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New Synthesis of trans-y-Irone
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Synopsis. trans-y-Irone was successfully synthe-
sized starting from 3,4-dimethyl-2-cyclohexenone by seven-
step reactions including TiCls-promoted reaction of enol
silyl ether and cross-aldol reaction of vinyloxyborane.

Irones have been isolated from Iris oil as very
important fragrant constituents.? Recently, Ohloff
et al. have further identified trans-y-irone (1) in Iris
0il.2 Concerning the synthesis of 1, three methods
have been reported.® Previously, we reported an ef-
ficient method for preparation of y-ionone.? In this
paper, we will describe an alternative method for
synthesis of 1 starting from an easily accessible
3,4-dimethyl-2-cyclohexenone (2) in the similar man-
ner as above. Our synthetic route is outlined in
the following scheme.
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The reaction of 3,4-dimethyl-2-cyclohexenone (2)
with methylmagnesium iodide in the presence of a
catalytic amount of copper(I) iodide, followed by
quenching with trimethylchlorosilane, triethylamine,
and hexamethylphosphoric triamide, gave 3,3,4-tri-
methyl-1-trimethylsiloxy-1-cyclohexene (3) in a 70%
yield.® 2-Dimethoxymethyl-3,3,4-trimethylcyclohex-
anone (4) was obtained in a 72% yield by the reaction
of 3 with trimethyl orthoformate in the presence of
TiCls.® The conversion of 4 to 4-dimethoxymethyl-
5,5,6-trimethyl-1-oxaspiro[2.5]octane (5) was carried
out in almost the same manner as reported,” that
is, the reaction of 4 with dimethylsulfonium methyl-
ide gave 5 in a 61% yield. The deoxygenation of
5 with low valent titanium compound, prepared

from TiCls and LiAlH4, afforded 6-methylene-2,2,3-
trimethylcyclohexanecarbaldehyde dimethyl acetal (6)
in an 83% yield, which was further converted to
6-methylene-2,2,3-trimethylcyclohexanecarbaldehyde
(7)3 in a 79% yield by hydrolysis with 2 M HCI (1 M=
1 mol dm™3).

Dibutyl(isopropenyloxy)borane, formed from ace-
tone and dibutylboryl trifluoromethanesulfonate,®
reacted with 7 to give a mixture of two stereoisomers
(8a and 8b) of 4-(6-methylene-2,2,3-trimethylcyclo-
hexyl)-4-hydroxy-2-butanone (8) in a 79% yield, which
was separated by silica-gel column chromatography.
The aldols, 8a and 8b, were converted to trans-
y-irone (1) without accompanying cis-isomer on treat-
ment with active alumina in 57% and 36% yields,
respectively.

Experimental

Spectra. All bps are uncorrected. 'H NMR spectra
were recorded on a Hitachi R-24A spectrometer. Chemical
shifts are reported on the & scale relative to MesSi as
an internal standard. IR spectra were taken using a
JASCO IRA-2 spectrometer.

3,3,4-Trimethyl-1-trimethylsiloxy-1-cyclohexene (3). To
a mixture of 2.8 M methylmagnesium iodide (50 ml, 140
mmol) in ether and copper(I) iodide (400 mg) was added
dropwise a solution of 3,4-dimethyl-2-cyclohexenone (2)
(12.40 g, 100 mmol) in dry ether (40 ml) at 0°C, and the
mixture was stirred for 1 h at 0°C. Trimethylchlorosilane
(30 ml), triethylamine (40 ml), and hexamethylphosphoric
triamide (20 ml) were successively added at 0°C and the
mixture was stirred for 24h at room temperature. The
mixture was processed and the product was distilled to give
3(14.80 g, 70%). Bp 90—93 °C/16 mmHg (1 mmHg=133.322
Pa); IR (neat) 1665 cm—!; NMR (CCly) 6=0.15 (s, 9H), 0.82
(s, 3H), 0.88 (d, J=6.0Hz, 3H), 0.98 (s, 3H), 1.2—2.1
(m, 5H), and 4.53 (m, 1H). Found: C, 67.83; H, 11.29%.
Calcd for C12H24S810: C, 67.86, H, 11.39%.

2-Dimethoxymethyl-3,3,4-trimethylcyclohexanone (4).

