OCArticle

Synthetic Applications of a-Fluoroalkylated Enones. 1.
Use as Dienophiles in DielsAlder Cycloadditions

Julia Leuger, Gadle Blond} Roland Fidlich," Thierry Billard,** Gunter Haufe,* and
Bernard R. Langlois*

Laboratoire SERCOF (UMR CNRS 5181), sisite Claude Bernard - Lyon 1, BaChereul,
43 Bd du 11 neembre 1918, 69622 Villeurbanne, France, and Organisch-Chemisches Institut,
Universitad Munster, Corrensstrasse 40, 48149 Miier, Germany

billard@univ-lyon1.fr; bernard.langlois@untlyonl.fr; haufe@uni-muenster.de

Receied December 13, 2005

0
OMe(”)\ MN
Y Ry 0 >
- Rf
o7 i “Rf Ar)J\/\Rf 0
Rf

B-Fluoroalkylated enones are efficient dienophiles in Digldder cycloadditions to prepare various
fluorinated cylic compounds. However, the presence of the fluoroalkyl moiety modifies the reactivity
and the selectivity of these cycloadditions.

Introduction observations, fluoroalkylated cyclic molecules should be valu-
able building blocks to construct medicinally relevant complex

It is now well-known that the introduction of fluorine atoms
structures.

or fluoroalkyl moieties into organic substrates gives rise to Some methods have been developed to obtain nonaromatic
important physicochemical modifications of the concerned ; P

T o N - . and nonheterocyclic fluoroalkylated compoufidsnong them,
molecules: Such specific properties find applications in various ; . ) -
fields2 the Diels-Alder reaction constitutes one of the most efficient

strategie$° Generally, the fluoroalkylated dienophiles are not

For example, the introduction of fluorine atoms or fluoroalky! functionalized trifluoroalkenes, often substituted on the carbon
groups into molecules constitutes a classical and systematic ’

maoadification of biological properties used in medicinal chemistry (4) @ 1smail. F. M. D.J. Fluorine Chem.2002 118 27-33. (b)

for the design of new drugsMore specifically, fluoroalkyl Organofluorine Compounds in Medicinal Chemistry and Biomedical
groups (particularly C§ cause a great interest since they Applications Filler, R., Kobayashi, Y., Yagulpolskii, L. M., Eds.; Elsevi-
generally increase the lipophilicity of the compounds and, er: Amsterdam, 1993. (c) Welch, J. T.; Ewarakrishnan, Stl&orine in

i Hahili Biorganic Chemistry John Wiley: New York, 1991. (d) Becker, A.
usually, enhance their bioavailability. Consequently, more and Inventory of Industrial Fluoro-Biochemicgl€yrolles: Paris, 1996.

more fluoroalkylated molecules find application in the phar- — (5) Lin, p.; Jiang, JTetrahedron200Q 56, 3635-3671.
maceutical field$. Moreover, cyclic compounds constitute a (6) (@) Suzuki, M.; Okada, T.; Taguchi, T.; Hanzawa, Y.; litaka,JY.

; i Fluorine Chem.1992 57, 239-243. (b) Hanzawa, Y.; Suzuki, M,
frequent bag:kbone among bloacyve substrgtes and, conse Kobayashi. V.. Taguchi. TJ. Org. Chem.1991 56, 1718-1725. (¢)
quently, are important frameworks in drug design. Due to these janzawa, Y.; Suzuki, M.; Kobayashi, Tetrahedron Lett1989 30, 571~
574. (d) Fuchikami, T.; Shibata, Y.; Suzuki, Yetrahedron Lett1986

T Universita Munster. 27, 3173-3176. (e) Hanzawa, Y .; Ito, H.; Kohara, N.; Sasaki, H.; Fukuda,

