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Treatment of the acid chloride of geranic acid (6) with triethylamine and methanol affords methyl y-geranate
(9) contaminated by ca. 10% of methyl geranate. Acid-catalyzed cyclization of methyl y-geranate affords, in high
yield, a mixture composed primarily of methyl 3,3-dimethylcyclohexenylacetates (12 and 13). The endocyclic un-
saturated isomers 12 and 13 were converted to the desired conjugated, exocyclic isomers 15 and 16 by addition of
hydrogen bromide followed by dehydrobromination with triethylamine. Lithium aluminum hydride reduction of
15 and 16 gave (Z)- and (E)-3,3-dimethyl-A'8.cyclohexaneethanol (2 and 2a), which, in turn, were converted into
the corresponding aldehydes by oxidation with manganese dioxide.

7-Methyl-3-methylene-6-octen-1-0l (1), henceforth re-
ferred to as y-geraniol, has been postulated as the biosyn-
thetic precursor for the four components, 2, 3, 4, and 5, of
the boll weevil sex pheromone.234 We have examined the
acid-catalyzed cyclization of y-geraniol and its derivatives
and wish to report procedures which afford alcohol 2 and
aldehydes 3 and 4 from readily available starting materials
such as citral or geranic acid (6).°
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v-Geraniol (1)7 is not commercially available, and y-ger-
anic acid (7) was not known prior to this work. These com-
pounds are readily prepared from geranic acid (68) using a
procedure to deconjugate a double bond suggested by Iwa-
kura.? The acid chloride 8, prepared from the sodium salt
of geranic acid (6),%1° was treated with 1 equiv of triethyl-
amine and methanol in benzene to give methyl v-geranate
(9),1* contaminated by ca. 10% of methyl geranate (6a), in
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up to 83% isolated yield.!2 Essentially pure 9 can be ob-
tained by distillation using a spinning band column. Lithi-
um aluminum hydride reduction of 9 affords y-geraniol (1).

Formic acid catalyzed cyclization of 1 gave the more
thermodynamically stable enddcyclic isomers 10 and 11,
and only a trace of the formates of (Z)-2 and (E)-2a. Lack-
ing a convenient handle to effect double bond isomeriza-
tion to the desired alcohols 2 and 2a, we turned our atten-
tion to the cyclization of ester 9.

Heating ester 9 with polyphosphoric acid gave, in 90%
yield, a mixture of cyclized esters 12, 13, 14, 15, and 16.13 In
order to shift the double bond into the less stable conjugat-
ed position,!4 the ester mixture was treated with hydrogen
bromide and the resulting bromide 17 was then dehydro-
brominated with triethylamine to afford a mixture contain-
ing 80% of the exocyclic isomers 15 and 16. If desired, the
exocyclic isomers can be partially separated at this stage by
distillation using a spinning band column.
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The Z and E esters 15 and 16 were converted to the Z
and E alcohols 2 and 2a by reduction with lithium alumi-
num hydride. Oxidation of the alcohols using manganese
dioxide affords the aldehydes 3 and 4 in high yield.

NMR analysis of 3 and 4 failed to indicate the presence
of endocyclic isomers 18 and 19. However, gas chromato-
graphic analysis invariably showed the presence of these
isomers. Samples of 3 and 4 collected by preparative GLC

and determined to be pure by NMR were reanalyzed by
GLC and once more showed the presence of 18 and 19. We
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conclude that 3 and 4 undergo 1,5-hydrogen transfer!® in
the gas chromatograph. Heating aldehydes 3 and 4 at 145°
for 12 hr under a nitrogen atmosphere also gave a mixture
containing ca. 20% of the endocyclic isomers 18 and 19,
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In conclusion, it is instructive to point out that two con-
trathermodynamic isomerizations permit the facile synthe-
sis of the cyclohexyl constituents of the boll weevil phero-
mone. The failure to chserve cyclobutane derivatives in the
cyclization of 1 and 9 is undoubtedly related to the kineti-
cally favored protonation of the A% double bond and the
higher transition energy required to form a cyclobutane
ring in the event that protonation at C-10 and subsequent
C-3 to C-6 interaction does take place.

