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The enantiomers of rotundial (1), a mosquito repellent from
the leaves of Vitex rotundiforia, were synthesized from the

enantiomers of limonene oxide (2). The absolute configura-
tion of natural rotundial was determined to be R.

Vitex rotundiforia has been used as a medicinal plant for
a long time!'l. It has also been reported that its leaves and
twigs can be used for repelling mosquitos!?. In 1995, Wa-
tanabe et al. isolated and identified a degraded monoter-
pene dialdehyde, rotundial (1), as a new natural mosquito
repellent from V. rotundiforia®™. They reported that the
mosquito repelling activity of rotundial was superior to that
of N,N-diethyl-m-toluamide (Deet”), the active ingredient
in almost all the commercial insect-repellent formulations.
By comparing the optical rotation of rotundiol (12, derived
from natural 1) with that of dehydroiridodiol or isodehy-
droiridodiol, they deduced the absolute configuration of
natural rotundial to be RPl. To confirm the absolute con-
figuration of natural 1, we undertook a project to synthe-
size both the enantiomers of 1. Here, we describe the first
synthesis of the enantiomers of 1.

Our retrosynthetic analysis of 1 is shown in Scheme 1.
The target compound 1 is obtained by oxidation of A,
which is prepared from B. The key intermediate B is obtain-
able from C by the ring-opening-closure procedure that has
been often used in terpenoid synthesisll®l. The intermedi-
ate C is synthesized by starting from (S)-limonene oxide (D)
which is commercially available as the epoxidation product
of (S)-limonene (2).

Scheme 2 summarizes the synthesis of the enantiomers
of 1. (S)-Limonene oxide (3, > 99% e.e., diastereomeric mix-
ture) was converted into the ketone (45)-4°! by ozonolysis
followed by reductive workup in 73% yield. The kinetic en-
olate of (45)-4, which was generated with lithium diisopro-
pylamide (LDA), was treated with N-phenyltrifluorometh-
anesulfonimide (PhNTf,) to give the corresponding enol
triflate (45)-5 in 66% yield. Reduction of triflate (45)-5 with
tributyltin hydride (BusSnH) in the presence of tetrakis(tri-
phenylphosphane)palladium [(Ph;P),Pd] yielded 75% of
(48)-6""1. Periodic acid dihydrate converted (S)-6 to acyclic

[°] Part XXV: A. Yajima, H. Takikawa, K. Mori, Liebigs Ann.
Chem. 1996, 891—897.
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Scheme 1. Retrosynthetic analysis of rotundial (1)
L~ _OH

“*NCHO
cHo  |T—> ol

(R)-Rotundial (1) A

%;:O
e

D (S)-Limonene (2)

— N =
C

oxoaldehyde (S)-7, which was employed for the ring-closure
reaction to give (R)-851. Reduction of (R)-8 with LiAIH,
furnished (R)-9, whose hydroxy group was protected as the
corresponding tert-butyldimethylsilyl (TBS) ether to give
(R)-10 in 47% yield based on (4S5)-6. Hydroboration-oxi-
dation of (R)-10 with 9-BBN, followed by treatment with
alkaline hydrogen peroxide, yielded (R)-11 (quant.), which
was deprotected to give (R)-12, [0]p>® = —19 (¢ = 0.60,
CHCly) {ref.B¥ [a]p?® = —16.6 (¢ = 0.60, CHCl3)} in 91%
yield. Finally, the diol (R)-12 was oxidized under Swern
conditions®! to give (R)-rotundial (1) as a colorless oil,
[a]p?? = +108 (¢ = 1.00, CHCly) {ref.B¥! [a]p?® = +39.3
(¢ = 1.00, CHCly)} in 57% yield. The overall yield of (R)-
1 over 10 steps based on (S)-3 was 8.8%. The enantiomeric
purity of synthetic (R)-1 was estimated to be > 99% e.e. by
GLC analysis employing a chiral stationary phase. Simi-
larly, by starting from (R)-limonene oxide, (S)-rotundial (1),
[0]p?? = —107 (¢ = 1.02, CHCl;), was synthesized in 10%
overall yield. The IR, 'H-NMR, and '*C-NMR spectra of
synthetic 1 agreed with those of the natural product.