# UniversiteClaude Bernard - Lyon 1. H.; Morikawa, T.; Taguchi, T.; litaka, YTetrahedron Lett199], 32, 4143~

(1) (a) Gross, U.; Rdiger, S. InOrgano-Fluorine Compoung8aasner, 4146. (f) Bonnet-Delpon, D.; Begue, J.-P.; Lequeux, T.; Ourevitch, M.
B., Hagemann, H., Tatlow, J. C., Eds.; Houben-Weyl: Methods of Organic Tetrahedron1996 52, 59-70. (g) Begue, J.-P.; Bonnet-Delpon, D.;
Chemistry; Thieme: Stuttgart, 1999; Vol. E10a, pp-26. (b) Smart, B. Lequeux, T.; d’Angelo, J.; Guingant, Synlett1992 146-148. (h) Redon,
E. J. Fluorine Chem2001, 109 3—11. M.; Janousek, Z.; Viehe, H. Gletrahedron1997, 53, 6861-6872. (i)

(2) (@) Banks, R. E.; Smart, B. E.; Tatlow, J. Q@rganofluorine Plancquaert, M.-A.; Redon, MJanousek, Z.; Viehe, H. Gletrahedron
Chemistry: Principles and Commercial Applicatiof®enum Press: New 1996 52, 4383-4396. (j) Iwata, J. S.; Ishiguro, Y.; Utsugi, M.; Mitsuhashi,
York, 1994. (b) Hiyama, TOrganofluorine Compounds: Chemistry and  K.; Tanaka, KBull. Chem. Soc. Jpr1993 66, 2432-2435. (k) Klenz, O.;

Properties Springer-Verlag: Berlin, 2000. Evers, R.; Miethchen, R.; Michalik, Ml. Fluorine Chem1997, 81, 205~
(3) Burger’s Medicinal Chemistry and Drug Disgery; Abraham, D. 210. (I) BlazeJewski, J.-C.; Le Guyader, F.; Wakselman].Chem. Soc.,
J., Ed.; John Wiley & Sons: New York, 2003; Vol. 1. Perkin Trans. 11991, 1121-1125.
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SCHEME 1. Synthesis of ¢)-cis-6-Trifluoromethyl
Shikimic Acid
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(z)-cis -B-trifluoromethyl
shikimic acid

bearing the Cggroup. Concerning dienophiles bearing another
functional group (usable for further reactions), the most used
is the E)-trifluorocrotonic ethyl ester because of its commercial
availability” Cycloaddition with this compound has been
successfully applied in the synthesis of a trifluoromethylated
analogue of shikimic acid (Scheme 7).

Nevertheless, the variety of fluoroalkylated dienophiles is
relatively limited, and generally, these alkenes bear only & CF
moiety.

We have recently described an efficient and rapid synthesis

of fluoroalkylated enones, bearing various fluoroalkyl moietfes.
Such compounds appear to be valuable dienophiles for Diels
Alder cycloadditions.

Results and Discussion

To validate our hypothesis concerning the synthetic potential
of p-fluoroalkylated enones in DietsAlder cycloaddditions, our

study has been focused on eight enones substituted with diverse

fluoroalkyl moieties, which can easily be synthesized by a one-
pot, two-step procedure, as previously described (Scherife 2).
To evaluate the reactivity dfin Diels—Alder cycloadditions,

the reaction has been investigated first with cyclopentadiene 10
(2), a common model for such processes (Scheme 3 and Table E

1).

Compound 1a is very reactive, and cycloaddition was
observed even at €C (entry 1). A complete conversion was
observed at room temperature witt8 h (entry 3), but the rate
was improved by heating at 8C (entry 4). This high reactivity
can be attributed to the GFnoiety since the same reaction,
performed with enones bearing a €() or a CC} group 6)
instead of CE, needed heating (90100 °C), longer reaction
times (40 h)! or activation with a Lewis acié?

(7) (a) Bateson, J. H.; Smith, C. F.;. Wilkinson, JJBChem. Soc., Perkin
Trans. 11991, 651-653. (b) Leroy, J.; Fischer, N.; Wakselman,JCChem.
Soc., Perkin Trans. 199Q 1281-1287. (c) Abele, H.; Haas, A.; Lieb, M.;
Zwingenberger, J. Fluorine Chem1993 62, 25—-29. (d) Sicsic, S.; Leroy,
J.; Wakselman, CSynthesisl987 155-156. (e) Tanaka, K.; Mori, T.;
Mitsuhashi, K.Bull. Chem. Soc. Jprl993 66, 263—268.

