OChote

Synthesis of Optically Active
5-Alkoxy-6-methylcyclohex-2-en-1-ones and
4-Alkoxy-5-methylcyclopent-1-enyl Benzoate

Maris Turks® and Pierre Vogel*

Laboratory of Glycochemistry and Asymmetric Synthesis
(LGSA), Swiss Federal Institute of Technology (EPFL),
Batochime, CH-1015 Lausanne, Switzerland

pierre.vogel@epfl.ch
Received September 20, 2008

OJ\Ph 0 Me
7z _~SiMe; ﬁt{ /L B2O O/(
— ; A ™~ Ph
BzO X SO,, cat. 0" >Ph

The reaction of (—)-(1E,3Z)-2-methyl-1-((15)-1-phenylethox-
y)penta-1,3-dien-3-ol benzoate with allyltrimethylsilane in
SO; and in the presence of a catalytic amount of Tf,NTMS
gives a silyl sulfinate intermediate that furnishes (—)-
(6Z,1'S,48,55)-5-methyl-4-(1'-phenylethoxy)octa-1,6-dien-6-
yl benzoate after acidic workup. The latter undergoes ring-
closing metathesis producing (—)-(2S5,3S5)-2-methyl-3-((1S)-
1-phenylethoxy)cyclopent-5-en-1-yl benzoate. It has been
converted also into the corresponding trimethylsilyl enol
ether. After oxidation, an enone is obtained that undergoes
ring-closing metathesis giving (—)-(55,65)-6-methyl-5-((15)-
1-phenylethoxy)cyclohex-2-en-1-one.

Enantiomerically enriched cyclohex-2-enone derivatives are
extremely useful building blocks for the preparation of biologi-
cally active compounds, including natural products.' "® Among
the various types of cyclohex-2-enone derivatives, 5-hydroxy-
and 5-alkoxycyclohex-2-enones represent the most attractive and
versatile chiral building blocks,””'® and several approaches for
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their synthesis have been proposed.'®'” The two 5-siloxycy-
clohex-2-enones 1 and 2'® and bicyclic compounds 3'° and 4*°
are the only enantiomerically enriched 6-alkyl-substituted 5-hy-
droxycyclohex-2-enone derivatives reported thus far.
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The synthesis of 5-hydroxy-, 5-alkoxy-, and 5-siloxycyclohex-
2-enones is a challenge because these compounds are prone to
[-eliminations generating the corresponding phenols, under basic
or acidic conditions. We present here an original approach to
the synthesis of enantiomerically enriched 6-alkyl-5-alkoxycy-
clohex-2-enones. The method is illustrated for the preparation
of derivative 5. We disclose also the synthesis of the enantio-
merically enriched cyclopentanone enol benzoate 6, a yet
unknown compound. Apart from their potential as synthetic
intermediates, both 5 and 6 are of interest for the perfume
industry.?'

In 2004, we reported that the reactions of 1-alkoxy-1,3-dien-
3-ol esters (7) with sulfur dioxide and allylsilanes (10) generate
enol esters of type 13 with high stereoselectivity. The reactions
imply equilibrium of dienes 7 + SO, with corresponding

(11) Hanazawa, T.; Wada, T.; Masuda, T.; Okamoto, S.; Sato, F. Org. Lett.
2001, 3, 3975-3977.

(12) Hanazawa, T.; Inamori, H.; Masuda, T.; Okamoto, S.; Sato, F. Org.
Lett. 2001, 3, 2205-2207.

(13) Koiwa, M.; Hareau, G. P. J.; Sato, F. Tetrahedron Lett. 2000, 41, 2389—
2390.

(14) Hareau, G.; Koiwa, M.; Hanazawa, T.; Sato, F. Tetrahedron Lett. 1999,
40, 7493-7496.

(15) Hareau-Vittini, G.; Hikichi, S.; Sato, F. Angew., Chem. Int. Ed. 1998,
37, 2099-2101.

(16) Hanazawa, T.; Okamoto, S.; Sato, F. Tetrahedron Lett. 2001, 42, 5455—
5457.

(17) Honda, T.; Endo, K. J. Chem. Soc., Perkin Trans. 1 2001, 2915-2919.

(18) Hareau, G. P. J.; Koiwa, M.; Hikichi, S.; Sato, F. J. Am. Chem. Soc.
1999, 121, 3640-3650.

(19) Herdewijn, P.; Wang, J.; De Clercq, E. PCT Int. Appl. 2001; Chem.
Abstr. 2001, 134, 208063.

