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were washed with CHzC12, and the combined organic phases were 
concentrated in vacuo. The residue was stirred with 13.82 g (0.329 
mol) of cyanamide in 200 ml of MeOH for 6 hr. A mixture of 27.44 
g (0.395 mol) of hydroxylamine hydrochloride, 54.48 g (0.395 mol) 
of KzC03, and 500 ml of MeOH was added. After stirring for 15 hr 
a t  50' the reaction mixture was cooled to room temperature and 
filtered through Celite. The residues were washed with MeOH. 
The combined organics were concentrated, diluted with 500 ml of 
HlO, and continuously extracted with CHzCll to give the product, 
which was triturated with CH3CN and then crystallized from 
MeOH-H2O to give 27.9 g of product. Silica gel chromatography of 
the residues from trituration and recrystallization gave an addi- 
tional 6.1 g of recrystallized product. Total yield was 34.0 g (49%), 
mp ca. 265' dec. The product obtained by method B was identical 
with that obtained by method A. 
3-Cyanoimiso-3-piperidinopropionitrile (4g). The portion of 

method A applicable to preparation of this compound was fol- 
lowed. A mixture of 5.00 g (0.0329 mol) of N-(2-cyanoacetyl)piper- 
idine and 5.00 g (0.0338 mol) of trimethyloxonium fl~oroborate'~ 
was first stirred in 50 ml of CH2C1220 for 23 hr. The product was 
isolated and stirred with 1.38 g (0.0329 mol) of cyanamide in 25 ml 
of absolute EtOH for 5 hr and the mixture was concentrated in 
vacuo. The product mixture was chromatographed by HPLC on 
30-50 silica gel in MeOH-CHC13 to afford 2.12 g of pure 3-cy- 
anoimino-3-piperidinopropionitrile: mp 73-74.5'; NMR (CDC13) 6 
1.75 [br, s, 6, -CH3-)3], 3.48-3.91 [m, 4, N(CH&], 3.93 (s, 2, CH2); 
uv (EtOH) end absorption, A,,, 252 nm (t 19000); mass spectrum 
m/e  (re1 intensity) 176 (749), 122 (698), 109 (999), 96 (334), 83 
(556); ir (Nujol) 2260 (C=N), 2180 (NCEN), 1595 cm-l (C=N), 
no N-H. 
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This laboratory has been developing the concept of tan- 
dem alkylation-reduction of aromatic carbonyl systems as 
a convenient method of preparing aromatic hydrocarbons 
by the lithium-ammonia-ammonium chloride reduction of 
benzyl alkoxides generated in situ by a1kylation.l Recently 
we extended this convenient procedure to the selective syn- 
thesis of rather complex aromatic hydrocarbons in excel- 
lent isolated yields by the phenylation-reduction of appro- 
priate aldehydes and ketones.2 One of the purposes of that 
study, which demonstrated that challenging organic struc- 
tures could be rapidly assembled by the proper selection of 
the requisite carbonyl system, was to explore the potential 
applicability of this simple procedure to the total synthesis 
of aromatic terpenes. Herein we wish to report an example 
of the use of the procedure, which is performed in the same 
reaction vessel without the isolation or purification of in- 
termediates, for the total synthesis of (&)-a-curcumene (3). 
The entire synthesis consumed only ca. 8 hr and the overall 
isolated yield of the pure aromatic sesquiterpene 3 was in 
the range of 90-92% in repeated runs. 
* Addition of 6-methyl-5-hepten-2-one (1) to a T H F  solu- 
tion of p-tolylmagnesium bromide, generated in situ from 
p-bromotoluene and a dark gray suspension of highly reac- 
tive magnesium metal3 in T H F  in a metal-ammonia reac- 
tion vessel, produces the intermediate benzyl alkoxide 2. 
Subsequently ammonia is distilled into the vessel, excess 
lithium foil is quickly added, and the resultant dark blue 
mixture is quenched with ammonium chloride. The latter 
are conditions that protonate the benzyl alkoxide 2 and 
then rapidly reduce the resultant benzyl alcohol to the 
sesquiterpene (f)-a-curcumene (3) before all the excess 
lithium is destroyed, thereby completing the synthesis. 

1 2 3 

Although there have been numerous methods reported 
for the total synthesis of this racemic sesquiterpene: the 
best overall yield starting from commercially available ma- 
terial seems to be ca. 3 5 % ~ ~ ~  

Since a-curcumene has previously been reduced to 0- 
curcumene in sodium-ammonia-ethanol (92% yield)4d and 
cyclized in phosphoric acid to calamenene (80% yield): this 
tolylation-reduction procedure constitutes a convenient 
method for the preparation of these sesquiterpenes as well. 