Experimental Section!t

Methyl y-Geranate (9). Ether (600 ml) was added in small por-
tions to the gummy mixture resulting from the combination of 200
g (1.19 mol) of geranic acid (6) with 49 g (1.19 mol) of sodium hy-
droxide in 100 ml of water. The resulting white precipitate was re-
moved by filtration through course filter paper and washed several
times with ether. The salt was first dried on a steam plate and ther
in a vacuum oven at 70° for 24 hr.

To a suspension of 194 g (1.02 mol) of sodium geranate in 450 ml
of benzene at 0° was added dropwise 130 g (1.06 mol) of thiony!
chloride. After stirring for 2 hr at ambient temperature, the sol-
vent and unreacted thionyl chloride were removed in vacuo. Ben-
zene (300 ml) was added to the residue and the mixture was added
at 0° over a 1-hr period to 200 ml of benzene containing 115 g (1.14
mol) of triethylamine and 37 g (1.16 mol) of methanol. The mix-
ture was filtered and the solvents were removed. Vacuum distilla-
tion afforded 168 g of liquid containing 83% of 9 and 8% of methyl
geranate (6a) according to GLC and NMR analysis. Pure methyl
y-geranate (9) was obtained by distillation using a spinning band
column: bp 40° (0.15 mm); ir 3.4, 5.75, 6.08, 8.65, 9.9, and 11.2 um;
NMR (CDCl3) 1.61 and 1.69 [s, 6, C=C(CHjs)s], 2.11 (d, 4), 8.03 (s,
2, -CHCO9-), 3.68 (s, 3, -OCHy), 4.91 (s, 2, -C=CHy), and 5.10
ppm (m, 1, -CH==C-); mass spectrum m/e (rel intensity) 182 (9),
139 (20), 123 (12), 109 (22), 108 (32), 107 (13), 69 (100), 68 (13), 67
(18), 41 (51), and 39 (11).

Anal. Caled for C11H509: C, 72.49; H. 9.95. Found: C, 72.39; H,
10.15.

y-Geraniol (1). To a solution of 13.0 g (71 mmol) of 9 in 130 ml
of dry ether was added 3.0 g (79 mmol) of lithium aluminum hy-
dride. The mixture was stirred for 30 min and aqueous sodium hy-
droxide solution was slowly added. The mixture was filtered, and
the filtrate was dried (MgSO4) and distilled to yield 11.0 g of pure
1: bp 51° (0.10 mm); n2%D 1.4721 [lit.7® bp 83-86° (2-3 mm), n2°D
1.4717]; ir 3.0, 6.08, 9.6, and 11.25 um; NMR (CDCly) 1.63 and 1.70
[s, 6, C=C(CHy)y}, 1.8-2.2 (m, 4), 2.30 (t, 2, J = 6 Hz, -CH3CH.0),
3.72 (t, 2, J = 6 Hz, -CH;CH0), 4.88 (s, 2, -C==CHy), and 5.10
ppm (m, 1, CH=C-).

Cyclization of y-Geraniol (1). A solution of 0.50 g (3.2 mmol)
of 1 and 1 ml of 90% formic acid was refluxed for 2 hr. Pentane was
added, the solution was washed with water and dried (MgS0,),
and the solvent was evaporated, leaving 0.59 g of a mixture of for-
mate esters 10 and 11 in 3:1 ratio as determined by GLC (DC-200

J. Org. Chem., Vol. 40, No. 15,1975 2155

column) and NMR analysis: peaks at 0.90 (s, CHsCCHa), and 5.5
ppm (-C=CH-) were assigned to 10; those at 0.93 (s, CH3CCHa)
and 5.2 ppm (s, -C==CH-) to compound 11; while those at 1.2-1.4
(m), 4.28 (t, 2, -CHoOCOH), and 8.05 ppm (s, 1, -OCHO)} were
common to both isomers.

