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Lavandulol (1), a constituent of lavender oil,* possesses
an unusual monoterpene skeleton and is used as an
important additive in the perfume industry. This com-
pound has also been isolated as a defensive pheromone
of the red-lined carrion beetle.? Because of its impor-
tance, several syntheses of this compound have been
reported.® However, these have required a complicated
starting material®® or employed reaction of low regio-
selectivity.®f

In this paper, we wish to report on a new and
convenient synthesis of lavandulol (1) by regioselective
alkylation of 3-methyl-2-butenal dimethylhydrazone (3)
with 1-bromo-3-methyl-2-butene and hydrolysis of the
product, 2-isopropenyl-5-methyl-4-hexenal dimethylhy-
drazone (4), with copper dichloride without double bond
migration from S,y to o, (Scheme 1). We also report
additional examples of this mild hydrolysis procedure.

3-Methyl-2-butenal dimethylhydrazone (3) was easily
prepared in 86% yield from 3-methyl-2-butenal (2) and
N,N-dimethylhydrazine by using trifluoroacetic acid as
a catalyst. After deprotonation of the dimethylhydrazone
3 with lithium diisopropylamide (LDA) in THF, the
azaenolate of 3 was alkylated by 1-bromo-3-methyl-2-
butene to give 2-isopropenyl-5-methyl-4-hexenal dimeth-
ylhydrazone (4) in 65% yield.# 2-Isopropenyl-5-methyl-
4-hexenal (5) was obtained from the dimethylhydrazone
4 in 68% yield by hydrolysis in the presence of copper
dichloride.> Reduction of 5 with sodium borohydride gave
lavandulol (1) in 66% yield.

In this synthesis, one of the key steps is the hydrolysis
of the dimethylhydrazone 4. Although a variety of
methods, such as using MMPP (magnesium monoper-
phthalate hexahydrate),® are available for the cleavage

" Dedicated to Prof. Yoshito Kishi on the occasion of his 60th
birthday.
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Table 1. Hydrolysis of Dimethylhydrazone 4
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Entry Condition yield / %*

1 IN-HCI aq., r.t.

2 IN-HCl aq.,0 °C

3 CuCl; aq., r.t.

a |solated yield.
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of ketone dimethylhydrazones,” few are satisfactory when
applied to aldehyde dimethylhydrazones.

We investigated the hydrolysis of 2-isopropenyl-5-
methyl-4-hexenal dimethylhydrazone (3) under various
conditions. Hydrochloric acid, which was previously used
at room temperature in the synthesis of 7h,* caused
double-bond migration from g,y to o,f in the case of 4
(entry 1, Table 1). At O °C (entry 2, Table 1), aldehyde 5
was found from 4 without double bond migration, but the
yield was only 16%. On the other hand, when copper
dichloride was used at room temperature, aldehyde 5 was
obtained in good yield (entry 3, Table 1).

To test the generality of the method, various f,y-
unsaturated aldehyde dimethylhydrazones 6 were ex-
amined (Scheme 2). The results are listed in Table 2.
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Table 2. Hydrolysis of Dimethylhydrazone 6 with CuCl,

Entry  Dimethylhydrazone 6 Aldehyde 7 Yield / %*
Ph 72 56
\H/L/NNMeg \“/(¢O
2 ™ S8
_NNMe; _0
3 Te 63
__NNMe, _0
4 6d I 7d 68
_NNMez _0
5 6e Te 63
_NNMe, _0
6 Ph 6f Pho 7t g
\/(VNNM"‘Z \/ﬁ;o
7 Tg 89
NMe2 _0
l b
8 Th 86 (76)
__NNMe;, _0

alsolated yield. ® Value in parentheses is the yield using
hydrochloric acid.

After workup and purification by flash column chroma-
tography, f,y-unsaturated aldehydes 7 were obtained in
acceptable to good yields without double bond migration
(entries 1-5, Table 2). As shown in entry 8 (Table 2),
the copper dichloride method is more useful than the
hydrochloric acid method even for the hydrolysis of 3,y-
unsaturated aldehyde hydrazones, which have a quater-
nary carbon atom at the a-position.