1434—193X/98/0202—0229 $ 17.50+.50/0 229



FULL PAPER

H. Takikawa, Y. Yamazaki, K. Mori

Scheme 2. Synthesis of rotundial (1)
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Reagents: (a) Oz, CH,Cl, then PPh; (73%). — (b) LDA, THF then
PhNTf, (66%). — (c) (nBu);SnH, Pd(PPh;),, LiCl, THF (75%). —
(d) HIO,4 -2 H,0, THF/Et,0. — (e) Pyrrolidine, AcOH, Et,O. — (f)
LiAlH,4, Et,0. — (g) TBSCI, imidazole, DMF [47% based on (4S)-
6]. — (h) 9-BBN, THF then aq. NaOH/aq. H,O,. — (i) BuyNF,
THF [91% based on (R)-10]. — (j) DMSO, (COCl),, Et3N,
CH,Cl, (81%).

Both synthetic (R)-1 and natural 1 were dextrorotatory,
although the rotation value of natural 1 was smaller than
that of synthetic (R)-1, probably due to the impurities in
the natural product. There was no big difference between
the rotation value of rotundiol (12) derived from natural
rotundial and that of synthetic (R)-12. From these results,
we conclude that the absolute configuration of natural ro-
tundial is R as deduced by Watanabe et al.’l. As to the
bioactivity, a bioassay employing synthetic enantiomers of
rotundial (1) showed that the two enantiomers are equally
bioactive. Therefore, in this case, the absolute configuration
of 1 plays no role in its bioactivity as a mosquito repellent.

We thank Drs. K. Watanabe, N. Matsuo, and their colleagues at
Sumitomo Chemical Co. (Takarazuka, Japan) for the copies of the
IR, 'H- and "*C-NMR spectra of natural rotundial and also for
the bioassay.

Experimental Section

General: Boiling points and melting points: uncorrected value. —
IR: Jasco IRA-102. — '"H NMR: Jeol INM-EX 90A (90 MHz) and
Bruker DPX 300 (300 MHz, TMS at 6y = 0.00 or CHCl; at oy =
7.26 as internal standard). — '3C NMR: Bruker DPX 300 (75.5
MHz), (CDCl; at 8¢ = 77.0 as internal standard). — MS: Shim-
adzu GCMS-QP 2000A and Jeol JMS-SX 102A. — Optical ro-
tation: Jasco DIP-1000. — CC: Merck Kieselgel 60 Art 1.07734 and
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Merck Kieselgel 60 Art 1.15111. — TLC: 0.25 mm Merck silica-gel
plates (60F-254).

4-Acetyl-1,2-epoxy-1-methylcyclohexane (4). — (i) (4S) Isomer:
Ozone gas was bubbled into a stirred and cooled solution of (4S)-
3 (40.0 g, 263 mmol) in CH,Cl, (400 ml) at —78°C until saturation.
After flashing off the excess O; with O, gas, Ph;P (120 g, 0.46 mol)
was added portionwise. The mixture was allowed to warm to room
temp. with stirring for 12 h. After removal of the solvent, diethyl
ether was added to the residue. The precipitated Ph;PO was filtered
off, and then the filtrate was concentrated in vacuo. This procedure
was repeated three times, and the residue was distilled to give 29.6
g of (45)-4 (73%), colorless oil, b.p. 80—82°C/1 Torr, np** =
1.4667, [a]p** = —80.3 (¢ = 1.09, CHCl;). — CoH 4,0, (154.2):
calcd. C 70.10, H 9.15; found C 69.80, H 9.50. — IR (film): V. =
1715 ecm™! (s, C=0). — 'H NMR (90 MHz, CDCl;): 6 = 1.28,
1.31 (each s, total 3 H, 1-Me), 1.42—2.23 (m, 7 H, 3-, 4-, 5-, 6-H),
2.11, 2.12 (each s, total 3 H, Me—C=0), 2.99—3.06 (m, 1 H, 2-H).
— The "H-NMR spectrum suggested that this product was a mix-
ture of two diastereomers [(1R,25,4S)/(1S,2R,4S) =~ 1:1].

