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A Practical and Convenient Synthesis of Hotrienol, an Excellent
Fruity Smelling Compound

Y OSHIFUMI YUASA* AND Y ASUSHI KATO

Technical Engineering Department, Fine Chemical Division, Takasago International Corporation,
1-5-1 Nishiyawata, Hiratsuka, Kanagawa, 254-0073, Japan

The practical and convenient synthesis of hotrienol, which is an excellent fruity smelling compound,
has been performed by the ene-type chlorination of linalyl acetate and then dehydrochlorinated by
lithium bromide and lithium carbonate in DMF, followed by hydrolysis in three steps with an overall
yield of 55%.

KEYWORDS: Hotrienol; linalool; linalyl acetate; 6-chloro-3,7-dimethyl-1,7-octadien-3-yl acetate; 3,7-
dimethyl-1,5( E),7-octatrien-3-yl acetate; ene-type chlorination; dehydrochlorination; hydrolysis;

INTRODUCTION

Hotrienol, 3,7-dimethyl-1,%),7-octatrien-3-ol 1) (Figure 1),
occurs as the 3S-(+)-enantiomorph in Ho leaf d)l, (vhile the
R-enantiomorph has been isolated from tea, both black (2) and
green (3). Before it had been reported as a natural product,
Matsuura et al. had prepared it from one of the photooxidation
products of 3R-(—)-linalool (4). On the other hand, Nakatani et

al. also started fronR-linalyl acetate (2a), followed by the
treatment ofN-bromosuccimide, dehydrobromination by di-
ethylaniline, and then hydrolysis to giveR%1 (2), however,

the experimental workup was not reported in detail. Other

synthetic methods for the preparationlohave been reported
by many groups up to nows(-11). Recently,l was reported
to contribute to the grape-like smelling compouri@,(13).

(1
Figure 1. The structure of hotrienol.

in 0 (ppm). The IR spectra were obtained using a Nicolet Avatar 360

FT-IR. The mass spectra (electronic impact) were obtained with a
Hitachi M-80A mass spectrometer. The GC analysis used a Shimadzu
GC-17A with an FID detector (column, Neutrabond-1=d0.15um,

0.25 mm ID x 30m; carrier gas B 0.1MPa, oven temperature, 00

The previously reported methods are considered unsuitable200°C programmed at Z0min; injection temperature, 23, detector
for economic and large scale production, because the total yieldstemperature, 230C).
are low and expensive reagents and/or available starting General Procedure of Linalyl Acylate (2). To a 300-mL, four-
materials are used. To develop the practical synthesls v necked, round-bottomed flask equipped with a mechanical stirrer, a
have studied a new procedure, and we now report a practicalreﬂux condenser, a t_hermometer and a pressure-equalizing dropping
synthetic route of, which is an efficient, safe, and cost-effective funnel, was added hrlalool (270 mmol) in THF (100 mL). To the

. . . - mixture, stirred at-20 °C, was added, dropwise, a 1.6 M solution of

process. Thus] was obFaln(_ed n thr_ee steps with a 900‘?‘ yield n-BuLi in hexane (170 mL) over 30 min. The reaction mixture was
by the eng—type chlorination of linalyl acylaté)(to_ glvg stirred at room temperature for 1.5 h cooled+20 °C, and then acyl
y-chloro-celinalyl acylate @) and then dehydrochlorination with  chjoride (270 mmol) was added. The reaction mixture was stirred at
lithium bromide and lithium carbonate in DMF, followed by  room temperature for 3 h and concentrated under reduced pressure. To
hydrolysis of dehydro-a-linalyl acylate (4). the residue, EtOAc (150 mL) and water (150 mL) were added, and the
organic layer was separated and washed twice with 10% NaCl solutions.
The solvent was removed under vacuum, and the product was distilled
under reduced pressure to give (2).