To a cold solution (—78 °C) of trimethyl orthoformate (6.89
g, 65 mmol) in dry dichloromethane (100 ml) was added
TiCls (12.35g, 65mmol) under argon atmosphere. A
solution of 3 (10.60g, 50 mmol) in dry dichloromethane
(10 ml) was added and the reaction mixture was stirred for
2h at —78°C. The mixture was quenched with methanol
(20 ml) and poured into a 15% solution of K:COs. After
evaporation of the solvent, the residue was distilled to give
4 (7.70 g, 72%). Bp 88—90°C/1.5 mmHg; IR (neat) 1715,
1125, and 1060 cm~—!; NMR (CCl4) 6=0.75 (s, 3H), 0.90 (d,
J=6.5Hz, 3H), 0.97 (s, 3H), 1.2—2.5 (m, 5H), 2.28 (d,
J=7.0Hz, 1H), 3.20 (s, 3H), 3.27 (s, 3H), and 4.67 {d,
J=7.0Hz, 1H). Found: C, 67.14; H, 10.29%. Calcd for
Ci12H20s: C, 67.26; H, 10.35%.

4-Dimethoxymethyl-5,5,6-trimethyl-1-oxaspiro[ 2.5 Joctane (5).
A mixture of NaH (10 mmol) and dimethyl sulfoxide (5 ml)
was stirred for 1 h at 65—70 °C and cooled to room tempera-
ture, and then tetrahydrofuran (30 mi) was added. A solu-
tion of trimethylsulfonium iodide (2.04g, 10 mmol) in
dimethyl sulfoxide (5 ml) was added dropwise at —20——15
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°C and stirred for 5min. A solution of 4 (428 mg, 2 mmol) in
tetrahydrofuran (5 ml) was added dropwise at the same tem-
perature as above and the mixture was stirred overnight at
0°C. The mixture was worked up and the product was
subjected to silica-gel column chromatography to afford 5
(280 mg, 61%). IR (neat) 3030, 1130, 1075, and 1050 cm™};
NMR (CCls) 6=0.80 (d, J=6.5 Hz, 3H), 0.86 (s, 3H), 1.05 (s,
3H), 1.3—2.2 (m, 6H), 2.46 (s, 2H), 3.30 (s, 3H), 3.37 (s, 3H),
and 4.47 (d, J=3.0Hz, 1H). Found: C, 68.23; H, 10.41%.
Calcd for C1aH2403: C, 68.38, H, 10.59%.

6-Methylene-2,2,3-trimethylcyclohexanecarbaldehyde Dimeth-
yl Acetal (6). Tetrahydrofuran (16 ml) was added
dropwise to TiCly (1.29g, 6.8 mmol) at —78°C under
argon atmosphere and the resulting complex was warmed
to room temperature. LiAlH4 (258 mg, 6.8 mmol) was
added to the complex, and the mixture was stirred for
1h, and then triethylamine (5.55g, 55 mmol) was added.
To this was added dropwise a solution of 5 (1.41g, 6.2
mmol) in tetrahydrofuran (10ml) on a water bath and
the mixture was stirred for 1h at room temperature. The
mixture was worked up and the product was distilled to
give 6 (1.09g, 83%). IR (neat) 1120, 1060, and 890 cm™;
NMR (CCls) 6=0.73 (s, 3H), 0.87 (d, J=6.0Hz, 3H),
0.92 (s, 3H), 1.1—1.8 (m, 3H), 1.9—2.4 (m, 3H), 3.18 (s,
3H), 3.24 (s, 3H), 4.48 (d, J=6.5Hz, 1H), 452 (m, 1H),
and 4.70 (m, 1H).

6-Methylene-2,2,3-trimethylcyclohexanecarbaldehyde (7).
To a solution of 6 (1.09g, 5.1 mmol) in ether (30 ml) was
added 2 M HCI (30 ml) and the mixture was stirred overnight
at room temperature. After separation of the organic layer, it
was washed with a saturated solution of NaHCO; and
concentrated. The residue was distilled to give 7 (675 mg,
79%). Bp (bath temperature) 100—110°C/10 mmHg; IR
(neat) 1720, 1640, and 895 cm~—!; NMR (CCl4) 6=0.78 (s, 3H),
0.84 (d, J=6.5 Hz, 3H), 1.05 (s, 3H), 1.2—2.1 (m, 3H), 2.25 (m,
2H), 2.71 (d, J=3.5Hz, 1H), 4.74 (s, 1H), 4.90 (s, 1H), and
9.73 (d, J=3.5Hz, 1H). Found: C, 79.36, H, 10.79%. Calcd
for CnH1s0: C, 79.47, H, 10.91%.