Cyclization of Methyl v-Geranate (9). A mixture of 40 g (0.22
mol) of 9 (containing ca. 10% of methyl geranate) and 1.0 g of po-
lyphosphoric acid was stirred at 130° for 2 hr. The products were
distilled directly from the reaction vessel, yielding 36 g (90%) of
liquid, bp 40-45° (0.1 mm). Preparative GLC using a 12 ft X 0.375
in. 15% Carbowax 20M column at 175° yielded five fractions. Com-
pound 12 (53%, retention time.8.0 min): ir 5.73 um; NMR (CDClg)
0.91 [s, 6, -C(CHs)3], 1.30 (t, 2), 1.5-2.2 (m, 4), 2.95 (s, 2, -CH,CO3-
), 8.68 (s, 3, ~OCHs), and 5.55 ppm (s, 1, -C=CH-). Compound 13
(25%, retention time 6.3 min): ir 5.73 um; NMR (CDCl3) 0.96 [s, 6,
-C(CHzs)g], 1.2-2.6 (m, 6), 293 (s, 2, -CHsCO,-), 3.68 (s, 3, -
OCHy3y), and 5.30 ppm (s, 1, -C==CH-). Compound 14 (12%, reten-
tion time 5.1 min): ir 5.76 um, NMR (CDCls) 0.92 {s, 6, <C(CHa)q],
1.65 (s, 3, -C==CCH3), 1.7-2.5 (m, 4), 2.61 (s, 1, -CHCO3-), 3.68 (s,
3, -OCH3) and 5.60 ppm (s, 1, -C=CH-). Compound 15 (5%, re-
tention time 88 min): ir 581 um; NMR (CDCly) 0.91 [s, 6,
—C(CHs)q], 1.2-1.9 (m, 4), 2.17 (t, 2, -CHg— trans to -COsMe), 2.68
(s, 2, ~CHs- cis to —-COsMe), 3.88 (s, 3, -OCH3), and 5.68 ppm (s, 1,
~C=CH-). Compound 16 (5%, retention time 9.6 min): ir 5.81 um;
NMR (CDCl3) 0.90 [s, 6, -C(CHj)s], 1.3-1.9 (m, 4), 1.97 (s, 2,
~CHg- trans to —-COgMe), 2.78 (t, 2, -CHy- cis to -COsMe), 3.68 (s,
3,-0CH3), and 5.58 ppm (s, 1, -C=CH-).

Isomerization of Esters 12 and 13 to 15 and 16. Hydrogen bro-
mide was bubbled into a solution of 36 g of the mixture of 12, 13,
14, 15, and 16 described above in 400 ml of methylene chloride at
room temperature. The addition was complete (by NMR analysis)
after 10 hr. The solvent and excess hydrogen bromide were re-
moved in vacuo. The residue was taken up in benzene and 85 g of
dry triethylamine and more benzene was added to bring the vol-
ume to 500 ml. The solution was refluxed for 36 hr, filtered, and
washed twice with water, and the solvent was removed, leaving 35
g (97%) of liquid containing 75% of 15 and 16 as determined by
GLC analysis. A portion of this material was distilled using a spin-
ning band column and fractions boiling in the range of 47-48° (0.2
mm) collected. The initial fractions were enriched in 15 and the
later ones in 16.

(2)-3,3-Dimethyl-Al8-cyclohexaneethanol (2). To a solution
of 9.0 g (49 mmol) of 15 {containing 25% of 16) in 110 ml of dry
ether was added 1.86 g (49 mmol) of lithium aluminum hydride.
The mixture was stirred for 1 hr at ambient temperature, aqueous
sodium hydroxide was added, the mixture was filtered and dried
(MgSO0,), and the solvent was removed, affording 6.7 g of liquid
which was purified by distillation using a spinning band column.
Pure Z alcohol showed bp 44° (0.2 mm); ir 3.05, 6.0, 9.3, 9.7, and
10.0 um; NMR (CDCly) 0.90 [s, 8, ~C(CHa)s], 1.30-2.20 (m, 6), 1.98
(s, 2, -CHz- cis to -CH,0H), 4.12 (d, 2, J = 7 Hz, -CH30H), and
5.50 ppm (t, 1, J = 7 Hz).

(E)-3,3-Dimethyl-Alf.cyclohexaneethanol (2a). The E ester
16 (containing 14% of 15) was reduced in the same manner to yield
90% of alcohol 2a (containing 14% of 2): bp 40° (0.15 mm); ir 3.05,
6.0, 9.3, and 10.0 um; NMR (CDCls) 0.87 [s, 8, -C(CHa)o], 1.2-2.2
(m, 6), 1.90 (s, 2, ~CHg- trans to ~-CH0H), 4.15 (d, 2, J = 7 Hz,
-CH30H), and 5.32 ppm (t, 1, J = 7 Hz, -C=CH-).