(8) Ogoshi, H.; Mizushima, H.; Toi, H.; Aoyama, ¥. Org. Chem1986
51, 2366.

(9) (a) Haufe, G. IrFluorine-Containing Synthon$oloshonok, V. A.,
Ed.; ACS Symposium Series; American Chemical Society: Washington,
DC, 2005; Vol. 911, Chapter 7, pp 15872. (b) Chanteau, F.; Essers, M.;
Plantier-Royon, R.; Haufe, G.; Portella, Tetrahedron Lett2002 43,
1677-1680. (c) Gerus, I. I.; Tolmachova, N. A.; Vdovenko, S. I.; fich,
R.; Haufe, G.Synthesi005 1269-1278.

(10) Blond, G.; Billard, T.; Langlois, B. RJ. Org. Chem.2001 66,
4826-4830.
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SCHEME 2. Synthesis off-Fluoroalkylated Enones
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SCHEME 3. Diels—Alder Cycloaddition of 1 with

Cyclopentadiene

1+ @ Solvent

(x eq)

R

AN
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TABLE 1. Diels—Alder Reaction of 1 with Cyclopentadiene (2)

2 t 32 (%) 3-endd

entry 1 (equiv) solven® (°C) (h) (endo+ex9 3-exd
1 1la 1 CH,CI,/0 1 3a(55) 75/25
2 1la 2 CHCly/rt 1 3a(88) 75125
3 1la 1 CH.Cl/rt 3 3a95(98) 73127
4 1la 1 cyclohexane/80 1 3a(98) 74126
5 1la 2 cyclohexane/80 1 3a(98) 73127
6 1b 2 cyclohexane/80 3 3b90(98) 80/20
7 1lc 2 cyclohexane/80 3 3c94(98) 76124
8 U 1 CHCl/rt 24 3d(68) 76/24
9 1 1 cyclohexane/80 4 3d(90) 75125
1d 2 cyclohexane/80 1 3d87(98) 73127

le 2 cyclohexane/80 3 3e73(95) 78122

1f 2 cyclohexane/80 3 3f95(99) 75/25

13 19 2 cyclohexane/80 1 3g89 100/0

a|solated yield. The crude yield determined¥8lf NMR with an internal
standard (PhOGJF is shown in parenthesesDetermined by'F NMR.

This difference in reactivity can be rationalized by considering
the LUMO energy level of the dienophile which is lowered by
the presence of an electron-withdrawing group, then favoring
the LUMOQ,jkens— HOMOyieneinteractiont™=13 Some calculations
have been realized and confirm this influence of thg @Biety
on the reactivity (Tables 2 and 3).

From these calculations, it appears clearly that the
LUMO aikens— HOMOyiene difference is the lowest with the GF
substituent.

Other enones with various ketone moieties or fluoroalkyl
groups also give rise to cycloadditions with good yields (entries
6—13).

To determine the configuration of the two obtained stere-
omers, we determined the spatial proximity of characteristic

(11) Tsuboi, S.;
47, 1673-1677.
(12) Mukaiyama, T.; Watanabe, K.; Shiina,Ghem. Lett1995 1-2.

Ishiguro, Y.; Takeda, Bull. Chem. Soc. Jpri974
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TABLE 2. HOMO/LUMO Energy Levels

LUMO (eV) HOMO (eV)
entry  method 4 5 la 2
2 AM12 —0.4529 —1.0332 —1.0966 —9.0794
4 PM3 —0.5222 —-1.0343 —1.1635 —9.2326
a Semiempirical molecular orbital calculations performed with Hyper- 0
chem 7.5.
CF3
TABLE 3. Energy Level Differences
AE (LUMO akene~HOMOgiene)
entry method 4 5 la
2 AM12 8.6265 8.0462 7.9828 FIGURE 1. Representation of LUMO ofat'®
4 PM3 8.7104 8.1983 8.0691
a Semiempirical molecular orbital calculation performed with Hyperchem SCHEME 5.  Steric Repulsion in 1a
7.5. H
o= 1Ph™y
SCHEME 4. Configuration Determinations of 3 _} Steric
CF, repulsion