Chemicals. All reagents and solvents were obtained from Sigma- Linalyl Propionate (2b). The product was recovered as an oil (44.8
Aldrich Japan, Inc. (Tokyo, Japan), Wako Pure Chemical Industries, g, 79%). The purity was 98% by GC. Bp. 662 °C/0.3 Torr; IR-
Ltd. (Tokyo, Japan), and Nacalai Tesque (Kyoto, Japan) and used (neat) 3090, 2975, 1736, 1644, 1458 ¢mH NMR 1.11 (t,J = 7.6
without further purification. Hz, 3H), 1.54, 1.58, and 1.67 (each s, 3H), 11379 (m, 1H), 1.84

Instruments. Boiling points are given as uncorrected values. The 1.90 (m, 1H), 1.94—1.99 (m, 2H), 2.28 (4,= 7.6, 15.2 Hz, 2H),
NMR spectra were obtained with a Bruker DRX-500. Thieand3C 5.08—5.17 (m, 3H), 5.97(dd] = 7.6, 17.6 Hz, 1H)23C NMR 9.14
NMR spectra were measured at 500 and 125 MHz, respectively, in (CHs), 17.46 (CH), 22.28 (CH), 25.57 (CH), 28.52 (CH), 39.68
CDCls, with TMS as the internal standard. The chemical shifts are given (CH,), 82.50 (C), 112.90 (C), 123.80 (CH), 131.64 (C), 141.91 (CH),
173.19 (C=0); MSM/z210 (2) (M"), 195 (1), 183 (1), 165 (11), 154

*To whom correspondence should be addressed. Tel: 81-(0)463-21- (3), 136 (8), 121 (30), 107 (9), 93 (100), 80 (29), 69 (22), 57 (31), 41
7150. Fax: 81-(0)463-21-7413. E-mail: yoshifumi_yuasa@takasago.com. (19), 29 (10).
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Synthesis of Hotrienol

Linalyl Isobutyrate (2c). The product was recovered as an oil (46
g, 76%). The purity was 99% by GC. Bp. 689 °C/0.3 Torr; IR-
(neat) 3087, 2973, 2932, 1733, 1644, 1468 tmH NMR 1.15 (t,J
= 7 Hz, 3H), 1.53, 1.59, and 1.67 (each s, 3H), £1Z78 (m, 1H),
1.85-1.95 (m, 1H), 1.962.00 (m, 2H), 2.46:2.52 (m, 1H), 5.08
5.17 (m, 3H), 5.95 (dd) = 11, 17.5 Hz, 1H)}C NMR 17.48 (CH),
18.99 (CH x 2), 22.27 (CH)), 23.63 (CH), 25.60 (CH), 34.81 (CH),
39.79 (CH) 82.27 (C), 112.85 (Ch), 123.83 (CH), 131.69 (C), 141.98
(CH), 175.82 (C=0); MSn/z224 (2) (M*), 209 (1), 197(1), 181 (1),
154 (2), 136 (8), 121 (7), 107 (7), 93 (100), 80 (27), 69 (26), 57 (8),
43 (24), 41 (20), 27 (3).

Linalyl Benzoate (2d). The product was recovered as an oil (43.2
g, 62%). The purity was 95% by GC. Bp. 12012 °C/0.3 Torr; IR-
(neat) 3085, 2970, 2727, 1718, 1643, 1601, 1451'cti NMR 1.59,
1.65, and 1.69 (each s, 3H), 1:89.94 (m, 1H), 1.97—-2.11 (m, 3H),
5.12—-5.28 (m, 3H), 6.09 (dd] = 11, 17.5 Hz, 1H), 7.397.50 (m,
2H), 7.51—7.54 (m, 1H), 8.018.02 (m, 2H);*3C NMR 17.52 (CH),
22.42 (CH), 23.71 (CH), 25.57 (CH), 40.01 (CH), 83.46 (C), 113.22
(CHy), 123.78 (CH), 128.18 (CH), 129.40 (CK 2), 131.59 (C), 131.69
(C), 132.50 (CHx 2), 141.81 (CH), 165.16 (€0); MS m/z258 (2)
(M), 243 (1), 229 (1), 215 (1), 207 (1), 189 (2), 175 (2), 153 (2), 136
(9), 121 (21), 105 (100), 93 (97), 77 (29), 69 (15), 51 (9), 41 (16), 27
3).