4-(6-Methylene-2,2,3- trimethylcyclohexyl)-4- hydroxy-2-buta-
none (8). To dibutylboryl trifluoromethanesulfonate
(303 mg, 1.1 mmol) was added a solution of triethylamine
(111 mg, 1.1 mmol) in ether (1.5ml) at —78°C under
argon atmosphere and the mixture was warmed to room
temperature. A solution of acetone (64 mg, 1.1 mmol) in
ether (1 ml) was added at —78 °C and the mixture was stirred
for 20 min. Then a solution of 7 (158 mg, 6.95 mmol) in ether
(2 ml) was added dropwise and the mixture was stirred for
2.5h at —78 °C. To thereaction mixture was added 1 M buffer
solution (pH 7.0) of phosphoric acid (3 ml), methanol
(10 ml), and a 30% solution of H202 (2 ml), successively, and
the mixture was stirred for 20 min at room temperature.
After addition of water (10 ml), methanol was removed under
reduced pressure. The residue was extracted with dichloro-
methane and the solution was concentrated. Purification by
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silica-gel column chromatography afforded two stereoiso-
mers (8a and 8b) of 8 (169 mg, 79%). 8a (117 mg, 55%): IR
(neat) 3470, 3070, 1710, 1640, and 890 cm—!: NMR (CCly)
6=0.75 (s, 3H), 0.79 (d, J=6.5 Hz, 3H), 1.08 (s, 3H), 1.2—2.3
(m, 6H), 2.15 (s, 3H), 2.52 (m, 2H), 3.22 (s, 1H), 4.50 (m, 2H),
and 4.90 (m, 1H). Found: C, 74.86, H, 10.70%. Calcd for
C14H2402: C, 74.95, H, 10.78%; 8b (52 mg, 24%): IR (neat)
3500, 3070, 1705, 1635, and 885 cm~1; NMR (CCls) 6=0.75 (s,
3H), 0.85 (d, J=6.5 Hz, 3H), 1.10 (s, 3H), 1.2—2.3 (m, 6H),
2.10 (s, 3H), 2.42 (d, J=6.0 Hz, 2H), 3.05 (s, 1H), 4.25 (m, 1H),
4.62 (m, 1H), and 4.75 (m, 1H). Found: C, 74.81, H, 10.84%.
Calcd for C14H2402: C, 74.95, H, 10.78%.

trans-y-Irone (1). To a solution of 8a (55 mg, 0.25
mmol) in ether (5 ml) was added active alumina (0.5 g) and
the mixture was stirred overnight at room temperature.
Then the mixture was filtered and concentrated. The res-
idue was subjected to silica-gel column chromatography to
afford 1 (29 mg, 57%). IR (neat) 1675, 1620, and 890
cm~}; NMR (CCly) 6=0.80 (s, 3H), 0.85 (d, J=6.0 Hz, 3H),
090 (s, 3H), 1.1—2.4 (m, 5H), 2.15 (s, 3H), 2.60 (d,
J=9.0Hz, 1H), 4.67 (s, 1H), 4.72 (s, 1H), 6.00 (d, J=
16.0z4Hz, 1H), and 6.98 (dd, J=16.0 and 9.0 Hz, 1 H). Spectral
data of 1 were consistent with those of the authentic
sample prepared by the method of Yoshikoshi et al.3®

In the same manner, 8b was treated with active alumina
to give 1 (36%).

The authors wish to express their thanks to Profes-
sor Teruaki Mukaiyama and Associate Professor
Kazuhiko Saigo, the University of Tokyo for their

helpful discussions.

References

1) a) F. Tiemann and P. Krtiger, Ber., 26, 2675 (1893); b)
V. Rautenstrauch and G. Ohloff, Helv. Chim. Acta, 54, 1776
(1971); ¢) W. Krick, F.-]J. Marner, and L. Jaenicke, ibid., 67,
318 (1984).

2) V. Rautenstrauch, B. Willhalm, W. Thommen, and
G. Ohloff, Helv. Chim. Acta, 67, 325 (1984).

3) a) J. Garnero and D. Joulain, Bull. Soc. Chim. Fr.,
1979, 15; b) M. Miyashita, N. Makino, M. Singh, and A.
Yoshikoshi, J. Chem. Soc., Perkin Trans. 1, 1982, 1303; c) T.
Kitahara, K. Tanida, and K. Mori, Agric. Biol. Chem., 47, 581
(1983).

4) T. Mukaiyama, K. Saigo, and O. Takazawa, Chem.
Lett., 1976, 1033.

5) G. Stork and P. F. Hudrlik, J. Am. Chem. Soc., 90, 4462
(1968).

6) T. Mukaiyma and M. Hayashi, Chem. Lett., 1974, 15.

7) E.]J. Corey and M. Chaykovsky, J. Am. Chem. Soc., 87,
1353 (1965).

8) T. Mukaiyama and T. Inoue, Chem. Lett., 1976, 559.