SCHEME 6. Lone 3g Stereomer
o]

A0

3-endo 3-exo CF3
3g-endo

nOe : "H/'H nuclear Overhauser effect
hOe : H/'F nuclear Overhauser effect SCHEME 7. Cycloaddition Adduct from 1h

protons with each other or with fluorinated groups by using i @
30/\6%@3

the nuclear Overhauser effect. Such characterization was realized Coaon e0CI1n
by 2D NMR sequences, namely NOESYH(!H correlation) yclohexane

or
and HOESY {H/*°F correlation). Since there is only one gH 1h CHxCly/rt. /24 h 3h (26%)
the protons of the bridge @Y are easily identified (by HSQC)
and the vinylic protons (g} also present a specific shift. As recently suggest by Salvaltella et,® it seems more

Furthermore, because of thkspin coupling with fluorine atom, reasonable to invoke a steric repulsion between thegidup

the vicinal proton to the fluoroakyl group (His also easy to and the methylene moiety & (Scheme 5), since it is well-

identify. Then, a simple reading of both 2D plots allows seeing admitted now that the steric demand of the;@iety is closer

the correlation spots between khd H; for the Rf-exostereomer to that of an isopropyl group than to a methyl diie.

or between Hand H, H; and H;, Rf and H; for the Rfendo In the case of spiro compoury, resulting from1g, the

stereomer. The observed correlations are shown in Scheme 4reaction needed heating to achieve complete conversion
These cycloadditions were stereoselective, and the majorcertainly because of the more hindered nature of erfape

stereomer formed was that with the fluoroalkyl moiety in endo However, the cycloaddition is 100% stereoselective leading

position. It must be noticed that the observed stereoselectivity exclusively to theendestereomer (Scheme 6).

is inverted compared to cyclogdditions involv!rtgansrl.- When the Diels-Alder cycloaddition was realized with the
phenylbut-3-enonedj'>**but are in accordance with previous  bis-trifluoromethylated enongh, the reaction gave a complex
results observed with other fluoroalkylated alkekedhe mixture, both at room temperature and in refluxing cyclohexane.

proportion between the two stereomers is relatively insensitive Nevertheless, in both cases, compo@idhas been isolated
to the nature of Ror Rf substituents, and the low influence of ~ from this mixture (Scheme 7). Its structure has been deter-
the temperature on this ratio suggests that3temdo product mined by X-ray crystallography (see the Supporting Informa-

is rather a kinetic product than a thermodynamic one. tion).18
To explain such stereoselectivity, an eventual stabilizing
secondary orbital interaction between the;@ffoup and the (15) Semiempirical molecular orbital calculation (AM1) performed with

double bond has been invocated. However, the calculation of Hyperchem 7.5.

the LUMO of 1a showed a higher orbital coefficient on the 33%?8(_32(2?’ J. 1 Mayoral, J. A.; Salvatella, lacc. Chem. Re00Q

carbonyl moiety than on the fluorine atoms, suggesting a (17) (a) Nagai, T.; Nishioka, G.; Koyama, M.; Ando, A.. Miki, T.:
preferential secondary orbital interaction for=O rather than Kumadaki, 1. Chem. Pharm. Bull1992 40, 593-598. (b) Nagai, T.;
for CFs (Figure 1) Nishioka, G.; Koyama, M.; Ando, A.; Miki, T.; Kumadaki, Chem. Pharm.

’ Bull. 1991, 39, 233-235. (c) Nagai, T.; Nishioka, G.; Koyama, M.; Ando,
A.; Miki, T.; Kumadaki, I.J. Fluorine. Chem1992 57, 229-237.