General Procedure for the Preparation of 6-Chloro-3,7-dimethyl-
1,7-octadien-3-yl Acylate (3) by Ene-Type ChlorinationTo a 200-
mL, four-necked, round-bottomed flask equipped with a mechanical
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(diastereomer mixture) 1.15 (d,= 7 Hz, 3H), 1.54 and 1.79 (each s,
3H), 1.67—2.02 (m, 4H), 1.79 (s, 3H), 2.42.53 (m, 1H), 4.324.35
(m, 1H), 4.91 and 5.01 (each brs, 1H), 5819 (m, 2H), 5.87—5.95
(m, 1H); 3C NMR (diastereomer mixture) 16.77 (GK116.78 (CH),
18.96 (CH x 2), 23.75 (CH), 23.90 (CH), 30.69 (CH), 30.72 (CH),
34.72 (CH), 34.75 (CH), 36.98 (C) 66.48 (CH), 66.55 (CH), 81.62
(C), 81.75 (C), 113.32 (Ch), 113.37 (CH), 114.39 (CH), 114.45
(CH,), 141.37 (CH), 141.52 (CH), 143.91 (C), 143.96 (C), 175.73(C
0), 175.74(C=0); MSn/z258 (1), (M"), 223 (11), 215 (1), 207 (2),
197 (1), 188 (2), 179 (2), 171 (2), 155 (4), 143 (15), 135 (71), 127 (3),
119 (14), 107 (43), 93 (46), 81 (58), 71 (100), 55 (28), 43 (69), 27 (8).
6-Chloro-3,7-dimethyl-1,7-octadien-3-yl Benzoate (3d)he prod-
uct was recovered as an oil (8.7 g, 80%) from linalyl benz@alt€9.5
g, 37 mmol). The purity was 92% by GC. Bp. £3538°C/0.6 Torr;
IR(neat) 3087, 2975, 1717, 1646 1601, 1584, 145T%criiH NMR
(diastereomer mixture); 1.69, 1.70, and 1.79 (each s, 3H), 286
(m, 4H), 4.36-4.40 (m, 1H), 4.91, and 5.03 (each brs, 1H), 519
5.23 (m, 1H), 5.25:5.31 (m, 1H), 6.0+6.10 (m, 1H), 7.09-7.46 (m,
2H), 7.52—7.56 (m, 1H), 7.998.01 (m, 2H);3C NMR (diastereomer
mixture) 16.85 (CH), 23.87 (CH), 23.94 (CH), 30.79 (CH), 30.81
(CHp), 37.20 (CH), 37.23 (CH), 66.48 (CH), 66.56 (CH), 82.84 (C),
82.97 (C), 113.73 (Ch), 113.77 (CH), 114.48 (CH), 114.53 (CH),
128.21 (CHx 2), 128.26 (CHx 2), 129.38 (CHx 2), 129.51 (CHx
2), 132.70 (CH), 141.24 (CH), 141.33 (CH), 143.86 (C), 143.92 (C),
165.09 (G=0); MS m/z257 (13), (M"-35), 207 (2), 188 (2), 170 (2),
155 (2), 135 (37), 119 (9), 105 (100), 93 (20), 77 (45), 68 (20), 53

stirrer, a reflux condenser, a thermometer and a pressure-equalizing(13), 41 (11).

dropping funnel were added linalyl acylate (50 mmol) inCH (50
mL), 60% calcium hypochlorite (5.8 g, 25 mmol), and boric acid (6.2
g, 100 mmol). To the mixture, stirred at&, water (10 mL) was added

General Procedure for the Preparation of 3,7-Dimethyl-1,5E),7-
octatrien-3-yl Acylate (4) by Dehydrochlorination. To a 200-mL,
four-necked, round-bottomed flask equipped with a mechanical stirrer,

dropwise over 3.5 h. The reaction mixture was stirred at the same a reflux condenser and a thermometer were adigdl6 g, 35 mmol)

temperature for 1 h, and then sodium sulfide (2.5 g, 19.9 mol) was in DMF (70 mL), lithium carbonate (6.46 g, 87.5 mmol), and lithium
added. The inorganic salt was filtered off, and the organic layer was bromide (11.7 g, 52.5 mmol). The reaction mixture was stirred at 130
separated and washed twice with 10% NacCl solutions. The solvent was°C for 2 h. The conversion and selectivity were 98% and 78%,

removed under vacuum, and the product was distilled under reducedrespectively. The vessel was cooled to © and then DMF was

pressure to give.

