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Experimental Section 
Tetrahydrofuran was distilled from lithium aluminum hydride 

and stored under nitrogen. Acetylene (welding grade) was purified 
by passage through a -78O trap, then a sulfuric acid trap, and fi- 
nally through soda lime. The acetylene was transferred to the reac- 
tion flask with a gas ~yringe.~ n-Butyllithium in hexane (Alfa) was 
standardized by the method of Watson and Eastham.8 

All ketones were obtained commercially and were used without 
further purification. All aldehydes were obtained commercially 
and were distilled under nitrogen prior to use. 

All glassware was dried in an oven at 130" for several hours, then 
assembled hot and flushed with nitrogen while cooling. Liquids 
were transferred using syringe and double-ended needle tech- 
niques.gJO Solids were dissolved in tetrahydrofuran and trans- 
ferred as the solution. 

Melting points were determined with a Thomas-Hoover melting 
point apparatus and are uncorrected. Infrared spectra were taken 
on a Perkin-Elmer 700 spectrometer. lH and 13C NMR spectra 
were recorded on a Varian T-60 and Varian CFT-20 spectrometer, 
respectively, using tetramethylsilane as an internal standard. 
High-resolution mass spectra were obtained on a CEC 21-110 in- 
strument. A Hewlett-Packard 5750 gas chromatograph was used 
for VPC analysis using either a 6 ft X 0.25 in. 10% SE-30 or 10% 
XE-60 column with Chromosorb W as a stationary phase. Decane 
(Philips 99%) was used as an internal standard. 

General Procedure for Monolithium Acetylide Pregara- 
tion. 2-Ethynyl-endo-2-norbornanol. A dry 500-ml flask 
equipped with a magnetic stirring bar and septum-capped inlet 
was connected to a mercury bubbler and flushed with nitrogen. 
Tetrahydrofuran (200 ml) was placed in the flask and the flask was 
cooled in a Dry Ice-acetone bath. Acetylene (110 mmol) was added 
by means of a large gas syringe. n-Butyllithium (110 mmol, 49 ml 
of a 2.24 M solution in hexane) was measured into a graduated cyl- 
inderl0 by double-ended needle and then transferred dropwise into 
the reaction flask over a 15-min period. The solution was stirred 
for 10 min. Norcamphor (100 mmol, 11.1 g) was placed in a gradu- 
ated cylinder and dissolved in 30 ml of tetrahydrofuran. The solu- 
tion was added over a 5-min period to the monolithium acetylide. 
An additional 5 ml of tetrahydrofuran was used to wash the last of 
the norcamphor into the reaction flask. The solution was stirred 
for 20 min at -78" and then warmed to room temperature. Water 
(40 ml) was added followed by anhydrous potassium carbonate 
until the aqueous phase became pasty. The organic phase was de- 
canted and the aqueous layer was washed with 2 X 30 ml of ether. 
The combined organic phase was dried (magnesium sulfate) and 
distilled through a short-path distillation head. There was ob- 
tained 12.5 g (92%), bp 84-86O (15 mm). The product solidified 
upon cooling on Dry Ice: mp 46-47'' (lit.l1 mp 45-46O); 'H NMR 
(CDC13) 6 2.47 (s, C=CH), 2.43-1.2 (complex m, ring H and OH); 
proton-decoupled I3C NMR 6 C1, 49.6; Cz, 73.1; C3, 47.6; C4, 36.8; 
Cg, 26.7; Ca, 21.0; C?, 38.7; terminal acetylene, 90.1; internal acety- 
lene, 71.1; exact mass (P  - l) 135.083 (calcd, 135.081). 

VPC analyses were obtained from 5-mmol scale reactions. All 
products were isolated from these reactions by Kugelrohr distilla- 
tion or preparative VPC. All products exhibited consistent ir, 
NMR, and mass spectra. Satisfactory exact mass measurements 
(f0.003 mass units) were obtained for all compounds. 

Stability. In a dry 50-ml flask was prepared 5 mmol of monoli- 
thium acetylide in 10 ml of tetrahydrofuran. The solution was 
stirred for 6 hr in a Dry Ice-acetone bath. Then 5 mmol of hexanal 
was added. After 20 min the flask was warmed to room tempera- 
ture and 2 ml of water was added. The solution was saturated with 
potassium carbonate and 5 mmol of decane was added. Analysis by 
VPC revealed 4.35 mmol(87%) of 1-octyn-3-01. 