(ii) (4R) Isomer: In the same manner as described above, (4R)-3
(40.0 g, 263 mmol) was converted into 30.0 g of (4R)-4 (74%), b.p.
72—80°C/1 Torr, np2* = 1.4644, [u]p>* = +78.0 (¢ = 1.20, CHCl,).
— CoH 40, (154.2): caled. C 70.10, H 9.15; found C 69.79, H 9.30.
— Its IR and 'H-NMR spectra were identical with those of (45)-4.

1,2-Epoxy-1-methyl-4-(1-trifluoromethanesulfonyloxy-
vinyl) cyclohexane (5). — (i) (4S) Isomer: A solution of LDA was
prepared by the addition of an nBuLi solution (1.60 M, 82 ml, 0.13
mol) to a stirred and cooled solution of (iPr),NH (20 ml, 0.14 mol)
in dry THF (160 ml) at 0°C under Ar. The mixture was stirred at
0°C for 20 min. To the stirred and cooled solution of LDA, a solu-
tion of (4S5)-4 (18.0 g, 0.12 mol) in dry THF (160 ml) was added
dropwise at —78°C. After stirring for 40 min, Tf,NPh (50 g, 0.14
mol) was added portionwise. This mixture was stirred at —78°C
for 30 min and allowed to warm to —40°C over 4 h. It was then
poured into water and extracted with diethyl ether. The organic
layer was washed with water and brine, dried (MgSQO,), and con-
centrated in vacuo. The residue was purified by chromatography
on SiO, (360 g, elution with hexane/ethyl acetate = 80:1) to give
22.0 g of (4S)-5 (66%), colorless oil. — IR (film): V., = 1670 cm™!
(s, C=C), 1200 (s, sulfonate), 1150 (s, sulfonate). — '"H NMR (90
MHz, CDCl;): § = 1.33, 1.34 (each s, total 3 H, 1-Me), 1.59—2.60
(m, 7 H, 3-, 4-, 5-, 6-H), 2.95—-3.15 (m, 1 H, 2-H), 4.92 (br. d, J =
4 Hz, 1 H, C=CH?HP), 5.09, 5.14 (each d, J = 4 Hz, total 1 H,
C=CH?H®). — This was employed for the next step without
further purification.

(ii) (4R) Isomer: In the same manner as described above, (4R)-4
(9.80 g, 64 mmol) was converted into 16.0 g of (4R)-5 (88%). Its
IR and "H-NMR spectra were identical with those of (4S5)-5. This
was employed for the next step without further purification.

1,2-Epoxy-1-methyl-4-vinylcyclohexane (6). — (i) (4S) Isomer: To
a mixture of LiCl (0.59 g, 14 mmol), Pd(PPhs), (0.10 g, 0.087
mmol) in dry THF (25 ml), a solution of (4S5)-5 (1.24 g, 4.2 mmol)
in dry THF (10 ml) was added at room temp. under Ar. After
stirring for 10 min, (#Bu);SnH (1.2 ml, 4.6 mmol) was added drop-
wise to this mixture. It was stirred for 30 min and diluted with
pentane (30 ml). This pentane solution was washed with water, an
aqueous NHj solution (10%), water and brine, dried (MgSQO,), and
concentrated in vacuo. The residue was purified by chromatogra-
phy on SiO, (25 g, elution with hexane/ethyl acetate = 70:1) to give
450 mg of (45)-6 (75%). An analytical sample was obtained by
distillation, colorless oil, b.p. 73—76°C/40 Torr, np>* = 1.4600,
[a]p?® = —86.8 (¢ = 1.05, CHCl3). — IR (film): ¥, = 3070 cm ™!
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(m, C=CH,), 1640 (m, C=C). — 'H NMR (90 MHz, CDCl,): § =
1.31, 1.32 (each s, total 3 H, 1-Me), 1.33—2.25 (m, 7 H, 3-, 4-, 5-,
6-H), 3.00 (m, 1 H, 2-H), 4.80—5.10 (m, 2 H, C=CH,), 5.50—5.95
(m, 1 H, C—CH=C). — HR MS; m/z: found 138.1051 [M*], calcd.
for CoH,40 138.1044.