6-Chloro-3,7-dimethyl-1,7-octadien-3-yl Acetate (3ajThe product
was recovered as an oil (10.1 g, 88%) from linalyl ace2#€9.8 g,
50 mmol). The purity was 94% by GC. From 1500 gaa, 1545 g
(88%) of 3a was obtained, by a scale-up proceduce. The purity was
92% by GC. Bp. 69-72°C/0.3 Torr; IR(neat) 3084, 2977, 1738, 1646,
1450, 1371 cmt; *H NMR (diastereomer mixture) 1.53 and 1.55 (each
s, 3H), 1.63-1.70 (m, 1H), 1.771.87 (m, 2H), 1.78 (s, 3H), 1.90
1.97 (m, 1H), 1.99 (s, 3H), 4.31 (3, = 7.4 Hz, 1H), 4.88 and 4.99
(each brs, 1H), 5.10—5.16 (m, 2H), 5.91 (dt= 11.3, 17.5 Hz, 1H);
13C NMR (diastereomer mixture) 16.75 (GKl 16.77 (CH), 20.04
(CHg), 22.04 (CH), 23.62 (CH), 23.74 (CH), 30.69 (CH), 30.72
(CHy), 37.00 (CH), 37.02 (CH), 66.47 (CH), 66.54 (CH), 82.15 (C),
82.27 (C), 113.47 (Ch), 113.52 (CH), 114.41 (CH), 114.46 (CH),
141.16 (CH), 141.30 (CH), 143.88 (C), 143.92 (C), 169.73-(W);
MS m/z230 (1) (M"), 195 (10), 171 (2), 153 (14), 135 (22), 121 (31),
107 (29), 93 (100), 80 (61), 67 (49), 55 (24), 43 (84).

6-Chloro-3,7-dimethyl-1,7-octadien-3-yl Propionate (3b).The
product was recovered as an oil (10.6 g, 87%) from linalyl propionate
2b (10 g, 50 mmol). The purity was 94% by GC. Bp.-857 °C/1
Torr; IR(neat) 3085, 2979, 2943, 1738, 1645, 1460 &mH NMR
(diastereomer mixture) 1.11 d,= 7.5 Hz, 3H), 1.65 and 1.66 (each
s, 3H), 1.68—2.00 (m, 4H), 1.79 (s, 3H), 2.29 @= 8.5, 15.1 Hz,
2H), 4.32—4.35 (m, 1H), 4.91 and 5.01 (each brs, 1H), 5329 (m,
2H), 5.89-5.97 (m, 1H);*3C NMR (diastereomer mixture) 9.15 (GHl
16.79 (CH), 16.80 (CH), 23.72 (CH), 23.85 (CH), 28.49 (CH), 28.51
(CHy), 30.73 (CH), 30.76 (CH), 37.06 (CH), 37.07 (CH), 66.53 (CH),
66.60 (CH), 81.90 (C), 82.03 (C), 113.44 (9HL13.49 (CH), 114.45
(CHyp), 114.50 (CH), 141.32 (CH), 141.48 (CH), 143.92 (C), 143.97
(C), 173.18 (C=0); MSn/z215(1) (M" — 29), 209(6), 170 (2), 155
(4), 141 (6), 135 (42), 127 (21), 119 (13), 107 (30), 93 (32), 81 (47),
68 (43), 57 (100), 41 (17), 29 (17).

6-Chloro-3,7-dimethyl-1,7-octadien-3-yl 2-Methylpropionate (3c).
The product was recovered as an oil (11 g, 85%) from linalyl isobutyrate
2c¢(11.2 g, 50 mmol). The purity was 95% by GC. Bp.-936 °C/0.6
Torr; IR(neat) 3083, 2975, 2938, 1733, 1640, 1468 £mMH NMR

recovered under vacuum. Toluene (100 mL) and water (100 mL) were
added to the residue. The organic layer was washed with water (100
mL) and then 10% NacCl solution (100 mL). The solvent was recovered
under vacuum, and the product was distilled under reduced pressure
to give 4.