(20) Amano, S.; Takemura, N.; Ohtsuka, M.; Ogawa, S.; Chida, N.
Tetrahedron 1999, 55, 3855-3870.

(21) Ohloft, G. Scent and fragrances - The fascination of odors and their
chemical perspectives; Springer-Verlag, Berlin: Heidelberg, 1994.

(22) Rossiter, K. J. Chem. Rev. 1996, 96, 3201-3240.

(23) Chastrette, M. SAR QSAR Environ. Res. 1997, 6, 215-254.

(24) Kraft, P.; Bajgrowicz, J. A.; Denis, C.; Frater, G. Angew. Chem., Int.
Ed. 2000, 39, 2980-3010.

(25) Market, T.; Porrmann, V.; Ritter, F. PCT Int. Appl. 2003; Chem. Abstr.
2003, 739, 245701.

(26) Kraft, P. Chem. Biodiversity 2008, 5, 970-999.

(27) Ford, R. A.; Letizia, C.; Api, A. M. Food Chem. Toxicol. 1988, 26,
273-415.

(28) Hailes, H. C. Spec. Pub. - R. Soc. Chem. 2002, 277, 127-137 (Advances
in Flavours and Fragrances).

(29) Yamada, M.; Fujisawa, H. Eur. Pat. Appl. 2002; Chem. Abstr. 2002,
137, 389058.

(30) Monteleone, M. G.; Clements, M. J.; Croco, L. J.; Belco, R. P.; Pawlak,
M. Eur. Pat. Appl. 2005; Chem. Abstr. 2005, 144, 74462.

(31) Shimizu, K. Jpn. Kokai Tokkyo Koho 2006; Chem. Abstr. 2006, 145,
83176.

(32) Turin, L. Brit. UK Pat. Appl. 2006; Chem. Abstr. 2006, 145, 235394.

J. Org. Chem. 2009, 74, 435-437 435



JOCNote

SCHEME 1
OR*
R']
= + SO -78°C
R2COO™ N i
R3
7 4
. ® s R
. oR oR Sivie,
R o +LA R 10
]Cé o [_so, L@ .
R2CO0” "0 R2CO0™ "2 -78°C
R3 R3
8 9
OR* 2, 4
R R2COO OR* R
4 3
| o RE EGNH'TIO™ R~
R2CO0™ Y772 MeOH R’ +50,
R® + MeOSiMes
11 R® = SiMe, 13
12R%=H

unstable sultines 8 that, in the presence of a protic or Lewis
acid catalyst, are isomerized into zwitterionic species 9 that are
allylated by the allylsilanes 10 producing silyl sulfinates 11.
After acidic workup, the corresponding j3,y-unsaturated sulfinic
acids 12 undergo stereoselective retro-ene eliminations of SO,
with formation of 13 (Scheme 1).%*

In this process, sulfur dioxide permits the Umpolung of the
electron-rich dienes 7 generating oxyallyl cationic intermediates
(9) that are quenched by electron-rich alkenes such as
allylsilanes.***> Compounds 13 undergo ring-closing me-
tathesis*®® catalyzed by the second-generation Grubbs’
catalyst.**~** An example is given with enol benzoate 16 (ee
97%) obtained by reaction of (—)-(1E,3Z)-2-methyl-1-((1S)-1-
phenylethoxy)-penta-1,3-dien-3-o0l benzoate (14, ee 97%) with
SO; and allyltrimethylsilane (15) in the presence of a catalytic
amount of (CF3S0,),NSiMes at —78 °C.** Thus, in the presence
of 0.1 equiv of Grubbs’ II catalyst (dry benzene, 80 °C, 30 min),
cyclopentenyl benzoate 6 was obtained in 75% yield. To our
knowledge, this is the first example of ring-closing metathesis
involving an enol ester and an alkene (Scheme 2), although
several examples of ring-closing alkene metatheses involving
enol ethers or enoxysilanes with alkenes have been presented.***

Enol benzoate 16 was converted into its silyl enol ether 17
by reaction with MeLi+LiBr in Et;O at —78 °C to generate the
corresponding ethyl ketone that was not purified but used
directly in the silylation step with Me3SiOT{/Et3N. Enoxysilane
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17 was obtained in 82% yield (based on 16) and was then
submitted to oxidation with an excess of 2-iodoxybenzoic acid
(IBX) and 4-methoxypyridine N-oxide (MPO) in DMSO (25
°C, 16 h)***" to produce enone 18 in 64% yield. In the presence
of 10 mol % of Grubbs’ II catalyst in dry benzene (80 °C, 30
min), ring-closing alkene metathesis furnished cyclohexenone
5 in 85% yield. Because of the neutral conditions used for the
latter reaction, heating of 5 did not induce f-elimination of
1-phenylethanol.