(ii) (4R) Isomer: In the same manner as described above, (4R)-5
(15.7 g, 54.8 mmol) was converted into 3.98 g of (4R)-6 (53%), b.p.
72—73°C/23 Torr, np>* = 1.4593, [a]p?® = +78.3 (¢ = 1.06,
CHCl3). — HR MS; m/z: found 138.1043 [M*]; caled. for CoH 4,0
138.1044. — Its IR and 'H-NMR spectra were identical with those
of (45)-6.

6-0x0-3-vinylheptanal (7) — (i) (S) Isomer: To an ice-cooled sus-
pension of periodic acid dihydrate (13.3 g, 58.3 mmol) in diethyl
ether (100 ml), a solution of (45)-6 (7.20 g, 52.1 mmol) in THF (75
ml) was added dropwise. This mixture was stirred at 0°C for 2.5 h
and then filtered through Celite. The filtrate was diluted with a
satd. aqueous Na,S,0; solution, and extracted with diethyl ether.
The organic layer was washed with water and brine, dried (MgSO,),
and concentrated in vacuo to give 11.4 g of crude (S)-7 (quant.).
— IR (film): Vppax = 3090 cm™! (m, C=CH,), 2730 (m, aldehyde
C—H), 1725 (s, aldehyde), 1715 (s, ketone), 1640 (m, C=C). — This
was employed for the next step without further purification.

(i1) (R) Isomer: In the same manner as described above, (4R)-6
(3.98 g, 28.8 mmol) was converted into 4.61 g of crude (R)-7
(quant.). Its IR spectrum was identical with that of (S)-7. This was
employed for the next step without further purification.

(2-Methyl-5-vinyl-1-cyclopenten-1-yl)methanol (9). — (1) (R) Iso-
mer: To a solution of crude (S)-(7) (11.4 g, ca. 52.1 mmol) in diethyl
ether (70 ml), pyrrolidine (0.7 ml) and acetic acid (0.7 ml) were
added successively. It was then stirred at room temp. for 1 h. This
solution was washed with dil. hydrochloric acid, a satd. aqueous
NaHCOj; solution and brine, dried (MgSO,), and concentrated in
vacuo to give 7.0 g of crude (R)-8 [99% based on (4.5)-6, in 2 steps].
A solution of (R)-8 (7.0 g, 51 mmol) in diethyl ether (30 ml) was
added dropwise to a stirred and ice-cooled suspension of LiAlH,4
(1.5 g, 40 mmol) in diethyl ether (20 ml). The mixture was stirred
at 0°C for 30 min. It was then ice-cooled and the excess LiAlH,
was destroyed by the successive addition of water (1.5 ml), an aque-
ous NaOH solution (15%, 1.5 ml) and water (4.5 ml). The mixture
was filtered through Celite. The filtrate was dried (MgSO,) and
concentrated in vacuo to give 8.1 g of (R)-9 [quant. based on (4S5)-
6, 3 steps]. Thus obtained (R)-9 was found to contain inseparable
impurities. Its purification was so difficult that it was employed for
the next step without further purification. However, a small
amount of the purified TBS ether [(R)-10] was deprotected by treat-
ment with BuyNF to give an analytical sample of (R)-9, colorless
oil, np?* = 1.4937, [a]p??> = —182 (¢ = 0.35, CHCl3). — IR (film):
Vmax = 3350 cm™! (s, O—H), 3100 (m, C=CH,), 1640 (m, C=C).
— 'H NMR (90 MHz, CDCl;): § = 1.25 (br. s, 1 H, OH),
1.40—1.80 (m, 1 H, 4-H*), 1.73 (br. s, 3 H, Me), 1.84—2.26 (m, 3
H, 3-H, 4-H®), 3.20—3.55 (m, 1 H, 5-H), 4.06 (br. d, 1 H, J = 12
Hz, —~CH*H®-0), 4.18 (br. d, 1 H, J = 12 Hz, —CH*H®—-0), 4.96
(1 H,dd, J = 9 Hz, J/ = 2 Hz, -C=CH*H"), 5.08 (1 H, dd, J =
17 Hz, J' = 2 Hz, —C=CH?HP"), 5.76 (1 H, ddd, J = 17 Hz, J' =
9 Hz, J' = 9 Hz, —CH=C). — HR MS; m/z: found 138.1048 [M*];
caled. for CoH 4,0 138.1044.