(13) Sustmann, RTetrahedron Lett1971, 12, 2721-2724. (18) CCDC 286977 contains the supplementary crystallographic data

(14) (a) McBee, E. T.; Keogh, M. J.; Levek, R. P.; Wesseler, EJ.P. for this paper. These data can be obtained free of charge at www.
Org. Chem.1973 38, 632-636. (b) Braendlin, H. P.; Zielinski, A. Z,; ccdc.cam.ac.uk/conts/retrieving.html [or from the Cambridge Crystal-
McBee, E. T.J. Am. Chem. Sod962 84, 2109-2112. (c) Gaede, B.; lographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK.; fax:
Balthazor, T. M.J. Org. Chem1983 48, 276-277. (int) +44(1223)336-033, E-mail: deposit@ccdc.cam.ac.uk].
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SCHEME 8. Diels—Alder Cycloaddition of 1 with 6 SCHEME 9. Diels—Alder Cycloaddition of 1 with 8 and
Hydrolysis of the Product 9
|
1+ Cyclohexane :@\ J\R1 OMe e jj)\
>/ \< or CH,Cl, R .. ﬁ CH,Cl, /@\ R
6 7 MesSio” Me;SiO Rf
8
TABLE 4. Diels—Alder Cycloaddition of 1 with 6 (xeq.)
o a (0,
entry 1 solventT (°C) t (h) 72 (%) THEHCI 0.1N)| rt
1 la CH,Cl,/0 24 7a(0) 41 24h
2 la CH,Clo/50° 24 7a(78)
3 la cyclohexane/80 3 7292
4 1b cyclohexane/80 20 7b 86 (90) OMe O o)
5 1c cyclohexane/80 20 7c84 (91) .‘\\”\ \”\
6 1d CH,Clo/50° 24 7d (80) R, Q Ri
7 1d cyclohexane/80 20 7d 87 (90) o Rf o Rf
8 le cyclohexane/80 20 7e94 (98) 10 "
9 1f cyclohexane/80 20 71 87 (94)
10 19 cyclohexane/80 120 79 (25) Al " :
11 19 cyclohexane/120 - 79(48) TABLE 5. Diels—Alder Cycloaddition of 1 with 8
12 1g cyclohexane/120 24 7990 (95) 8 yield of ¢ yield 10°
I ° 0, 0, C (0,
alsolated yield. The crude yield determined NMR with an internal entry 1 (equv) T(°C) t() (%) (de) (%) (de) 11°(%)
standard (PhOGJ is shown in parenthesesSealed tube. 1 1la 1 17 9a73(26) 10a66 (21) 1la(3)
2 1b 2 50 19 9b91(22) 10b86(23) 11b(6)
CF 3 1c 1 50 72 9c35(20)
8 4 1c 2 50 17 9c70(21) 10c65(20) 11b(13)
5 1d 1 rt 17 9d86 (20) 10d60 (20) 11d(3)
6 1le 1 50 72 9e40 (25)
7 1le 2 50 17 9e90(20) 10e86 (20) 11e(10)
8 1f 2 50 19 9f84(11) 10f72(10) 11f(11)
79 9 1g 1 rt 72 995
10 1g 2 50 25 9g75(50) 10965 (74) 11g(15)

FIGURE 2. Spiro compound’g.
P P 9 aCrude yield determined by NMR with an internal standard

(PhOCE). P Isolated yield¢ Crude yield determined bF NMR with an

To extend the present study on the reactivity of endreesy internal standard (PhOGE