Experimental Section6 
General Comments. The entire reaction sequence was per- 

formed under a static argon (prepurified) atmosphere, which is 
connected by a T tube to the assembly and to a soda lime drying 
trap that is connected in series to an oil bubbler, and is operated at  

(1955). 
Trimethyloxonium fluoroborate was obtained by direct reaction of meth- 
yl ether, epichlorohydrin, and boron trifluorlde etherate rather than by 
exchange with triethyloxonium fluoroborate. 

a moderate flow rate throughout the synthesis. All glassware was 
Oven dried and 
tor, and then quickly assembled. Anhydrous magnesium chloride 
was weighed in a nitrogen atmosphere. Potassium metal was wiped 

to temperature in a large box 

(20) Dried by passage through Woelm basic alumina, activity grade I. 
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173 (2), 159 (3), 145 (22), 132 (76), 131 (41), 119 (loo), 105 (55), 91 
(33), 83 (21), 77 (17),69 (26), 55 (4% 41 (SI), 39 (29). 

Anal, Calcd for C15H22: C, 89.04; H, 10.96. Found: C, 88.92; H, 
10.95. 

The physical and spectral data are consistent with those avail- 
able in the 
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R e g i s t r y  No.-1, 110-93-0; 3, 3649-81-8; p-bromotoluene, 106- 
38-7; 

free of oil, cut into small pieces, and rinsed in petroleum ether just 
prior to use. Lithium wire (0.32 cm, high purity, Foote Mineral 
Co.) was wiped free of oil, hammered flat between sheets of alumi- 
num foil, cut into 0.5-cm pieces, and rinsed in petroleum ether just 
prior to use. Tetrahydrofuran (THF) was freshly distilled under 
nitrogen from LiAlHd. Commercially available p-bromotoluene 
and 6-methyl-5-hepten-2-one (1) were redistilled, Anhydrous am- 
monia was distilled, through a tower of potassium hydroxide pel- 
lets, directly into the reaction vessel. Gas chromatography (GLC) 
analyses were performed on a 100 X 0.4 cm (id.)  glass column, 
packed with 3% silicon gum rubber OV-17 (methyl phenyl) sup- 
ported on 80-100 mesh HP Chromosorb W, using a 40 ml/min car- 
rier gas flow rate, with a Hewlett-Packard Model 7610A (flame de- 
tector) chromatograph. Purification of the product by column 
chromatography was accomplished on chromatographic grade acti- 
vated alumina (80-325 mesh, Matheson Coleman and Bell) by elu- 
tion with petroleum ether. Evaporative distillations were per- 
formed in a Kugelrohr oven. The boiling point is uncorrected. 

( f ) - a - C u r c u m e n e  (3). A stirred mixture containing 7.08 g (74.4 
mmol) of magnesium chloride and 5.20 g (133 mg-atoms, five piec- 
es) of potassium in 180 ml of THF was refluxed (oil bath, 78-80') 
for 2 hr. After the dark gray suspension was allowed to cool to 25' 
(ca. 30 min), a solution of 5.80 g (33.9 mmol) of p-bromotoluene in 
15 ml of THF was slowly added (ca. 5 min). After 25 rnin the 
stirred mixture was cooled to ca. -78O (Dry Ice-acetone bath) and 
then a solution of 3.15 g (25.0 mmol) of 6-methyl-5-hepten-2-one 
(1) in 15 ml of THF was added dropwise (ca. 10 min). After 20 min 
at -7S0, the cooling bath was removed and the stirred mixture was 
allowed to warm to 25O. After 1 hr, 210 ml of ammonia was careful- 
ly distilled (ca. 30 min) into the reaction vessel and then 0.694 g 
(lo0 mg-atoms, 40 pieces) of lithium foil was quickly added. After 
ca. 10 min, the dark blue color of the reaction mixture was dis- 
charged by the rather continuous addition (ca. 15 min) of excess 
ammonium chloride7 (ca. 23 g) and then the ammonia was allowed 
to evaporate. After the residue had been taken up in water, adjust- 
ed to pH 7 with 1 N HCl, and extracted with ether, the organic 
phase was dried (MgSOd), filtered, and concentrated at water aspi- 
rator pressure. The resultant colorless oil (4.85-5.00 g, 96-99%) ex- 
hibited one product peak on GLC (6-min retention time at 120'). 
Following column chromatography 4.55-4.65 g (90-92%) of (&)-a- 
curcumene (3) was obtained as a colorless oil: bp 125-127' (15 
mm); n26D 1.4996; ir (film) 3095, 3050, 3025, 2965, 2925, 2865, 
1515, 1450, 1375, 810, 720 cm-l; NMR (100 MHz, CDC13, 250 
scans) 6 7.08 (4 H, s), 5.09 (1 H, apparent t, J = ca. 7 Hz), 2.65 (1 
H, apparent sextet, J = 6.8 Hz), 2.31 (3 H, s), 2.0-1.7 (2 H, m), a 
broad multiplet a t  1.7-1.3 (2 H, m) on which is superimposed two 
perturbed singlets at 1.66 (3 H, s) and 1.52 (3 H, s), 1.21 (3 H, d, J 
= 6.8 Hz); mass spectrum m/e (re1 intensity) 202 (M', 171, 188 (5), 
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