(ii) (S) Isomer: In the same manner as described above, (S)-7
(4.60 g, ca. 28.9 mmol) was converted into 3.89 g of crude (5)-9
[98% based on (4R)-6, 3 steps]. This was employed for the next
step without further purification. A small amount of the purified
corresponding TBS ether [(S)-10] was deprotected by treatment
with BuyNF to give an analytical sample, colorless oil, np?* =

Eur. J. Org. Chem. 1998, 229—232

1.4923, [a]p>® = +199 (¢ = 0.55, CHCl;). — HR MS; m/z: found
138.1044 [M*]; calcd for CoH 4,0 138.1044. — Its IR and 'H-NMR
spectra were identical with those of (R)-9.

1-tert-Butyldimethylsilyloxymethyl-2-methyl-5-vinyl-1-cyclo-
pentene (10) — (i) (R) Isomer: To a solution of (R)-9 (8.1 g, ca 52
mmol) in DMF (80 ml), imidazole (7.5 g, 0.11 mol) and TBSCI
(7.5 g, 50 mmol) were added. After stirring at room temp. for 1.5
h, it was diluted with water and extracted with diethyl ether. The
organic layer was washed with water, a satd. aqueous NaHCO;
solution and brine, dried (MgSQ,), and concentrated in vacuo. The
residue was purified by chromatography on SiO, (80 g, elution with
hexane/ethyl acetate = 200:1) to give 6.18 g of (R)-10 [47% based
on (45)-6, 4 steps], colorless oil, np?> = 1.4739, [a]p?? = —102 (c =
1.10, CHCl3).— IR (film): ¥y, = 3100 cm ™! (m, C=CH,), 1640
(m, C=C), 1260 (s, Si—Me), 1065 (s, Si—0). — '"H NMR (90 MHz,
CDCl3): 6 = 0.05 (s, 6 H, Si—Me), 0.90 (s, 9 H, rBu), 1.40—1.75
(m, 1 H, 4-H?), 1.70 (br. s, 3 H, 2-Me), 1.85—-2.45 (m, 3 H, 3-H,
4-Hb), 3.20—3.55 (m, 1 H, 1-H), 4.03 (br. d, J = 12 Hz, 1 H,
CH*H"-0), 425 (d, J = 12 Hz, 1 H, —CH*H®-0), 4.91 (dd, J =
10 Hz, J' = 2 Hz, 1 H, —C=CH*H"), 5.00 (dd, J = 17 Hz, J' =
2 Hz, 1 H, —C=CH?HP®), 5.71 (ddd, J = 17 Hz, J' = 10 Hz, J' =
8 Hz, —CH=C). — C;5sH»30Si (252.5): caled. C 71.36, H 11.18;
found C 70.81, H 11.14.

(ii) (S) Isomer: In the same manner as described above, (S)-9
(3.89 g, 28.1 mmol) was converted into 3.58 g of crude (S)-10 [49%
based on (4R)-6, 4 steps], colorless oil, np>* = 1.4614, [a]p>* =
+95.0 (¢ = 1.04, CHCI,). Its IR and '"H-NMR spectra were iden-
tical to those of (R)-10. — C,5H,30Si (252.5): caled. C 71.36, H
11.18; found C 71.16, H 10.70.