We believe that the chemistry disclosed here can be applied
to the synthesis to further enantiomerically enriched 5-alkoxy-
6-alkylcyclohex-2-enone derivatives starting from dienes of type
7 (R! = Me). As both enantiomeric forms of the chiral auxiliary
(1-phenylethanol) are commercially available, the cyclohex-
enones can be obtained in both their enantiomeric forms.

Experimental Section

Preparation of (—)-(25,3S)-2-Methyl-3-((1S)-1-phenylethoxy)-
cyclopent-5-en-1-yl Benzoate (6). To a solution of Grubbs’ second-
generation catalyst (31 mg, 0.036 mmol, 0.1 equiv) in dry benzene
(70 mL) under argon atmosphere was added a solution of 16 (0.133
g, 0.36 mmol, 1 equiv).** The resulting solution was heated under
reflux for 0.5 h. Solvent was evaporated in vacuo and the residue
purified by FC (PE/EtOAc = 95:5): 88 mg (75%), colorless oil;
[0]*p = —176 (¢ = 1.40, CHCl3); '"H NMR (CD,Cl,, 400 MHz)
8.07 (d, 2H, J = 8.0 Hz), 7.60 (t, 1H, J = 7.0), 7.47 (t, 2H, J =
7.7), 7.36—7.25 (m, 5H), 5.44 (ddd, 1H, J = 2.5, 2, 1.1), 4.46 (q,
1H, J = 6.4), 4.13 (dt, 1H, J = 7.4, 6.8), 3.00 (dqt, 1H, J = 7.4,
6.8, 1.5), 2.42 (ddd, 1H, J = 16.0, 7.4, 3.2), 2.34 (dddd, 1H, J =
16.0, 6.8, 2.5), 1.43 (d, 3H, J = 6.4), 1.18 (d, 3H, J = 7.0); 13C
NMR (CD,Cl,, 100.6 MHz) 164.2, 152.8, 144.5, 133.4, 129.8,
128.6, 128.4, 127.4, 126.4, 126.3, 109.3, 76.9, 76.1, 40.5, 34.4,
24.0, 11.2; MALDI-HRMS calcd. for C,;H,,0O3Na* 345.1467, found
345.1480.