3,7-Dimethyl-1,5(B),7-octatrien-3-yl Acetate (4a).The product was
recovered as an oil (4.9 g, 73%) frada (8.1 g). The purity was 94%
by GC. 725 g (73%) ofiawas obtained from 1200 g &a by a scale-
up proceduce. The purity were 93% by GC. Bp.480.4 Torr. IR
(neat) 3084, 2977, 2940, 1738, 1645, 1609, 1437'cAid NMR 1.44
and 1.76 (each s, 3H) 1.92 (s, 3H), 28160 (m, 2H), 4.89 (brs, 2H),
5.06 (d,J = 11 Hz, 1H), 5.09 (dJ = 16.2 Hz, 1H), 5.49 (dt) = 7.4,
15.6 Hz, 1H), 5.94 (ddJ = 11, 17.5 Hz, 1H), 6.09 (dJ = 15.6 Hz,
1H); 13C NMR 18.54 (CH), 22.04 (CH), 23.55 (CH), 42.72 (CH),
82.42 (C), 113.43 (Ch), 115.26 (CH), 124.19 (CH), 136.43 (CH),
141.47 (CH), 141.73 (C), 169.83 £@D); MS m/z194 (1) (M"), 151
(1), 134 (51), 119 (76), 113 (7), 105 (17), 91 (45), 71 (100), 55 (94),
43 (94).

3,7-Dimethyl-1,5E), 7-octatrien-3-yl Propionate (4b).The product
was recovered as an oil (4.8 g, 71%) fr&m (8.0 g, 32.7 mmol). The
purity was 94% by GC. Bp. 52—54C/0.3 Torr. IR (neat) 3084, 2979,
2941, 1737, 1645, 1609, 1460 cin'H NMR 1.09 (t,J = 7.6 Hz,
3H), 1.52 and 1.82 (each s, 3H), 2.26 Jgs 7.6, 15.6 Hz, 2H), 2.59
2.68 (m, 2H), 4.89 (brs, 2H), 5.14 (dd= 1.1, 10 Hz, 1H), 5.17 (dd,
J=1.1, 20.4 Hz, 1H), 5.57 (dt] = 7.6, 15.6 Hz, 1H), 6.01 (dd] =
10.9, 17.5 Hz, 1H), 6.17 (d} = 15.6 Hz, 1H);**C NMR 9.15 (CH),
18.54 (CH), 23.67 (CH), 28.55 (CH), 42.68 (CH), 82.10 (C), 113.34
(CHy), 115.22 (CH), 124.25 (CH), 136.40 (CH), 141.63 (CH), 141.74
(C), 173.21 (C=0). MSn/z208 (1), (M"), 179 (1), 165 (1), 151 (1),
140 (6), 134 (53), 127 (15), 119 (74), 105 (17), 91 (32), 79 (23), 71
(17), 57 (100), 41 (4), 29 (13).

3,7-Dimethyl-1,5(B),7-octatrien-3-yl 2-Methylpropionate (4c).The
product was recovered as an oil (5.4 g, 69%) frBm(9.0 g). The
purity was 93% by GC. Bp. 63—6%C/0.2 Torr. IR (neat) 3084, 2974,
2937, 1735, 1646, 1610, 1469 cin'H NMR 1.12 (d,J = 7.4 Hz,
3H), 1.52 and 1.82 (each s, 3H), 2:42.50 (m, 1H), 2.65 (dJ = 7.4
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Hz, 2H), 4.89 (brs, 2H), 5.14 (dd,= 19 Hz, 1H), 5.17 (dJ = 24.9
Hz, 1H), 5.57 (dtJ = 7.4, 15.6 Hz, 1H), 5.99 (dd] = 11, 17.5 Hz,
1H), 6.17 (d,J = 15.6 Hz, 1H);33C NMR 18.55 (CH), 18.95 (CH x
2), 23.82 (CH), 34.77 (CH), 42.57 (C}J, 81.82 (C), 113.24 (C}),
115.22 (CH), 124.28 (CH), 136.42 (CH), 141.74 (CH), 141.75 (C),
175.80 (C=0). M9M/z222 (1), (M%), 179 (1), 154 (4), 141 (8), 134
(44), 119 (64), 107 (15), 91 (26), 79 (21), 71 (100), 55 (21), 43 (66).