2-(2'-tert-Butyldimethylsilyloxymethyl-3'-methyl-2'-cyclopenten-
1'-yl)ethanol (11). — (i) (R) Isomer: The solution of (R)-10 (5.00 g,
19.8 mmol) in THF (40 ml) was added dropwise to a stirred and
ice-cooled solution of 9-BBN (0.5 M in THF, 120 ml, 0.06 mol) at
0°C under Ar. It was stirred at room temp. for 25 h and then cooled
to 0°C. To this cooled solution, water (20 ml), an aqueous NaOH
solution (3 M, 120 ml) and an aqueous H,O, solution (34%, 120
ml) were carefully added. After stirring at room temp. for 1.5 h, it
was extracted with diethyl ether. The organic layer was washed with
brine, dried (MgSQO,), and concentrated in vacuo. The residue was
filtered through SiO, to give 6.02 g of crude (R)-11 (quant.). This
was employed for the next step without further purification. A
small amount of crude (R)-11 was purified by chromatography on
SiO, (hexane/ethyl acetate = 40:1) to give an analytical sample,
colorless oil, np?* = 1.4739, [a]p>? = —7.6 (¢ = 0.65, CHCl;). —
IR (film): Vim0 = 3350 cm™! (s, O—H), 1255 (s, Si—Me), 1060 (s,
Si—0). — 'H NMR (90 MHz, CDCl): § = 0.05, 0.07 (each s, total
6 H, Si—Me), 0.90 (s, 9 H, Bu), 1.25-2.38 (m, 7 H, 2-, 1'-, 4'-,
5’-H, OH), 1.66 (br. s, 3 H, 3'-Me), 2.83 (m, 1 H, 1'-H), 3.69 (dt,
2 H,J=2Hz J =7Hz CH,—OH), 423 (br. s, 2 H, 2-H).
— C;5H;300,8i (270.5): caled. C 66.61, H 11.18; found C 66.14,
H 10.96.

(i) (S) Isomer: In the same manner as described above, (S)-10
(3.0 g, 12 mmol) was converted into 4.8 g of crude (S)-11 (quant.),
np?* = 1.4723, [0]p?* = +6.6 (¢ = 0.69, CHCl3). — C,sH30,Si
(270.5): caled. C 66.61, H 11.18; found C 66.72, H 11.27. — Its IR
and '"H-NMR spectra were identical with those of (R)-11.

2-(2'-Hydroxymethyl-3'-methyl-2'-cyclopenten-1'-yl ) ethanol (Ro-
tundiol, 12) — (i) (R) Isomer: To a solution of (R)-11 (5.76 g, ca.
19 mmol) in THF (50 ml), BuyNF solution (1 M in THF, 40 ml, 40
mmol) was added dropwise. It was stirred at room temp. for 2 h,
poured into brine, and extracted with diethyl ether. The organic
layer was washed with brine, dried (MgSO,) and concentrated in
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vacuo. The residue was purified by chromatography on SiO, (115
g, elution with CHCl;/MeOH = 50:1) to give 2.70 g of (R)-12 [91%
based on (5)-10, 2 steps]. An analytical sample was further purified
by recrystallization (from hexane/diethyl ether) to give colorless
plates, m.p. 52—53°C (ref.[* oil), [0]p?>* = —19 (¢ = 0.60, CHCI;).
— IR (KBr): Vpa = 3300 cm™! (s, O—H), 1065 (m), 1015 (m),
1000 (m). — '"H NMR (300 MHz, CDCl;): § = 1.45 (m, 2 H, 5'-
H?, 2-H?), 1.69 (s, 3 H, 3'-Me), 1.91 (m, 1 H, 2-H"), 2.03 (m, 1 H,
5'-HP®), 2.27 (m, 2 H, 4’-H), 2.90 (br. s, 1 H, 1’-H), 3.14 (br. s, 2
H, OH), 3.69 (m, 2 H, 1-H), 4.13 (br. d, J = 12.2 Hz, 1 H, 2-
CH*HP—OH), 4.21 (d, J = 12.2 Hz, 1 H, 2-CH*H*-OH). — 13C
NMR (75.5 MHz, CDCl;): § = 14.0, 28.6, 36.5, 37.1, 42.6, 57.1,
61.2, 136.6, 136.9. — CoH 50, (156.2): caled. C 69.19, H 10.32;
found C 69.02, H 10.31.