(+)-(4S,55)-4-Methyl-5-((15)-1-phenylethoxy)octa-1,7-dien-3-
one (18). A solution of 16 (3.32 g, 9.1 mmol, 1 equiv) in E;O (50
mL) was added at —78 °C to a solution of MeLi-LiBr (2.2 M,
10.3 mL, 22.7 mmol, 2.5 equiv) in Et,0O (24 mL). The reaction
mixture was stirred at —78 °C overnight and afterward poured
slowly into a saturated aqueous solution of NH4Cl (200 mL). The
aqueous phase was extracted with Et,0O (3 x 50 mL), washed with
brine, dried (Na,SO,), and evaporated in vacuo. The resulting ethyl
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ketone (2.23 g, ~94%) was dried under reduced pressure (0.06 Torr,
12 h) and used without further purification. To a solution of the
ethyl ketone (2.23 g, 8.56 mmol, 1 equiv) in CH,Cl, (40 mL) at
—20 °C was added NEt; (3.58 mL, 25.7 mmol, 3 equiv) followed
by Me;SiOSO,CF; (2.01 mL, 11.1 mmol, 1.3 equiv). The reaction
mixture was allowed to reach 20 °C in 2 h. Cold pentane (300 mL
(=50 °C)) was added, and the resulting suspension was filtered
through a small pad of silica gel (suspended in pentane containing
2% of NEt;). The organic phase was sequentially washed with 15%
aqueous solution of citric acid (3 x 70 mL), saturated aqueous
solution of NaHCO; (3 x 50 mL), and brine (2 x 50 mL), dried
(Na;S0y), and evaporated in vacuo. The resulting oil (17) was dried
under reduced pressure (0.06 Torr, 12 h): yield 2.49 g (82% over
two steps from 16), colorless oil. Analytical data for (25,35)-(1-
ethylidene-2-methyl-3-((15)-1-phenylethoxy)hex-5-enyloxy)trimeth-
ylsilane (17): '"H NMR (CDCl;, 400 MHz) 7.36—7.25 (m, 5H),
5.65 (ddt, 1H, J = 17.3, 10.2, 7.0), 4.96 (dm, 1H, J = 17.3), 4.92
(dm, 1H, J = 10.2), 4.62 (q, 1H, J = 6.4), 4.52 (q, 1H, J = 6.4),
3.53 (dt, 1H, J = 7.0, 3.8), 2.52 (dq, 1H, J = 7.0, J = 6.4),
2.18—2.03 (m, 2H), 1.53 (dd, 3H, 3J = 7.0, 1.3), 1.42 (d, 3H, J =
6.4), 1.02 (d, 3H, J = 7.0), 0.19 (s, 9H). To a solution of IBX
(0.252 g, 0.90 mmol, 3 equiv) in DMSO (1.0 mL) was added
MPO-H,0 (0.112 g, 0.90 mmol, 3 equiv) at 25 °C. The resulting
mixture was allowed to stay for 30 min. Then a solution of 17
(0.10 g, 0.30 mmol, 1 equiv) in DMSO (0.5 mL) was added, and
the resulting mixture was stirred at 25 °C for 16 h. A saturated
aqueous solution of NaHCO; (10 mL) was added, and the product
was isolated by extraction with Et,0O (3 x 7 mL). The collected
organic layers were washed with brine (3 x 6 mL), dried (NaySOy),
filtered, and evaporated. The residue was purified by FC (PE/EtOAc
= 95:5) yielding 50 mg (64% from 17): colorless oil; [a]®p =
+73 (¢ = 0.45, CHCl;); '"H NMR (CDCl;, 400 MHz) 7.35—7.24
(m, 5H), 6.44 (dd, 1H, J = 17.2, 10.5), 6.25 (dd, 1H, J = 17.2,
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1.2), 5.78 (dd, 1H, J = 10.5, 1.2), 5.74 (ddt, 1H, J = 17.2, 10.4,
7.4),4.99 (dm, 1H, J = 10.4), 4.96 (dm, 1H, J = 17.2), 443 (q,
1H, J = 6.2), 3.72 (dt, 1H, J = 8.0, 4.9), 3.21 (dq, 1H, J = 8.0,
6.8),2.13 - 2.06 (m, 2H), 1.32 (d, 3H, J = 6.2), 1.03 (d, 3H, J =
6.8); 3*C NMR (CDCl;, 100.6 MHz) 203.5, 144.2, 136.5, 134.1,
128.3, 128.1, 127.5, 126.6, 117.3, 78.5, 46.2, 35.5, 23.6, 12.2; ESI-
HRMS calcd for [C17H»0, + H]™ 259.1698, found 259.1692.

(—)-(55,65)-6-Methyl-5-((1S)-1-phenylethoxy)cyclohex-2-en-
1-one (5). To a solution of Grubb’s second-generation catalyst (98
mg, 0.116 mmol, 0.1 equiv) in dry benzene (240 mL) under argon
atmosphere was added a solution of 18 (0.30 g, 1.16 mmol, 1 equiv).
The resulting solution was heated under reflux for 0.5 h. Solvent
was evaporated in vacuo, and the residue was purified by FC (PE/
EtOAc = 9:1): yield 0.227 mg (85%); colorless oil; [a]*p = —130
(¢ = 0.55, CHCl3); '"H NMR (CDCl;, 400 MHz) 7.37—7.25 (m,
5H), 6.69 (dt, 1H, J = 10.2, 3.8), 6.25 (dt, IH, J = 10.2, 1.9), 4.49
(q, 1H, J=17.0), 3.85 (dt, 1H, J = 7.0, 4.5), 2.76 (dq, IH, J = 7.0,
3.8),2.39 (dddd, 1H, J = 19.0, 6.0, 3.2, 1.9), 2.34 (dddd, 1H, J =
19.0, 5.1, 1.9, 1.9), 1.42 (d, 3H, J = 6.4), 1.23 (d, 3H, J = 7.0);
13C NMR (CDCl;, 100.6 MHz) 198.1, 146.1, 144.1, 129.1, 128.5,
127.6, 126.2, 76.4, 75.1, 45.9, 30.0, 24.5, 10.5; MALDI-HRMS
caled for CysHgs0,Nat 253.1204, found 253.12009.
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