Experimental Section

General Procedures. 'H and 13C NMR spectra were taken
(at 400 MHz or 60 MHz) in CDClj3 solvent and recorded in parts
per million (ppm, d) downfield from internal tetramethylsilane
(Me4Si). Column chromatography was performed on silica gel
60 (230—400 mesh), and thin-layer chromatography (TLC) was
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performed on silica gel 60 plates Fzs4. THF was dried and
deoxygenated by distillation from potassium—benzophenone
under an argon atmosphere just before use. Copper dichloride
and sodium borohydride were commercial reagents of the highest
available purity. Hydrazones 3, 4, and 6 were prepared accord-
ing to methods reported previously.48

Hydrolysis of Dimethylhydrazone 4 with Hydrochloric
Acid. To a solution of aqueous 1 N HCI (15 mL) was added a
solution of hydrazone 4 (0.97 g, 5.0 mmol) in THF (15 mL) at
room temperature. After being stirred for 8 h at room temper-
ature, the reaction mixture was quenched with saturated
NaHCOs3; (aq), diluted with ether, washed with brine, and dried
over MgSO,. Removal of solvents and column chromatography
gave 2-isopropylidene-5-methyl-4-hexenal (8) (23%, 0.17 g, 1.11
mmol): IR (neat) 1670 (C=0) cm~%; *H NMR (60 Mz, CDCl3) ¢
1.70 (s, 6H), 2.00 (s, 3H), 2.20 (s, 3H), 2.80—3.10 (m, 2H), 4.70—
5.10 (m, 1H), 9.62—9.82 (m, 1H); MS m/z 152 (M*, 74). Anal.
Calcd for C10H160: C, 78.90; H, 10.59. Found: C, 78.67; H,
10.59.

General Procedure for the Hydrolysis of Dimethylhy-
drazones with CuCl,. To a solution of CuCl; (1.1 mmol, 0.15
g) in water (10.0 mL) was added a solution of hydrazone 4 or 6
(1.0 mmol) in THF (15 mL) at room temperature. After being
stirred for 2.5 h at room temperature, the reaction mixture was
quenched with aqueous 3 N NH,OH, diluted with ethyl acetate,
washed with brine, and dried over MgSO,4. Removal of the
solvents and column chromatography gave the pure aldehyde 5
or7.

2-1sopropenyl-5-methyl-4-hexenal (5): IR (neat) 1742
(C=0) cm~%; *H NMR (60 Mz, CDCl3) 6 1.52 (s, 3H), 1.68 (s,
3H), 1.75 (s, 3H), 2.10—2.61 (m, 2H), 2.82—2.89 (m, 1H), 4.89
(s, 1H), 4.90—-5.25 (m, 2H), 9.48 (s, 1H); 3C NMR (100 Mz,
CDCl3) 6 17.88, 21.27, 25.74, 25.99, 60.69, 115.34, 120.64, 133.67,
140.27, 201.26; MS m/z 152 (M*, 12). Anal. Calcd for C1oH160:
C, 78.90; H, 10.59. Found: C, 79.04; H, 10.74.

2-Benzyl-3-methyl-2-hexenal (7a): IR (neat) 1722 (C=0)
cm~% 'H NMR (60 Mz, CDClg) 6 1.70 (s, 3H), 2.63—3.08 (m, 1H),
3.10—3.42 (m, 2H), 4.78 (s, 1H), 5.08 (s, 1H), 7.02—7.44 (br, 5H),
9.52 (s, 1H); 3C NMR (100 Mz, CDCl3) ¢ 21.36, 33.42, 62.03,
116.16, 126.31, 128.43, 128.84, 139.05, 139.74, 200.19; MS m/z
174 (M*, 10). Anal. Calcd for C;2H140: C, 82.72; H, 8.10.
Found: C, 82.58; H, 8.10.

Lavandulol (1). To a solution of aldehyde 5 (1.0 mmol, 0.152
g) in 10.0 mL of EtOH was added a solution of sodium
borohydride (0.50 mmol, 0.02 g) in 1.0 mL of EtOH at room
temperature. After 4 h, the reaction mixture was quenched with
water, diluted with ethyl acetate, washed with brine, and dried
over MgSQO,. After removal of the solvent, the residue was
purified by silica gel column chromatography to give lavandulol
(1) (0.66 mmol, 0.10 g, 66%): IR (neat) 3370 (OH) cm~%; H NMR
(60 Mz, CDCls) 6 1.52 (br, 1H), 1.62 (s, 3H), 1.75 (s, 6H), 1.92—
2.48 (m, 3H), 3.45—3.63 (m, 1H), 4.83 (s, 1H), 4.94 (s, 1H); MS
m/z 136 (M™ — H;0, 8); TMS ether MS m/z 226 (M™*, 23).

Registry numbers provided by the author: 1,
1845-51-8; 3, 16713-48-7; 4, 119045-78-2; 5, 75697-98-2;
7a, 66730-46-9; 7f, 68620-37-1; 7h, 119045-67-9; 8, 3304-
28-7.

Supporting Information Available: Characterization
data of compounds 7b—h and copy of 3C NMR spectra of 7f
(3 pages). This material is contained in libraries on microfiche,
immediately follows this article in the microfilm version of the
journal, and can be ordered from the ACS; see any current
masthead page for ordering information.
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