(ii) (S) Isomer: In the same manner as described above, (S)-11
(3.93 g, ca. 9.8 mmol) was converted into 1.41 g of (S)-12 [93%
based on (S)-10, 2 steps], m.p. 53—54°C, [a]p?* = +18 (¢ = 0.60,
CHCl3). — CoH, 60, (156.2): calcd. C 69.19, H 10.32; found C
69.05, H 10.16. — Its IR, '"H-NMR and '*C-NMR spectra were
identical with those of (R)-12.

2-(2'-Formyl-3'-methyl-2'-cyclopenten-1'-yl) acetaldehyde ~ (Ro-
tundial, 1) — (i) (R) Isomer: To a stirred and cooled solution of
(COCl), (0.37 ml, 4.2 mmol) in dry CH,Cl, (3 ml), DMSO (0.59
ml, 8.3 mmol), and a solution of (R)-12 (300 mg, 1.92 mmol) in
dry CH,Cl, (2.5 ml) were successively added, dropwise at —78°C
under Ar. It was then stirred at —78°C for 30 min. Et;N (2.65 ml,
19.0 mmol) was added to the reaction mixture, and it was then
allowed to warm to room temp. with stirring. This mixture was
poured into water and extracted with diethyl ether. The organic
layer was washed with a satd. aqueous NaHCO; solution and
brine, dried (MgS0O,), and concentrated in vacuo. The residue was
chromatographed on SiO, (5 g, elution with hexane/ethyl acetate =
40:1) to give 168 mg of (R)-1 (57%), colorless oil, np?* = 1.5120,
[0]p?? = +108 (¢ = 1.00, CHCI3). — IR (film): V. = 3450 cm ™!
(w), 3300 (w), 2950 (m, C—H), 2840 (s, C—H), 2730 (m, aldehyde
C—H), 1725 (s, C=0), 1665 (s, C=0), 1635 (m, C=C), 1430 (m),
1385 (m), 1355 (m), 1295 (w), 1255 (m), 1190 (m). — 'H NMR
(300 MHz, CDCl;): 6 = 1.53 (m, 1 H, 5’-H?), 2.17 (s, 3 H, 3'-Me),
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2.18 (m, 1 H, 5'-HY), 2.37 (ddd, J = 16.8 Hz, J' = 9.2 Hz, J' =
2.2 Hz, 1 H, 2-H?), 2.56 (m, 2 H, 4-H), 2.94 (ddd, J = 16.8 Hz,
J =42 Hz, J' = 1.5 Hz, 1 H, 2-H"), 3.42 (m, 1 H, 1’-H), 9.76
(dd, J = 1.5Hz, J" = 1.5 Hz, 1 H, 1-H), 9.98 (s, 1 H, 2-CHO). —
13C NMR (75.5 MHz, CDCl;): § = 14.4, 28.1, 38.1, 39.0, 47.8,
138.9, 164.2, 187.9, 201.9. — HR MS; m/z: found 152.0845 [M*];
caled. for CoH >0, 152.0838. — Rotundial (1) was rather unstable
and therefore correct elemental analytical data could not be ob-
tained.

(i) (S) Isomer: In the same manner as described above, (S)-12
(302 mg, 1.93 mmol) was converted into 188 mg of (S)-1 (64%),
colorless oil, np?* = 1.4993, [0]p*> = —107 (¢ = 1.02, CHCl3). —
HR MS; m/z: found 152.0848 [M™]; calcd. for CoH,,0, 152.0838.
— Its IR, 'H- and '3C-NMR spectra were identical with those of
(R)-1.

Determination of the Enantiomeric Purity of Rotundial (1): GLC
(column: Chirasil DEX-CB”, 0.25 mm X 25 m, 100°C 1 min,
+1°C/min; carrier gas: He, press 110 kPa).

(1) (R) Isomer: tg = 58.9 [(S)-1, < 0.5%], tg = 59.2 [(R)-1, >
99.5%). The enantiomeric purity of (R)-1 was therefore > 99%.

(ii) (S) Isomer: (S)-Rotundial (1) was also thought to be of >
99% e.e., and the peak due to (R)-1 could not be observed in the
GLC trace due to the tailing of (S)-1.

*  Dedicated to Professor M. Matsui on the occasion of his 80th

birthday.
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