et a CH,CO,Et

of this Reformatsky reagent is quite solvent dependent,
with the ate complex being favored in polar solvents. We
examined the effect of the solvent on the yield of the 8-
hydroxy ester and the results are summarized in Table I. It
is readily apparent that the reactions in polar solvents gave
lower yields and more side products. We attribute these re-
sults to the formation of the ate complex in polar solvents.

In order to obtain good yields of 8-hydroxy esters, sever-
al reaction conditions must be carefully controlled. In the
preparation of the activated indium it is very important
that the molar ratio of InCl; to K be exactly 1:3. If there is
an excess of either InCls or K, side reaction products be-
come considerable. The ratio of the carbonyl compound to
the a-bromoacetate is also very critical. In order to obtain
high yields, a onefold excess of the carbonyl compound is
necessary; the excess carbonyl compound can be recovered
later. The reason for the necessity of the excess carbonyl
compound is not readily obvious. Some of the results with
varying ratios of bromoacetate to ketone are summarized in
Table II. :

Finally, the results of reactions of a variety of carbonyl
compounds with the activated indium and ethyl o-bromoa-
cetate are summarized in Table III. In general, the yields of
B-hydroxy esters are good with ketones and also with benz-
aldehyde in xylene and diethyl ether. However, alkyl al-
dehydes give relatively low yields.

Experimental Section

Materials. Cyclohexanone, cyclopentanone, benzaldehyde, p-
methylacetophenone, ethyl bromoacetate, and ethyl chloroacetate
were obtained from commercial sources. They were used without
further purification. Xylene (ortho, 99%) was obtained from Al-
drich and distilled over NaAlH4. Diethyl ether (Fisher Anhydrous)
and THF (MCB) were distilled over LiAlH, under argon. Com-
mercial indium (325 mesh, 99.9%) and anhydrous indium trichlo-
ride were obtained from Alfa. Potassium (Baker purified) was
cleaned under heptane prior to use. Activated indium metal was
prepared by reducing indium trichloride with potassium in xylene
by refluxing for 46 hr under an argon atmosphere.

Reactions Using Activated Indium. The following procedure
for the conversion of cyclohexanone to ethyl (1-hydroxycyclohex-
yl)acetate is representative. Activated indium metal (10 mmol)
was prepared from the reduction of InCls (2.21 g, 10 mmol) and K
(1.17 g, 30 g-atoms) in 25 ml of xylene in a 100-ml round-bottom
flask with a side arm equipped with a septum cap under an argon
atmosphere. After refluxing for 4.5 hr the mixtures were cooled

down to 2° with ice-water, 1.0 g of bipheny! was added as an inter-
nal standard, and then two loaded syringes with cyclohexanone
(0.93 g, 9.5 mmol) and ethyl bromoacetate (1.5 g, 9.5 mmol) were
inserted into the flask via a septum cap. Both components were
added simultaneously and stirred at 2° for 10 min; then the
mixtures were heated to 55°. One 2-ml sample was withdrawn pe-
riodically and hydrolyzed with 2 N HCl solution. The organic layer
was subjected to GLC. GLC analyses were carried out with an HP
Model 5750 research gas chromatograph equipped with 6 ft X
0.125 in. stainless steel columns packed with 10% SE-30 on Chro-
mosorb W. The product was identified by comparing GLC reten-
tion time with that of the authentic sample obtained from the reg-
ular zinc Reformatsky reaction.
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Nelsen,! Blankespoor,? and Russell® and their associates
have investigated long range § coupling constants in the
semifuraquinone (1) and semidione (2) series. The observa-
tions for 1 and 2 illustrate that the interactions between