In a similar manner, 5 mmol of monolithium acetylide was pre- 
pared and after 10 min it was warmed to Oo for 15 min, then cooled 
to -78O. A white precipitate had formed at Oo. Hexanal was added 
and the reaction was worked up as above. Analysis revealed 1.95 
mmol(39%) of 1-octyn-3-01. 
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T h e  potential of camphene derivatives possessing a func- 
tionalized C-1 side chain as  synthetic precursors of natural 
products and related compounds has been realized in the  
recent syntheses of isolongifolenel and zizaane-type sesqui- 
 terpenoid^.^^^ T h e  methods available for their prepara- 
tionl-' were, however, limited to  multistep transformations 
of camphor (1) and often gave the desired products in un- 
satisfactory yields. In connection with our studies on the  
regioselectivity of boron trifluoride catalyzed ring enlarge- 
ment  of unsymmetrically substituted cycloalkanones,8 we 
have discovered a n  efficient conversion of dl-camphor (1) 
t o  the title compound (2) which should prove synthetically 
useful, particularly in constructing naturally occurring 
compounds of the zizaane family.g 
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Prolonged treatment of dl-camphor (1) with a n  excess of 
boron trifluoride etherate and ethyl diazoacetate in ether 
afforded, in addition t o  a minor amount of 3-carbethoxy- 
2-ethoxy-1,8,8-trimethylbicyclo[3.2.l]oct-2-ene (3): a mix- 
ture  of 1-(carbethoxyethoxymethy1)camphene (2) and its 
positional isomer 4 (2:l) in 63% yield.1° Subsequent treat- 
ment  of the mixture with zinc dust  and glacial acetic acid 
a t  reflux for 24 hr  resulted in a n  essentially quantitative 
and clean rearrangement of 4 t o  2. T h e  structure of 2 was 
readily assigned on the  basis of its spectral data  (see Exper- 
imental Section) and was further confirmed by its conver- 
sion t o  crystalline iodo lactone 5. T h e  sharp spectral peaks 
and thin layer chromatographic behavior of 2 and 5 cou- 
pled with the  sharp melting point of 5 are suggestive of sin- 
gle stereoisomers of both 2 and 5. T h e  data  presently avail- 
able, however, d o  not permit unambiguous definition of 
their stereochemistry. 
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The formation of 2 and 4 from dl-camphor (1) might be 
rationalized by  invoking Wagner-Meerwein rearrange- 
mentsll of an intermediate of glycidic ester12 6. 

Experimental Section13 
1- (2) and 4-(Carbethoxyethoxymethy1)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; a t  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 (MgS04), filtered, 
and concentrated. Column chromatography of the oily product on 
silica gel with benzene elution gave 1.275 g (24% yield) of 3s (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 (CCl4) displayed two partly superim- 
posed sets of signals integrated in a ratio of 2:l. 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 
BTMS 4.64 (s, 1 H, vinylic), 4.46 (s, 1 H, vinylic), 4.12 (9, 2 H, J = 
7.2 Hz, COOCHZCH~), 4.05 (9, 1 H, OCH), 3.54 [q of d, 1 H, J = 
8.5, J' = 7 Hz, OCH(H)CH3], 3.35 [q of d, 1 H, J = 8.5, S = 7 Hz, 

COOCH&H3), 1.16 (t, 3 H, J = 7 Hz, OCHZCH~), 1.05 (s, 3 H, 
OCH(H)CH3], 2.55 (br s, 1 H, allylic), 1.25 (t, 3 H, J = 7.2 Hz, 

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. I3ulb-to-bulb distillation of the residue at 7 5 O  (oven 
temperature) (1.5 mm) gave 0.482 g (96% yield) of 2: ir (film) 1740 
(C=O) and 1650 cm-l (C=C); NMR (Cc4) B T M S  4.79 (s, 1 H, 
vinylic), 4.55 (s, 1 H, vinylic), 4.12 (t, 2 H, J = 7.2 Hz, 
COOCHZCH~), 4.01 (9, 1 H, OCH), 3.54 [q of d, 1 H, J = 8.5, J' = 7 
Hz, OCH(H)CH3], 3.35 [q of d, 1 H, J = 8.5, J' = 7 Hz, 
OCH(H)CH3], 1.25 (t, 3 H, J = 7.2 Hz, COOCH~CHB), 1.20 (t, 3 H, 
J = 7 Hz, OCHZCH~), 1.05 (s, 3 H, methyl), and 0.99 (s, 3 H, meth- 
yl); mass spectrum mle  266.1888 (M+, calcd for CI6HZ6O3, 
266.1882) and 193 (base peak). 

Anal. Calcd for C16H2603: 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- 

[5.2.1.01-6]decan-3-one (5). A solution of 0.42 g (0.0016 mol) of 2 
and 10 ml of 4 N aqueous 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 ml of 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.15 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 (CHC13) 1775 cm-I (C=O); NMR 
(CDC13) B T M S  4.57 (s, 1 H, OCH), 4.11 [q of d, 1 H, J = 9, J' = 7 
Hz, OCH(H)CH3], 3.66 [q of d, 1 H, J = 9, S = 7 Hz, 

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~CHS), 1.19 (s, 3 H, 
methyl), and 1.10 (9, 3 H, methyl); mass spectrum mle 364.0527 
(M+, calcd for C14Hz1031127, 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- 
p o u n d ~ ~ - ~  and  the  preparation of alkylindium halides6 
from alkyl halides. We have recently reported a new proce- 
dure for the  preparation of activated metals1r7 and we have 
shown that by using this procedure highly reactive indium 
metal powders are  generated.8*9 In  this paper, we would 
like t o  report that this highly reactive indium metal reacts 
readily with a-halo esters t o  give a Reformatsky-type re- 
agent which will add t o  ketones and aldehydes t o  give p- 
hydroxy esters. T h e  Reformatsky reaction using zinc metal 
has been used in t h e  preparation of P-hydroxy esters for 
many years. Recent improvements have made this reaction 
a fairly reliable r e a ~ t i o n . ~ J ~ J l  

T h e  activated indium powder was prepared by reducing 
anhydrous InC13 (Alfa ultrapure) with freshly cut  potassi- 
u m  metal in dry, freshly distilled xylene. T h e  mixture is 