3,7-Dimethyl-1,5(E), 7-octatrien-3-yl Benzoate (4d)The product
was recovered as an oil (3.8 g, 65%) fr@u (6.8 g, 23.2 mmol). The
purity was 93% by GC. Bp. 162105 °C/0.1 Torr. IR (neat) 3085,
2974, 2938, 1718, 1646, 1603, 1451 ¢m'H NMR 1.68 and 1.79
(each s, 3H), 2.742.85 (m, 2H), 4.89 (s, 2H), 5.22 (d,= 25.3 Hz,
1H), 5.25 (d,J = 31.9 Hz, 1H), 5.66 (dt) = 7.5, 15.6 Hz, 1H), 6.14
(dd,J=10.9, 17.5 Hz, 1H), 6.24 (d,= 15.6 Hz, 1H), 7.46-7.43 (m,
2H), 7.51—7.54 (m, 1H), 7.998.01 (m, 2H);:*C NMR 18.57 (CHj),
23.53 (CH), 43.41 (CH), 83.03 (C), 113.72 (Ch), 115.33 (CH),
124.24 (CH), 128.24 (Ckk 2), 129.38 (CHx 2), 131.49 (C), 132.56
(CH), 136.69 (CH), 141.42 (CH), 141.73 (C), 165.20 (C), 175.8&(C
0). MSm/z188 (1), 175 (2), 134 (15), 119 (19), 105 (100), 91 (7), 77
(28), 65 (3), 51 (6), 41 (5).

Scale-Up Procedure for the Preparation of 3,7-Dimethyl-1,%),7-
octatrien-3-ol (1). To a 3-L, four-necked, round-bottomed flask

Yuasa and Kato

Scheme 1. The synthesis of hotrienol from linalyl acylate

OH OCOR OCOR
] a [ b
)

Linalool

{2a-d) (3a—d)
el
OGOR OH
4 3 2
[ | d
—_— . —_— IR 1 "
a; CHy
AN 6 b; CHs
7 ¢; FCsHy
d; CgHs
10 8
[§)]

(4a—d)

Reagents: (a) n-BuLi, RCOCI, THF, =20 °C ~room temperature. 4.5 h,
62-79%. (b) 60% Ca(ClO),, H3BOs, CH,Cl,—H.0, 5 °C, 4.5 h, 80-88%. (c)
Li,COs, LiBr, DMF, 130 °C, 2 h, 65-73%. (d) 10% NaOH-MeOH/H,0, 20-30

equipped with a mechanical stirrer, a reflux condenser, a thermometer°C, 6 h, 84-88%.

and a pressure-equalizing dropping funnel was adbe®90 g, 2.3
mol). To the flask, stirred at 2630 °C, was added dropwise 10% NaOH
in 50% MeOH aqueous solution (1012 g) over 1 h and stirred for 5 h.

The conversion and selectivity were 100 and 95%, respectively. The
vessel was cooled to room temperature and acetic acid (20.72 g, 0.35
mol) was added and concentrated under vaccum. To the residue, EtOAc
(500 mL) and water (500 mL) were added, and the organic layer was

separated. The aqueous layer was extracted with EtOAc (506« mL
2). The combined organic layer was washed with 5% Nakl(00
mL) and 5% NaCl solution (200 mL), and then concentrated under
vacuum to give crudé (396 g). Compound was purified by using a
five theoretical plate column distillation with helipac No. 3, to give
306.3 g (85%) with 98% purity by GC. Bp. 4516 °C/0.6 Torr. (Lit.
80—84°C/15 Torr; @), 85-90°C/5—7 Torr; (7)). IR (neat) 3417, 2974,
2927, 1609, 1645, 1454, 1372 cin'H NMR 1.28 (s, 3H, 9— CHy),
1.65 (s, 1H, OH), 1.83 (s, 3H, 18 CHy), 2.31 (dd,J = 7, 13.7 Hz,
1H, 4— CHy), 2.37 (ddJ =7, 13.7 Hz, 1H, 4- CH,), 4.91 (brs, 2H,

8 — CHy), 5.06 (dd,J = 1.3, 10.7 Hz, 1H, 1- CH,), 5.21 (dd,J =

1.3, 17.3 Hz, 1H, 1= CH,), 5.62 (dt,J = 8, 15.6 Hz, 1H, 5- CH),
5.94 (dd,J = 10.7, 17.3 Hz, 1H, 2- CH), 6.21 (d,J = 15.6 Hz, 1H,

6 — CH); 1°*C NMR 18.59 (CH, C — 10), 27.40 (CH, C —9), 45.73
(CH,, C — 4), 72.76 (C, C— 3), 111.92 (CH, C — 1), 115.49 (CHj,

C — 8), 124.89 (CH, G- 5), 136.90 (CH, G- 6), 141.70 (C, G- 7),
144.73 (CH, C- 2). MSm/z152 (1), (M%), 137 (2), 119 (4), 107 (2),
91 (2), 82 (75), 71(100), 67 (32), 55 (32), 53 (10), 43 (42), 41 (43), 39
(11), 27 (8).