in Diels—Alder cycloadditions, 2,3-dimethylbutadiene has been
investigated as another diene (Scheme 8 and Table 4).
In contrast to the previous set of reactions, heating was alwaysPanishefsky’s diene. This phenomenon might be explained by
required to achieve good yields. With the exceptiofafwhich the high electron-withdrawing inductive effect of the fluoroalkyl
is very reactive (entry 3), the optimal conditions were heating Moiety, which precludes the elimination of methatfol.
to 80°C for 20 h. These cycloadditions were also highly regioselective and
The difference between the two reactions certainly came from delivered a single regioisomer (the structures of which have
the structure of diene since tiecisconformation is fixed ir2 been determined by COSY, HSQC, and HMBC experiments).
whereas thes-trans conformation is favored fo6, and some This regioselectivity was identical to that observed in non-
energy was required to adopt the conformation needed for fluorinated seried? This led us to suppose that the fluoroalkyl
cycloaddition. moieties do not influence the relative comparison of the orbital
The more hindered structure af) requires heating at 120 coefficients, as shown by semiempirical calculations which are
°C in a sealed tube to get the spiro compoifigdn moderate in accordance with the observed regioselectivity (Figure 3).
yield (Figure 2). Since Danishefsky's diene is well-known to give rise to
To synthesize more functionalized molecules, useful for €xcellent regioselectivities, another diene (isoprene) has been
further applications, Danishefsky’s diéfi¢8) has been opposed  put in reaction withlain order to have a more accurate opinion
to the fluoroalkyl enoneg (Scheme 9 and Table 5). concerning the influence of the fluorinated group onto the
It can be noticed that, in some cases, the reaction requiredregioselectivity (Scheme 10).
heating in a sealed tube and 2 equivdfut, nevertheless, led The observed regioselectivity is very modest (a 60:40 ratio).
to the expected products in good yields. The same disappointing selectivity has been also observed with
The hydrolysis of the cycloaddu& under the conditions  nonfluorinated serie%. confirming our previous opinion about
reported by Danishefsk§did not give rise to the same results. the very low influence of the fluoroalkyl group on regioselec-
Indeed, instead of obtaining cyclohexenoh&scompoundd4.0, tivity.
with a remaining methoxy group, were preferably formed; only  In conclusion,S-fluoroalkylated enones constitute efficient
a small amount ofl1 was detected. dienophiles for Diels Alder cycloadditions. The presence of
The same phenomenon has been already observed irthe fluorinated moiety both increased the reactivity of these
the cycloaddition of trifluoromethylalken®sand in the compounds and implied modification of the stereoselectivity.
hetero-Diels-Alder reactions of fluoroalkyl aldehydes with  Nevertheless, the high reactivity in Diel&lder reactions opens

(19) Danishefsky, S.; Kitahara, T. Am. Chem. Sod.974 96, 7807
7808.

(20) Danishefsky, S.; Kitahara, T.; Yan, C. F.; MorrisJJAm. Chem.

So0c.1979 101, 6996-7000.

2738 J. Org. Chem.Vol. 71, No. 7, 2006

(21) Leveque, L.; Le Blanc, M.; Pastor Retrahedron Lett1997 38,
6001-6002.

(22) Wenkert, E.; Moeller, P. D. R.; Piettre, S. R.Am. Chem. Soc.
1988 110, 7188-7194.
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FIGURE 3. Representation of orbital coefficients 8fand 1.1°

SCHEME 10. Diels-Alder Cycloaddition of 1a with
Isoprene

o 0

CF
)]\/\ . 7" cyclohexane 3 . Ph
Ph CF3 X 80 °C Ph
1a | CF3
(1eq) °©

12 (90% / 60:40)

potential synthetic applications to synthesize various fluorinated
molecules, bearing a large variety of fluorinated moieties. Other
reactivity studies and synthetic applications of compouhds
are being conducted in our laboratories and will be published
in due course.

Experimental Section

Diels—Alder Cycloadditions of 1a with Cyclopentadiene and
2,3-Dimethylbutadiene.A solution of 5-trifluoromethylated enone
1a(1 mmol) and diene (2 mmol) in cyclohexane (1 mL) was stirred
at 80°C for the time indicated in Tables 1 and 4. The solvent was
then evaporated in vacuo and the crude product purified by flash
chromatography.

trans-Phenyl[3-endo (trifluoromethyl)bicyclo[2.2.1]hept-5-en-
2-yllmethanone (3aendg. *H NMR: 6 = 7.96 (m, 2H), 7.58 (m,
1H), 7.47 (m, 2H), 6.43 (m, 1H), 6.26 (m, 1H), 4.09 (ddogs 5,
J=3,J=11, 1H), 3.33 (ddJ = 5,J = 1, 1H), 3.22 (bs, 1H),
3.04 (bl, 1H), 1.70 (dJ = 9, 1H),1.45 (dJ = 9, 1H).13C NMR:

0 =198.2, 136.4, 136.2, 129.3, 129.2; 129.0; 128.0Q)(s;, 280),
49.6; 49.4, 47.2, 45.3 (§,= 30), 43.7 (qJ = 2). 1%F NMR: 6 =
—66.15 (d,J = 11). Anal. Calcd for @H;3F30: C, 67.66; H, 4.92.
Found: C, 67.52; H, 5.10.
trans-Phenyl[3-exo-(trifluoromethyl)bicyclo[2.2.1]hept-5-en-
2-yllmethanone (3aexg). *H NMR: 6 = 7,96 (m, 2H); 7,58 (m,
1H); 7,47 (m, 2H); 6,37 (m, 1H); 5,80 (m, 1H); 3,96 (dtk= 5, J
= 3, 1H); 3,33 (bl, 1H); 3,15 (bl, 1H); 2,96 (ddd,=5,J=1,J
=10, 1H); 1,94 (dJ =9, 1H); 1,56 (dJ = 9, 1H).F NMR: ¢
= —67,17 (d,J = 10). Anal. Calcd for GH13F0: C, 67.66; H,
4.92. Found: C,67.81; H, 4.99.
trans-[3,4-Dimethyl-6-(trifluoromethyl)cyclohex-3-en-1-yl]-
(phenyl)methanone (7a) White solid. Mp= 79 °C. IH NMR: 6
= 7.97 (m, 2H), 7.55 (m, 1H), 7.43 (m, 2H), 3.77 (dt= 6,J =

JOC Article

10, 1H), 2.99 (m, 1H), 2.25 (m, 4H), 1.71 (s, 3H), 1.62 (s, 3H).
13C NMR: 6 = 202.3, 137.0, 133.7, 129.1, 128.7, 128.0 g7
280), 124.5, 123.1, 40.9 (d,= 26), 40.6, 35.8, 30.2 (q] = 3),
19.0, 18.9.1%F NMR: ¢ = —70.42 (d,J = 8). Anal. Calcd for
Ci6H17F30: C, 68.07; H, 6.07. Found: C, 68.15; H, 5.93.
Diels—Alder Cycloadditions of 1a with Danishefsky’s Diene.
A solution of g-trifluoromethylated enonela (1 mmol) and
Danishefsky’s diene (2 mmol) in GEI, (1 mL) was stirred at 50
°C in a sealed tube for the time indicated in Table 5. After the
mixture was cooled to rt, a 4:1 mixture of THF/aqueous HCI 0.1
N (4 mL) was added, and the crude mixture was vigorously stirred
for 10 h. Then, the mixture was poured into an aqueous solution
of NaHCG; (6%) and extracted three times with gEl,. After
drying over NaSQ,, the solvent was evaporated in vacuo and the
crude product purified by flash chromatography.
4-Benzoyl-3-methoxy-5-(trifluoromethyl)cyclohexanone (10a).
First Diastereomer'H NMR: 6 = 8.03 (m, 2H), 7.63 (m, 1H),
7.52 (m, 2H), 4.09 (dd) = 10.0,J = 5.5, 1H), 3.80 (m, 1H), 3.39
(m, 1H), 3.25 (s, 3H), 2.552.82 (br, 4H).13C NMR: 6 = 204.6,
199.6, 136.7, 134.2, 129.3, 128.9, 126.8)&; 279.6), 78.4, 57.4
(q,3J=1.8),46.9 (qJ = 1.7), 43.0, 39.3 (g = 27.8), 37.3 (g
= 2.2). %F NMR: 6 = —71.89 (d,J = 8.0). Anal. Calcd for
CysH15F304: C, 60.00; H, 5.04. Found: C, 60.16; H, 4.98. Second
DiastereomertH NMR: ¢ = 7.96 (m, 2H), 7.65 (m, 1H), 7.54 (m,
2H), 4.12 (m, 1H), 4.02 (dd] = 6.8,J = 3.8, 1H), 3.84 (m, 1H),
3.11 (s, 3H), 2.91 (m, 2H), 2.59 (m, 2H¥C NMR: 6 = 205.5,
196.6, 136.6, 133.9, 129.4, 128.5, 127.7Jes 279.6), 76.9, 57.6
(q,3=2.0), 45.3 (gJ = 1.6), 42,2, 37.1 (g = 27.5), 36.8 (g,
= 2.4). 1% NMR: 6 = —71.84 (d,J = 10.3). Anal. Calcd for
CisH1sF303: C, 60.00; H, 5.04. Found: C, 60.19; H, 5.32.
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