Aldehydes 3 and 4. A mixture of 2.4 g (19.5 mmol) of alcohols 2
and 2a in 100 ml of pentane and 10 g (115 mmol) of manganese
dioxide was stirred at ambient temperature for 10 hr and filtered,
and the solvent was removed, leaving 2.0 g (83%) of essentally pure
aldehydes 3 and 4 showing properties consistent with those re-
ported by Tumlinson:® ir 5.95 and 6.12 y; NMR (CDCl3) peaks at
0.97 (s), 2.24 (t, -CHgy~ trans to CHO), 2.49 (s, -CHs- cis to CHO),
and 5.95 ppm (d, J = 8 Hz, -C=CH-) were assigned to 3, while
those at 0.92 (s), 2.10 (s, -CHo— trans to CHO), 2.68 (t, -CHg— cis
to CHO), and 5.80 ppm (d, J = 8 Hz) were assigned to 4. NMR
peaks at 1.2-1.9 and 10.01 ppm (d, CHQ) were common to both
isomers.

A GLC-collected sample of a mixture of aldehydes 3 and 4
(shown to be pure by NMR), when injected again into a 12-ft DC-
200 column employing an. injector temperature of 235°, gave 15%
of a broad peak with a lower retention time. This peak was collect-
ed and identified as a mixture of endocyclic aldehydes 18 and 19
on the basis of its ir and NMR spectra: peaks at 0.99 (s) and 5.35
ppm (s, -C=CH-) assigned to 18, peaks at 0.91 (s) and 5.60 ppm
(s, ~C=CH-) assigned to 19, and those at 1.2-2.4 and 2.98 ppm
(-CH2CHO) were common to both isomers.
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Registry No.—1, 13066-51-8; 2, 26532-23-0; 2a, 30346-27-1; 3,
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30346-23-7; 16, 30346-25-9; 18, 36866-77-0; 19, 55298-72-1.
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Specific cyclohexanone enolates are generated by cleaving the corresponding trimethylsilyl enol ethers with
lithium amide in liquid ammonia. Butylation proceeds in high yield in this solvent, with little enolate equilibra-
tion. With corresponding sodium and potassium enolates, alkylation and enolate equilibration proceed at compa-

rable rates.

Vicinal dialkylation of enones, by conjugate addition!
and alkylation of the resulting specific enolate (i — ii —
iii), is an important synthetic process which has received
considerable recent attention.? The main problem is the
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matter of proton exchange vs. alkylation. With very reac-
tive electrophiles such as benzylic and allylic halides, alkyl-
ation is significantly more rapid than proton exchange, and
regiospecific vicinal alkylation results.22bd Coates found
dimethoxyethane (DME) to be an effective solvent for pro-
moting alkylation vis-a-vis proton transfer, although he
still encountered substantial proton transfer in some ca-
ses. 2

In connection with a projected alkaloid synthesis, we re-
quired 2-alkyl-3-methallyl-5-methylcyclohexanones, in
which the C-3 and C-5 substituents are trans (1). Since the
conjugate addition of dialkylcuprates to 5-methylcyclohex-
2-en-1-one is known to occur with good trans stereoselecti-
vity,3 the vicinal dialkylation process is an attractive route
to 1.
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In the process of this study, we discovered that specific
lithium enolates undergo alkylation in a mixture of liquid
ammonia—tetrahydrofuran under conditions where proton
transfer is an insignificant side reaction.* In this paper, we
report the results of a limited study of this phenomenon.
Preparation of Alkylation Substrates. The ketone en-
olates which we have studied were prepared by cleavage of
the appropriate silyl enol ether with methyllithium in the
appropriate ether* or with lithium amide in liquid ammo-
nia.? Silyl enol ethers 4, 5, and 6 were prepared by litera-
ture procedures.® Ether 7 was prepared in a similar manner
from cis-3,5-dimethylcyclohexanone. This ether was con-
taminated with 10% of the trans-3,5-dimethyl isomer 9,

3