RESULTS AND DISCUSSION

Hotrienol (1) was synthesized via the route showrSicheme
1. The linalyl acetateda) was of a commercial grade. The other
linalyl acylates, propionate2b), isobutyrateZc), and benzoate
(2d) were prepared by the acylation of linalool, usimd@uLi
and the corresponding acyl chloride. Thus, to the THF solution
of linalool was added 1.6 mole-BuLi solution in hexane at
—20 °C, and then acyl chloride was added to gRle 2c, and
2d, in 79, 76, and 62% vyield, respectively.

The ene-type chlorination of terpenes is well-knowA, (15,
and that for linalyl acetate2@) has already been reporteld (-
18). We tried this ene-type chlorination 8& using Ca(OCh

Table 1. The Ene-Type Chlorination of 2a, Using Ca(OCl), and a
Variety of Acids

acid conversion® (%) yield of 3a (%)
H3BO3 2 100 88
AcOH? 99 85
CO;y(dry ice) 98 81

27.8 Mol equiv for 2a was used. ° The conversion was measured by GC.

Table 2. The Ene-Type Chlorination Results of 3, Using Ca(OCl), and
H3BO;

3 R yield (%)
a CHs 88
b CoHs 87
c i-CaHr 85
d CeHs 80

> XK

(8
Figure 2. The structure of the by-product in dehydrochlorination.

and 13C NMR. The yield of 8b—d) in this chlorination are
shown inTable 2.

In this ene-reaction using linalool, 2-methyl-2-vinyl-5-iso-
propenyl tetrahydrofuran5j was primarily produced as the
major byproduct on the basis of GC-MS. Compournid a well-
known compound (Figure 2)109).

Next, we investigated the dehydrochlorinatiorBaf accord-
ing to the conventional metho@@ and refs therein). Various
bases were examined, and the best yielddal) (vas obtained
when using LiF and LICO; in DMF (Table 3). Furthermore,
the different lithium halides were examined (Table 4), and the
best result was obtained in the case using LiBr. For the treatment

and some additive acids and the best yield was obtained in aof (3b—d) under similar conditions, the yields oti{—d) are

case of using EBOs as the acid (shown ifiable 1). Thus, the
ene-type chlorination oRa was carried out in CkCl,—H,O
solution at 5°C for 5 h, to givey-chloro-a-linalyl acetate (3a)
in 88% isolated yield with 94% purity by distillatioriT@ble
1). The distillate3a was found to be a diastereomixture by GC

shown inTable 5.

The hydrolysis o4 by NaOH afforded Hotrienol in good
yield (Table 6). The scale-up production was carried out using
2aas the starting material (see Materials and Methods), because
2ais a commercially available and more cost-effective material.
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Table 3. The Dehydrochlorination of 3a, Using a Variety of Bases? (5) Kitahara, T.; Takagi, Y.; Matsui, M. Structure and the synthesis
of novel constituents of yudzu peel oil and their conversion to
base solvent yield of 4a (%) related monoterpenefgr. Biol. Chem.1980,44, 897—901.
NaOH MeOH 0 (6) Bohlmann, F.; Kérnig, D. Naturally occurring terpene derivatives.
NaH EtOH-toluene 0 XXXVIII. Synthesis of coumarin-terpene€hem. Ber.1974
DBU toluene 20 107, 1780—1783.
LiF/Li,COs DMF 65 (7) Vig. O. P.; Sharma, S. D.; Rana, S. S.; Bari, S. S. Tepenoids:
LiF/L,COs DMSO 2 Part CXX. Synthesis of{)-trans-hotrienol and-()-tagetonol.
a Reaction conditions were carried out according to the literature (20) Indian J. Chem., Sect. B: Org. Chem. Incl. Med. Cheave,
9 ' 14B, 562—563.
o ) . ) (8) Guittet, E.; Juli, S. A simple synthesis of 3,7-dimethylocta-1,5-
Table 4. The Dehydrochlorination of 3a, Using Some Lithium Halides? (E),7-trien-3-ol (E-hotrienol)Synth. Commun979,9, 317—
Lix solvent time () yield of 4a (%) 323.

(9) Moissenkov, M. A.; Czeskis, A. B.; Semenovsky, V. A. Synthesis

l[:(F:I gm:z g gg of (+)-Hotrienol and (+)-Santolina alcohol via cyclopropenes.
Ligr DME 2 73 J. Chem. Soc., Chem. Commu®882, 109—110.

(10) Schulz, S.; Steffensky, M.; Roisin, Y. Identification and synthesis
of elymniafuran, a new monoterpene from the butterfly elymnias
thryallis. Liebigs Ann.1996, 941—946.

(11) Bohmer, J.; Hampel, F.; Schobert, R. Regioselective synthesis
of subsituted (B)-1,3-dienes from chelated allyl-ironcarbene
complexes and potassium enoxyborat@mthesis 997, 661—

@ Reaction conditions: 1.5 equivalent moles of LiX and 2.5 equivalent moles of
Li,CO;3 for 3a. reaction temperature: 130 °C.

Table 5. The Dehydrochlorination Results of 4, Using LiBr/Li,COs

4 R yield (%) 667.

a CHs 73 (12) Hashimoto, S.; Sakota, Y.; Hayashi, S.; Ueyama, Y.; Giga, T.
b CoHs 71 Perfume compositions containing dimethyloctarienol optical
c i-CsH7 69 isomers. Japan Pat. 2000—192073hem. Abst.2000, 133,

d CeHs 65 94306u.

(13) Girard. B.; Fukumoto, L.; Mazza, G.; Delaquis, P.; Ewert, B.
. ] Volatile terpene constituents in maturing gewdrtzraminer grapes
Table 6. The Yields of 1 by the Hydrolysis of 4 from british columbiaAm. J. Enol. Vitic.2002,53, 99-109.

(14) Hegde, G. S.; Vogel, K. M.; Saddler, J.; Hrinyo, T.; Rockwill,

i (")
4 R yield of 1 (%) N.; Haynes, R.; Oliver, M.; Wolinsky, J. The reaction of
E gH:I Sg hypochlorous acid with olefins. A convenient synthesis of allyl
c i_ésﬁh 81 chlorides.Tetrahedron Lett1980,21, 441—444.
d CeHs 38 (15) Miyakoshi, T.; Takazawa, H.; Hagimoto, M. Synthesis of
terpenoids such as geraniol and farnesol by cross coupling
reactions.Yukagakul990, 39, 83-89.
ACKNOWLEDGMENT (16) Torii, S.; Uneyama, K.; Nakai, T.; Yasuda, T. An electrochemical
chlorinative ene-type reaction of isoprenoidietrahedron Lett.
We are grateful to the reviewer for drawing our attention to 1981,22, 2291—-2294.
more recent references concerning the grape-like scent of (17) Sato, W.; Ikeda, N.; Yamamoto, H. An effective chlorination of
Hotrienol. olefins bytert-butyl hypochlorite Chemistry Lett1982, 141—
142.
LITERATURE CITED (18) Torii, S.; Tanaka, H.; Tada, N.; Nagao, S.; Sasaoka, M. Ene-
type chlorination of olefins with dichlorine monoxid€hem.
(1) Yoshida, T.; Muraki S.; Kawamura, H.; Komatsu, A. Minor Lett. 1984, 877—880.
constituents of Japanese ho-leaf 8igr. Biol. Chem1969,33, (19) Ohloff, G.; Schulte-Elte, K. H.; Willhalm, B. Preparation of
343_35_2- o ) tetrahydropyran and tetrahydrofuran derivatives from 1,7- and
(2) Nakatani, Y.; Sato, S.; Yamanishi, T. 38)3,7-Dimethyl-1,5,7- 1,6-alkyldiols by dehydration in allyl positiofiely. Chem. Acta
octatriene-3-ol in the essential oil of black téar. Biol. Chem. 1964.47, 602—626.

1969,33, 967—968.
(3) Yamanishi, T.; Nose, M.; Nakatani, Y. Studies on the flavor of
green tea part VIII. Further investigation of flavor constituents
in manufactured green teAgr. Biol. Chem.1970, 34, 599—
608. Received for review January 15, 2003. Revised manuscript received
(4) Matsuura, T.; Butsugan, Y. Derivation of the photohydroperoxide \arch 28, 2003. Accepted March 30, 2003.
of linalool to various terpene compoundéppon Kagaku Zasshi
1968,89, 513—-516. JF0300310

(20) Larock, C. R. Comprehensive organic transformations. VCH:
1989, pp 131-132.




